Environmental Science and Pollution Research (2022) 29:35025-35035
https://doi.org/10.1007/5s11356-022-18664-7

RESEARCH ARTICLE q

Check for
updates

ICT, renewable energy, financial development, and CO, emissions
in developing countries of East and South Asia

Zakia Batool' - Syed Muhammad Faraz Raza? - Sajjad Ali® - Syed Zain Ul Abidin?

Received: 1 November 2021 / Accepted: 11 January 2022 / Published online: 19 January 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

This study aims to analyze the impact of ICT, renewable energy consumption, and financial development on CO, emissions
in selected developing countries of East and South Asia. Using panel data spanning 1985-2020, Pooled Mean Group (PMG)
estimator is used to analyze the short-run and long-run effects. Results suggest that ICT and financial development positively
contribute to the degradation of the environment in the long run, while their impact on CO, emissions is insignificant in the
short run. On the other hand, renewable energy consumption affects environmental quality positively in both the long run
and short run. It is also examined that economic growth affects CO, emissions positively but the squared economic growth
reduces CO, emissions which validates inverted U-shaped EKC hypothesis. The empirical findings of the Granger Causality
test suggest unidirectional causality from ICT and financial development to CO, emissions, while a bi-directional relation-
ship is found among renewable energy and CO, emissions. Results imply that governments in these countries need to invest
in renewable energy to control environmental degradation.

Keywords ICT - Renewable energy - Financial development - CO, emissions - East and South Asian economies - Pooled

mean group

Introduction

The worldwide increasing population, globalization, and
industrial pace have put all the countries around the globe
to expand economic activities. Economic growth can
never threaten a country, but unorganized and unsustain-
able growth puts unbearable pressure on natural resources
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and energy that ultimately hurts the environmental qual-
ity. The need to accomplish sustainable development and
environmental protection has provoked policymakers and
researchers to focus on the ways to reduce environmental
degradation. Environmental degradation is a constant threat
permeating the world and creating global warming. Since the
turn of the century, global carbon dioxide (CO,) emissions
have rapidly risen. In 2014, global carbon emissions sur-
passed 36 billion tonnes, up from 1.6 billion tonnes in 1990.
In recent decades, it has resulted in a significant upsurge
in global average temperature (Karl et al. 2015), posing a
danger to human health and well-being. Global warming
worsens the physical health of creatures through extreme
weather conditions such as heatwaves, floods and droughts,
and disruptions in the water system (He et al. 2021).

The severe effects of global warming induced by car-
bon emissions are becoming more widely recognized. The
impact of energy use and carbon emissions on climate
change has been the attention of researchers and policy-
makers. The excessive use of non-renewable energy and
deforestation increases the carbon concentration level in the
atmosphere, contributing to an increase in the earth’s tem-
perature (Radhi 2009). The significant contribution to CO,
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emissions comes from burning fossil fuels for energy and
transportation (Adebayo and Kirikkaleli 2021). In develop-
ing countries, due to lack of resources and R&D, traditional
methods are used to satisfy the energy demand; however,
reliance on renewable energy sources such as wind, solar,
and hydropower can effectively meet the energy needs with-
out affecting environmental quality. In 2014, the global total
primary energy supply was 13.7 billion tonnes of oil equiva-
lent, with fossil fuel energy accounting for more than 80% of
the overall energy supply. The renewable energy consump-
tion rate, on the other hand, accounts for less than 20% of
total energy consumption. Renewable energy has minimal
carbon emissions compared to fossil fuels, sometimes even
nil. Renewable energy may be used to replace fossil fuels
and decrease carbon emissions (Boliik and Mert 2014).

Another option to reduce CO, emissions is to use infor-
mation and communication (ICT hereafter) to avoid com-
muting, eventually decreasing pollution. According to
European Commissions report, the internet can raise energy
efficiency, and the decrease in energy demand positively
affects environmental quality. Information and communica-
tion technology has advanced at a breakneck pace during the
last two decades. Various countries are interested in learning
how to use information technology to decrease energy use
and prevent environmental damage. In previous empirical
research, using information technology to promote economic
growth was seen as one potential method to increase effi-
ciency while reducing energy use. ICT can improve pro-
duction efficiency and reduce the usage of material goods,
which ultimately reduces energy demand and thus reduces
the environmental burden. ICT also helps cut the amount of
paperwork and, therefore, positively affects the environmen-
tal quality. The ICT-oriented approaches such as videocon-
ferencing or integrated point-of-sale systems in businesses
can lessen the environmental load. However, the increas-
ing trend of e-learning has reduced traveling, affecting CO,
emissions negatively.

Despite the encouraging effects of ICT on the environ-
ment, ICT is also found to affect the environment adversely
(Coroama and Hilty 2014; Park et al. 2018). The intensive
use and dependency of businesses, academic, and research
institutions on the internet have taken the growth and devel-
opment to the next level at the cost of increased electric-
ity consumption. In order to use the internet without any
interruption due to load shedding, many businesses and
institutions have installed large units of diesel generators
that emit gases that pollute the air. Financial development
can also affect environmental quality by financing R&D
and innovations. A developed financial sector can monitor
the channelization of funds to projects that promote energy
efficiency and environment-friendly production techniques.
However, an unstructured financial sector lacks transparency
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and management skills that, in turn, finance activities with-
out considering the social and environmental consequences.

Though, the problem is that the developing economies
such as East and South Asian emerging economies have
tried to be more progressive without considering environ-
mental quality, which is also essential to get a developed
status. However, the intensified internet use and energy
and unstructured financial sectors triggered environmental
deterioration. Whereas moving to renewable energy was
too early to decide its assistance to environmental sustain-
ability. On the other hand, developing economies are now
considering research and development innovations in finan-
cial sectors. Moving towards renewables and ICT efficiency
towards reducing energy demand still has left the question
of whether these factors are considered helpful in reducing
the environmental hazards in these developing economies.
Since the influence of renewable energy, ICT, and devel-
oped financial structure on the environment is ambiguous,
the basic purpose of this study is to highlight the impact of
relying on renewable energy sources, ICT, and the developed
financial sector on the environment in the developing regions
of East and South Asia. However, this research investigates
the short-run and long-run impacts of renewable energy,
information and communication technology, and financial
development on the quality of the environment.

The following is the rest of the research: The “Literature
review” section reviews the past literature. The “Methodol-
ogy” section delves into the data and methodology, while
the “Results and discussion” section delves into the results
and discussion of the empirical study. The “Conclusion and
policy implication” section concludes the current study’s
findings and suggests policy recommendations based on
results.

Literature review

Many studies in the literature analyze the impact of different
financial and economic activities on the emission of CO,.
The literature review is divided into three sections, namely,
(1) ICT and the emission of CO,, (ii) Consumption of renew-
able energy and the emissions of CO,, and (iii) Financial
development and the emission of CO,.

ICT and the emission of CO,

There exist many studies that emphasize the role of ICT
in ensuring environmental sustainability. One of the chan-
nels through which ICT affects the environment is economic
growth. Appropriate conduct and utilization of ICT bring
a positive structural change that leads to different environ-
ment-friendly technological advances (Shahiduzzaman and
Alam 2014; Zhang and Liu 2015; Goundar and Appana
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2018). Bapna et al. (2010) examined that ICT increases
production efficiency and promotes online transactions
that eventually affect the environment positively due to a
reduction in commuting. Nguyen et al. (2020) argue that
ICT introduces production processes that are cleaner and
ecologically sustainable. The provision of fast and effective
network avenues lessens the cost/traffic per minute linked
with economic activities (Gillwald and Stork 2008; Asongu
2017, Kouton 2019). The association among ICT and carbon
emissions is not always linear. Higon et al. (2017) confirm
that there exists an inverted U-shaped association between
ICT and CO,. ICT is also thought to trim down the con-
sumption of energy which in turn reduces CO, emissions
and improves environmental quality (Ishida 2015; Gelenbe
and Caseau 2015; Lu 2018).

On the other hand, the use of ICT is also observed to
directly hurt environmental quality by massively increasing
the emission of CO,. The increased usage and disposal of
ICT raises energy consumption, which positively impacts
carbon dioxide emissions (Lee and Brahmasrene 2014; Sala-
huddin et al. 2016; Park et al. 2018; Belkhir and Elmeligi
2018; Shabani and Shahnazi 2019; Baris-Tiizemen et al.
2020). Zhang and Liu (2015) predicted the ICT-related
energy demand to go up to 430 GW by 2020. Many stud-
ies have concluded that ICT raises the consumption rate of
electricity due to the rebound effect. ICT-induced energy
rebound effects lead to an upsurge in energy intensity and
bring about environmental degradation (Bomhof et al. 2009;
Sadorsky 2012; Van Heddeghem et al. 2014; Lv et al. 2019;
Arshad et al. 2020). Contrary to significant findings, many
studies in the literature have concluded a trivial effect of I[CT
on the quality of the environment. Amri (2018) finds that
ICT has an insignificant impact on CO, emissions in Tunisia.
Asongu et al. (2018) conclude that in Sub-Saharan Africa,
ICT alone does not significantly impact carbon emissions.

Consumption of renewable energy and the emission
of CO,

One of the drawbacks of ICT is that it stimulates energy
consumption, and increasing demand for energy consump-
tion has forced renewable energy and non-renewable energy
usage. The increasing pressure on the use of non-renewable
energy sources is causing CO, emissions to increase dra-
matically. That draws the attention of policymakers to switch
from conventional sources of energy to renewable energy
sources (Amri 2018; Shaheen et al. 2020; Assi et al. 2021).
Zafar et al. (2019) argues that energy consumption nega-
tively affects environmental quality in countries with out-
dated production technologies. Researches across different
countries have shown that fossil fuel consumption positively
contributes to CO, emissions (Mensah et al. 2019; Churchill
et al. 2018; Wang and Zhu 2020). According to Boliik and

Mert (2014), in order to shield the economy from the risk of
oil price volatility and environmental pollution, many coun-
tries have adopted different sources of renewable energy.
Several researchers have shown a significant negative rela-
tionship between environmental degradation and renewable
energy consumption (Jaforullah and King 2015; Al-Mulali
et al. 2016; Assi et al. 2021). Boutabba (2014) and Jebli
and Youssef (2015) find a long-run and negative association
between renewable energy use and CO,. Similarly, Ibrahim
and Waziri (2020) found that renewable energy consump-
tion in SSA countries significantly reduces CO, emissions.

Lu (2018) argues that renewable energy consumption has
natural resource constraints, e.g., launching PV modules for
solar energy requires land and an abundance of sunlight.
Working on the same line, Park et al. (2018) highlights that
many EU countries are using renewable energy due to the
availability of waves, wind, and geothermal energy sources
in the area and suggests using energy mix to mitigate the
consumption of non-renewables for the production of elec-
tricity. On the other hand, many studies have found the
bi-directional relationship between consumption of green
energy and emission of CO, (Dogan and Seker 2016; Dong
et al. 2017). Contrary to the one way and two way link
between renewable energy consumption and the emission of
carbon dioxide, some studies evident the insignificant effect
of consumption of green energy on environmental degrada-
tion (Menyah and Wolde-rufael 2010; Bento and Moutinho
2016; Jebli and Youssef 2017; Boontome et al. 2017; Liu
et al. 2017).

Financial development and the emission of CO,

It is believed that a developed financial sector contributes to
the economic growth of the country by stimulating economic
activities (Guru and Yadav 2019; Yang 2019; Raheem et al.
2020). These financial-led economic activities have resulted
in a surge in energy demand (Sadorsky 2011; Ozatac et al.
2017; Shahbaz et al. 2018; Samour et al. 2019). According
to Saud and Chen (2018), an increase in financial activi-
ties triggers economic activities and affects environmental
quality negatively. Salahuddin et al. (2016) argue that easy
access of firms to financial instruments decreases financial
costs and thus causes an increase in production activities
that require energy which consequently affects the emis-
sion of CO, positively in both the short run and long run.
Farhani and Ozturk (2015) and Amri (2018) confirm that
financial development causes environmental degradation.
However, according to Tsaurai and Chimbo (2019), finan-
cial development plays an intermediating role through ICT
adding to CO, emissions. At the same time, Sadorsky (2011)
believes that access to finance encourages consumers to pur-
chase costly items such as air conditioners and cars, which
increases CO, emissions.
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On the other hand, many authors consider that financial
development contributes to environment quality positively.
According to Tamazian et al. (2009), the availability of
financial resources encourages using advanced technology
at low cost and motivates investments in environmentally
friendly projects. Atsu et al. (2021) point out that increasing
financial service promotes innovation and increases energy
efficiency. Financial development encourages firms to invest
in environmentally friendly production techniques by remov-
ing credit constraints. Park et al. (2018) confirms in his study
that financial development reduces CO, emission in devel-
oped countries because leading financial institutions provide
loans to research and development (R&D) and renewable
energy projects at low-interest rates that increase energy
efficiency and decrease the emission of CO,. Based on their
findings, Xu et al. (2018) suggest the financial sectors to
provide financial services that promote environmentally
friendly production technology and reduce environmental
degradation. Conversely, Lu (2018) found a negative but
insignificant effect of financial development on the emis-
sion of carbon dioxide.

Research gap

The above-mentioned brief literature has addressed a direct
relationship between ICT, renewable energy consumption,
financial development, and emissions of carbon dioxide.
Thus, the present study addressed the research gap related
to the important cross-sections. The present research has
focused on the important cross-sections of developing East
and South Asia to investigate the association between ICT,
renewable energy usage, financial development, and carbon
dioxide emissions which have been seldom inspected in the
literature. Meanwhile, this research has a sole combination
of ICT, renewable energy, financial development, trade,
and economic growth to spotlight the influence on carbon
dioxide (CO,) emissions, not sufficiently inspected in the
literature.

Methodology

To empirically analyze the impact of ICT, renewable energy,
and financial development on carbon dioxide emissions,
panel data covering the period from 1985-2020 is employed.
However, we have considered ten developing countries from
East Asia and South Asia. These countries include Bangla-
desh, China, Pakistan, the Philippines, India, Vietnam, Sri
Lanka, Nepal, Mongolia, and Malaysia. In this study, carbon
emissions measured in metric tons per capita are used for
carbon emissions. For renewable energy, the use of renew-
able energy as a ratio of aggregate energy is used. This study
takes the GDP growth rate to measure the impact of GDP
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growth on CO,. Trade as a percentage of GDP is used to
calculate the effect of trade on CO, emissions. To gauge the
level of financial development, this study considers domestic
credit to the private sector as the ratio of GDP; however,
internet consumers as a percentage of the populace are used
for ICT. World Development Indicators provide data on
dependent and independent variables (WDI).

To analyze the impact of independent variables on a
dependent variable, this study uses a linear econometric
model, and the model specification is as follows:

CO, = P, + B, GDP; + B GDP;. + B,RE;, + BsFD;, + PICT, + B, Trade;, + u,

)]
where i denotes country and ¢ represents time, whereas CO,
is per capita CO, emissions, GDP is GDP growth rate, RE
is renewable energy, FD is financial development, ICT is
information and communication technology, and trade is
trade openness; however, to check the hypothesis of Envi-
ronmental Kuznets Curve, the square of GDP growth rate is
also included in the equation.

Before applying the panel unit root test, we used the
cross-sectional dependence (from now on CD) test suggested
by Pesaran (2004) to assess cross-sectional relations across
sample countries. According to Pesaran (2007), disregarding
the existence of cross-sectional dependence while checking
the unit root test results in substantial distortions and false
conclusions. CD test under the null hypothesis of no cross-
sectional dependence has the following test statistic:

2T - ~
= [ (B Ehh) oy @

In Eq. (2), 6; are the coefficients of cross-sectional cor-
relation. To address the issue of cross-sectional dependence,
CADF and CIPS unit root test is used. The statistic of CADF
is obtained using the following regression:

— k — k
AYj = o+ Yy +8 Y+ D 5AY [+ D GAY ey
(©)

whereas, CIPS statistic is calculated using the estimates of
CADF regression:

1 N
CIPS = = Y. CADF 4)

In order to examine the long-run association between
variables, this study applied Westerlund (2007) cointegra-
tion test. In contrast to the Westerlund cointegration test,
other tests such as Pedroni and Kao cointegration test sup-
pose cross-sectional independence. However, the West-
erlund test provides robust results even when the cross-
sectional dependency is present. Based on two panel and
two group statistics, using the following equation, the
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Westerlund approach tests the null hypothesis that there is
no cointegration:

AY; = 8d, + (YM_, - ﬁixm_l> 2 A+ D AN ey
&)
In Eq. (5), d is used for deterministic components,
whereas q; and p; denote the lead orders and lag lengths
across individual cross-sections, respectively. To estimate
the long-run and short-run impact of independent variables
on CO, emissions, the panel ARDL models are employed,
and the equation is as follows:

p q q q
COy =9; + Z 1; €Oy + Z B1;GDP;,_; + Z BZI/'GDP%I—/' + Z B3;RE;,;
= =0 =0 =0

q q q
+ 2 BugFDyy+ O BsylCT, + Y BoyTrade,,; +
j=0 j=0 Jj=0

(6)

Akaike information criterion is employed to decide the

optimal lag to use. The error correction form of the above
model is written as follows:

p-1 q-1 g-1 g-1

ACOy, = 8+ 2 wyACOy,;+ X BiyAGDP,,_;+ 3 B,,AGDP},_ + " By

j=1 = j=0 j=0

0
- -l -l @)
ARE, ;+ ¥ PyAFD,, ; + ¥ BsyAICT,,; + ¥ BeyATrade,,_; + 9,ECT,,, +,
=0 =0 =0

where

ECT;,_, = CO;_; — m;GDP;_, — KZiGDPZi.!—l - m5RE;

i

— 1y FD; g — w5 ICT; ) — mg; Trade;, ®
While ¢; is the speed of adjustment coefficient, and a
significant and negative value of the speed of adjustment
coefficient confirms integration between dependent and
independent variables, whereas, m;, T,;, T3;, Ty, Ts;, and
n; are the long-run coefficients. We have applied both MG
(mean group) and PMG (pooled mean group) estimates. In
panel ARDL models, the PMG approach by Pesaran et al.
(1999) is based on the assumption that long-run coefficients
T; are common across cross-sections and heterogeneity
in the short-run coefficients. On the other hand, the MG
approach by Pesaran and Smith (1995) is the least restrictive
and assumes heterogeneity of all parameters; however, for
selecting the appropriate method, the Hausman test is used.
This paper also examined the causal relationship between
variables using the Dumitrescu and Hurlin (2012) causal-
ity test, which resolves the issue of heterogeneity. This test
assumes the following linear heterogeneous model:

zok 7 p@
Yy = o; + Zi:l P Ykt Zi:l B.7X i + & )

The null hypothesis of this model assumes no causal-
ity (B;=0) between panels, and the alternate hypothesis is
founded on the presence of Granger causality.

Results and discussion

Before using the unit root test to check the stationarity of
variables, this study uses a cross-sectional dependence test.
There are several reasons, such as common border, same eth-
nicity or culture, and trade agreements, that may cause cross-
sectional dependence in panel data. Therefore, it is essential
to control these cross-sectional effects, or else results will
be biased and inconsistent. The result of the cross-sectional
dependence test is reported in Table 1. Results indicate
that the p-values for all variables are less than 0.05, so we
reject the null hypothesis and conclude that cross-sectional
dependence exists.

Since the CD-test confirms the cross-sections are not
independent, CIPS and CADF unit root tests by Pesaran
(2007) are applied to test the stationarity of variables. CIPS
and CADF tests control the cross-sectional dependence
between panels (Danish et al. 2018). The outcomes of both
tests are shown in Table 2.

Results of the CIPS test shows that financial development
(FD), renewable energy (RE), GDP growth, and square of
GDP are stationary at a level. In contrast, other variables are
found to be stationary at the first difference. However, the
CADF test shows that only renewable energy (RE) and GDP
growth are stationary at a level, and others are stationary at
first difference.

In order to test the existence of a potential long-run equi-
librium relationship between variables, the cointegration test
introduced by Westerlund (2007) has been used because it
gives efficient results in even small samples. Another reason
for using the Westerlund cointegration test is that it con-
trols a large degree of heterogeneity among panels in both
the long run and short run and allows for cross-sectional
dependency. The result of the Westerlund cointegration test
is given in Table 3. The group statistic value is significant at

Table 1 Results of CD-tests

Variables Pesaran CD test statistic P-value

Cco, 30.94 0.0000%**
FD 16.49 0.0000%**
RE 23.95 0.0000%**
GDP 3.50 0.0000%**
GDP? 4.98 0.0000%**
Trade 12.15 0.0000%**
ICT 36.91 0.0000%**

CO,, CO, emissions; FD, financial development; RE, renewable
energy; GDP, GDP growth; GDP?, square of GDP growth; Trade,
trade openness, /CT, information and communication technology

wk Rk ndicate 1, 5, and 10% significance level, respectively
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a 1% significance level; thus, we reject the null hypothesis
of no cointegration.

To estimate the long-run and short-run effects of renew-
able energy consumption, financial development, and ICT on
the emissions of CO,, the Panel ARDL approach has been
used. For the selection of optimal lag length, Akaike infor-
mation criteria (AIC) is used. The result of Panel ARDL
estimation is given in Table 4. Both MG and PMG esti-
mators are employed. However, the Hausman test is used
to choose between these two estimators. The value of the
Hausman statistic is 3.41, with a probability value of 0.530.
Since the probability value is greater than 0.05, thus, we do
not reject the null hypothesis of homogeneity restriction and
conclude that the PMG estimator is efficient and consistent.
A significant long-run relationship among variables requires
the value of the error-correction term (ECT) to be significant
and negative. Results indicate that the value of ECT is nega-
tive and significant at a 1% level of significance in both MG
and PMG models. In the PMG model, the value of ECT is
around 19% indicating that 19% disequilibrium is being cor-
rected annually. However, the value of ECT is —0.39 in the
MG model, which suggests that about 39% of the imbalance
is being corrected annually.

The results of the PMG model show that in the long run,
financial development affects environmental degradation
positively and significantly. However, its impact is insignifi-
cant in the short run. In the long run, a 1% increase in finan-
cial development increases CO, emissions by 0.1207%, and
this result is in line with the studies of Nasir et al. (2019) and
Zakaria and Bibi (2019). Our result indicates that in develop-
ing regions of Asia, the financial sector creates scale effects
by providing loans to increase economic activities. Financial
sectors in the developing regions are not targeting energy-
efficient and environment-friendly projects, and hence due to
unrestricted and unplanned capitalization, financial develop-
ment is affecting the environment negatively. Many studies

Table 2 CIPS and CADF unit root results

Variables CIPS CADF
Level 1st difference Level 1st difference

Cco, —2.045 —5.217%%* —2.101 —3.927%**
FD —2.6209%#* 4 8OTH** —2.150 —3.485%**
RE —2.511%* —5.208%#%* —2.342%* —3.614%%*
GDP —3.569%**  —6,062%** —3211%%*% 5 43]%%*
GDP? —3.654%%%  —6.424%%* —3.401%**  —5,673%**
Trade —1.631 —5.437#%* —1.467 —3.990%**
ICT —3.798 —4.677%%* —2.096 —3.759%**

Table 3 Result of Westerlund panel cointegration test

Statistic Value Z-value p-value
Gt 3.586 3.119 0.001***
Ga 0.715 5.470 1.000

Pt 4.854 2.452 0.993

Pa 0.881 3.960 1.000

wwx k% indicate 1, 5, and 10% significance level, respectively

have shown that institutional quality enhances financial
development (Huang 2010; Khan et al. 2020). Institutional
quality helps in restructuring the financial system so that it
can operate its functions efficiently. Thus, low institutional
quality is one reason why financial development negatively
affects the environment in Asia’s developing countries.
The impact of renewable energy on environmental degra-
dation is negative and significant in both the long and short
run. In the short run, a 1% increase in renewable energy
reduces CO, emissions by 0.655%. In the long run, a 1%
increase in renewable energy consumption decreases CO,
emissions by 0.489%. This result is in accordance with the
findings of Jebli and Youssef (2015), Waheed et al. (2018),
Chen et al. (2019), and Faisal et al. (2020). Increasing

Table 4 Results of panel ARDL (1,0,0,0,1,1)

Variable Mean group (MG) Pooled mean group (PMG)
estimator estimator
Short-run Long-run  Short-run Long-run
ECT —0.3912%%** —0.1872%%%*
AFD 0.0591 0.1021
ARE —0.2791%* —0.6551%**
AGDP 0.0122 0.0093
AGDP? —0.0342* —0.1671%*
ATrade -0.1737 —0.090
AICT —-0.0182 0.0052
FD 0.1143%*:* 0.1207%**
RE —-0.7719 —0.4089%*
GDP 0.2801* 0.2981***
GDP? —0.4561* —0.32098**
Trade —-0.0167 0.0788%*%*
ICT 0.0990 0.5314%%*
Constant 3.005%* 1.953%%**
Hausman  3.41, P-value (0.530)

test

Observa- 350
tions

CO,, CO, emissions; FD, financial development; RE, renewable
energy; GDP, GDP growth; GDP?, square of GDP growth; Trade,
trade openness, /CT, information and communication technology

wk Rk ndicate 1, 5, and 10% significance level, respectively
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CO,, CO, emissions; FD, financial development; RE, renewable
energy; GDP, GDP growth; GDP?, square of GDP growth, Trade,
trade openness, /CT, information and communication technology

*k kk kndicate 1, 5, and 10% significance level, respectively
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renewable energy consumption, such as solar and wind
energy sources, does not emit CO,, affecting environmen-
tal quality. Increasing reliance on renewable energy sources
reduces the proportionate use of non-renewable energy and
thus causes CO, to reduce.

The short-run results of the PMG model show that the
coefficient of GDP growth is statistically insignificant. At
the same time, the long-run effects of the PMG model illus-
trate that GDP growth influences CO, emissions positively
and significantly at a 1% level of significance. Results indi-
cate that a 1% increase in GDP growth leads to a 0.2981%
increase in CO, emissions in the long run. This result is
consistent with the findings of Linh and Lin (2014) and Lu
(2018). Our findings confirm that an increase in economic
activities in developing countries leads to excessive use
of non-renewable energy sources and depletion of natural
resources, including deforestation, which eventually nega-
tively affects environmental quality. However, the squared
of GDP carries a negative sign in the long run, confirming
the validity of the inverted U-shaped environmental Kuznets
curve hypothesis.

On the other hand, trade is also having an insignifi-
cant impact on the emission of CO,, while its effects on
CO, emissions are positive and significant in the long run.
Table 4 indicates that a 1% increase in trade causes CO,
emissions to increase by 0.0788% in the developing regions
of Asia. Our findings are in accordance with the study of
Mrabet and Alsamara (2017). An increase in trade spurs
economic activities, which thereby causes an increase in the
demand for natural resources and energy. Thus, in devel-
oping countries, trade through its scale effects causes an
increase in the CO, emissions. However, these developing
countries are unable to capture technological effects through
trade.

ICT is found to affect CO, emissions positively and sig-
nificantly in the long run, while its effect on environmental
degradation is insignificant in the short run. One percent
increase in ICT increases CO, emissions by 0.5314% in the
long run. Our findings are consistent with Park et al. (2018)
and Danish et al. (2018). The results demonstrate that the
use of ICT-related equipment in developing countries of
Asia is not energy efficient, which results in high energy
consumption. The increasing use of the internet requires
electronic equipment that needs electricity consumption that
puts pressure on the economy to use non-renewable sources
of energy such as fossil fuel energy which ultimately affects
the environmental quality adversely.

In order to identify the direction of the causal relationship
between variables, Dumitrescu-Hurlin (DH) causality test
developed by Dumitrescu and Hurlin (2012) is used in this
study. The DH test considers the heterogeneity in panel data.
The result of the DH causality test is given in Table 5, which
confirms that the results of the causality test are compatible

with the results of the PMG model. Based on the value of
W-stat and Z bar-stat, we conclude that unidirectional cau-
sality runs from financial development to CO, emissions,
which is consistent with the result of Park et al. (2018). A
bi-directional causality is found between renewable energy
and CO, emissions. Renewable energy consumption causes
a decrease in pollution, which is supported by Chen et al.
(2019) and Assi et al. (2021) while increasing CO, emis-
sions emphasize the importance of using renewable energy,
which is consistent with the study of Salim and Rafiq (2012).

A unidirectional causality is observed from GDP, trade,
and ICT to CO, emissions, confirming our PMG result.
A unidirectional causality from financial development to
renewable energy suggests that a developed financial sector

Table 5 Dumitrescu-Hurlin Granger causality test

S. no Causal relationship W-stat Zbar-stat

1 FD—CO, 7.406%** 6.465%**
CO,#FD 0.9635 0.7256

2 RE—CO, 10.0948%#* 8.8615%**
CO,—RE 5.1826%** 4.4848%#+%*

3 GDP— CO, 4.9276%** 4.2576%*%*
CO,#GDP 1.4263 1.1138

4 Trade — CO, 16.6548%*%** 14.7063*%*%*
CO, #Trade 0.4614 0.2783

5 ICT—CO, 4.3960%** 4.1730%**
CO,#ICT 0.2947 0.1764

6 RE#FD 0.6501 0.0103
FD—RE 9.0519%** 7.9323%**

7 GDP—FD 4. 71177H+* 4.0652%%*%*
FD — GDP 3.6048*** 3.0790%**

8 Trade #FD 0.6167 0.4180
FD — Trade 6.2560%** 5.4412%**

9 ICT#FD 1.0807 0.8301
FD—ICT 17.0845%%** 2.0586%*

10 Trade — GDP 2.8578*** 2.4134%**
GDP # Trade 1.5734 1.2689

11 GDP—RE 3.2236%** 2.7394 %%
RE — GDP 3.6048*** 3.7010%**

12 RE — Trade 3.4164%+* 2.9514%**
Trade —RE 20.5782%%** 2.4134%**

13 Trade #ICT —2.2576%* —2.0624%*
ICT — Trade 60.7393#%* 9.3232%**

14 ICT—>RE 17.0686%*** 2.0559%*
RE—ICT 1.1351 0.8785

15 GDP#ICT 1.0874 —0.1026
ICT—GDP 2.7339%%** 2.3031%*

CO,, CO, emissions; FD, financial development; RE, renewable
energy; GDP, GDP growth; Trade, trade openness, /CT, information
and communication technology

wkk Rk ndicate 1, 5, and 10% significance level, respectively
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helps finance energy efficiency projects (Eren et al. 2019).
Bidirectional causality is found between GDP and finan-
cial development, which is consistent with the study of Isik
et al. (2017) and Park et al. (2018). A unidirectional causal-
ity is observed to be running from financial development
to trade because financial services support the investors to
increase their production and encourage them to export their
products. Results show that ICT causes GDP, and Faisal
et al. (2020) support the unidirectional causality from ICT
to GDP. Unidirectional causality is examined from financial
development to ICT, and this outcome is consistent with
the study of Pradhan et al. (2015). Bidirectional causality
between GDP and RE is also observed because the increased
level of GDP increases the need for energy, increasing the
demand for both renewable and non-renewable energy. In
contrast, an increase in the consumption of renewable energy
increases GDP. Results also show a unidirectional causality
running from trade to GDP, which is supported by Meijers
(2014). It is also observed that there is bidirectional causal-
ity between ICT and trade, which is compatible with the
study of Arvin et al. (2021).

Conclusion and policy implication

This study applies the panel ARDL model to estimate
the impact of ICT, financial development, and renewable
energy on environmental degradation. To assess the long-run
effects, this study employs the PMG approach. In addition
to PMG, Dumitrescu-Hurlin (DH) causality test is also used
to examine the causal relationship between variables. The
long-run estimates show that increasing ICT usage causes
CO, emissions to increase in developing countries of Asia.
Similarly, financial development, economic growth, and
trade also contribute to CO, emissions positively. In con-
trast, economic growth squared helps mitigate CO, emis-
sions and confirmed the validity of the inverted U-shaped
environmental Kuznets curve in the developing regions of
Asia.

Furthermore, renewable energy consumption affects CO,
emissions negatively. The unidirectional causal relationship
is found running from financial development, ICT, trade, and
GDP to CO, emissions, while a bi-directional relationship
is observed between renewable energy and CO, emissions.
Results of this study imply that developing countries need
to improve the use of ICT to control environmental degra-
dation. Better utilization of ICT can lead to improved envi-
ronmental quality through ICT-based solutions to energy
intensity, commutation, and utilization of natural resources.
Since financial development is found to affect CO, emissions
positively, that drew the attention of policymakers of devel-
oping countries towards having a planned financial struc-
ture that should approve finance to environment-friendly

@ Springer

projects only. In comparison, the negative effect of renew-
able energy on CO, emissions emphasizes the need to reduce
the dependency on fossil fuel energy consumption.
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