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Abstract

This paper investigates the nonlinear/asymmetric effects of renewable energy transition on sustainable growth
in South Asian countries using panel data from 2000 to 2023. The paper utilized a panel threshold regression
approach as an empirical strategy. The findings revealed that the renewable energy transition can promote
sustainable growth in South Asian countries. The findings also found a significant threshold effect of CO2
emissions 2.38% critical mass, in the nexus between renewable energy transition and sustainable economic
growth in South Asian countries. Furthermore, the study revealed complementary threshold effects of access to
clean energy and the innovation and urbanization thresholds of 3.37% and 3.21% respectively, in the nexus
between renewable energy transition and sustainable economic growth, respectively. Further investigations
revealed that the connection between renewable energy transition can significantly drive sustainable

development goals (SDGs-8) in south Asian countries.

Keywords: renewable energy transition; sustainable growth; CO2 emissions; energy access; SDGs-8; South Asian

economies

1. Introduction

The world has witnessed the accelerated transition to renewable energy and environmental
sustainability, but this development has been a mirage for South Asian economies for decades [1-3].
However, the renewable energy transition involves shifting from traditional non-renewable energy
to renewable energy like wind and solar, driven by rapid transformation and increasing energy
security, coupled with regional vulnerability to climate change. Conversely, the region’s energy
system is still dependent on traditional fuels, with coal and hydropower accounting for
approximately 44% of all energy generation in South Asia, except for India’s recent renewable energy
transition landmark[3]. According to the International Energy Agency (IEA) report for 2025, it was
revealed that global energy demand in 2024 grew by 2.2%, exceeding the demand for all fuels and
innovations [4]. Furthermore, the report also revealed that the growth in energy-related emissions
continues to decouple, resulting from global economic growth and rising urbanization are increasing
energy demand in general, across South Asian economies in particular, thereby putting more
pressure on energy infrastructure. The global increase in carbon dioxide emissions (CO2) has
influenced the recent record of global high temperatures. However, a topic on the CO2 emission
policy threshold to renewables will be a momentous debate to explore.
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Recently, President Donald Trump's tariff policies have exacerbated the challenges as the policy
affects Indian’s imports of natural gas (uncompetitive pricing resulted in putting gas out of the power
mix), leaving the economy with economic loss from unutilized gas-fired power plants. Perhaps,
Trump’s announcement can motivate the governments of these countries to pursue a transition to
renewable energy consumption. The fundamental question to ask is: Can renewable energy
transitions have the potential to promote sustainable growth in South Asian countries? Qudrat-Ullah
[2] discovered the impact of renewable energy targets and policy syndrome in South Asian
economies. Murshed et al.[1], unveiled the impact of trade and tourism development on the pathways
of transition to renewable energy infrastructures in South Asian economies. Similarly, Rana et al., [5]
found strong evidence of the transition from traditional fuels to the new renewable energy in South
Asian countries. Noor et al.[6], discovered the impact of renewable and nonrenewable energy on
sustainable development in South Asian countries using autoregressive distributed lag (ARDL)
models over the period 1995-2019.

In another strand of literature, Zeb et al. [7] uncovered the impact of renewable energy on
deteriorating ecological footprint using a panel quantile regression approach on South Asian
countries over the period 1991 to 2022. Miao et al. [8] uncovered the impact of fossil fuels, not only
harming sustainable growth but also exhibiting negative spatial spillover effects on panel data of
South Asian countries over the period 2000-2020. Rahman et al. [9] unveiled the effect of population
growth and economic growth on renewable energy and environmental sustainability using the
STIRPAT model on panel data of South Asian countries over the period 1972-2021. Hassan et al. [10]
revealed the influence of urbanization and trade openness on renewable energy consumption in
South Asia using panel data from 1990 to 2018. Zulfiqar et al. [11] uncovered the impact of FDI and
innovation on renewable energy in South Asian countries using Fully Modified and Dynamic
Ordinary Least Squares models on panel data over the period 2000 to 2021. Given the divergent views
presented above, it is worthwhile investigating the renewable energy transition and sustainable
growth in South Asian countries.

Considering studies beyond South Asian countries, Triki et al. [12] discovered the link between
renewable energy transition and sustainable development of the Ha'il region using time series
analysis from 2002 to 2023. Raihan et al. [13]Junveiled the impact of FDI and globalization on the
renewable transition in Mexico using time series analysis spanning from 1970 to 2022. Wang et al.
[14] uncovered the impact of renewable energy, urbanization, and trade on CO2 emissions and
economic growth in a panel of 122 countries over the period 1998 to 2018. Imran et al. [15] found
strong evidence of energy transition, resource curse, and economic development in Brazil, Russia,
India, China, and South Africa (BRICS) countries over the period from 1991 to 2022. Chen et al. [16]
uncovered the nexus between green finance and renewable energy and sustainable tourism using
panel data from 30 provinces in China from 2005-2023. In another similar study, Rahman et al. [17]
found strong evidence supporting the long-run relationship between energy transition, innovation,
and economic growth in China. Shi and Shi[18] discovered the significant threshold effect of
innovation and green finance on renewable energy transition in a Chinese province from 2013-2022.
Almulhim et al. [19] discovered the institutional impact of renewable energy on carbon emissions in
BRICS from 1996-2022. It is apparent and glaring to observe that the impact of the renewable energy
transition on economic growth has diverged beyond the South Asian economies.

Conversely, the renewable energy transition does affect South Asian sustainable growth.
Whether this impact was observed or not, it would not provide the policymakers and economists
with appropriate policy tools unless they prescribe an inflection point in the nexuses investigated. In
this article, we have found overwhelming evidence of the presence of an inflection point along the
nexus between renewable energy transition on sustainable economic growth in South Asian countries
using a dynamic threshold regression approach, and a gap in the literature. Considering the literature
gap, the study presents the testable hypotheses supporting the major study findings as follows:

Hypothesis 1: The renewable energy transition can promote sustainable economic growth.
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Hypothesis 2: When the impact of the CO:2 emissions level is below or above a certain threshold,
its effect on the renewable energy transition in South Asia may change from positive to negative or
vice versa.

Hypothesis 3: When the impact of access to clean energy and technology is below or above a
certain threshold, its effect on the renewable energy transition in South Asia may change from
positive to negative or vice versa.

Hypothesis 4: When the impact of urban population growth is below or above a certain
threshold, its effect on the renewable energy transition in South Asia may change from positive to
negative or vice versa.

Departing from the perspective advanced in the above debate, it is pertinent to observe that the
present study is not the same as the previous studies in terms of views, perspectives, periodicity, and
methods, considering the nexus between renewable energy transition and sustainable economic
growth in South Asian economies. The topic is still open to further debate as the effect of asymmetry
information in the nexus between renewable energy transition and sustainable economic growth has
not received the exhaustive scholarly attention it deserves, and has limited coverage in the literature.
However, the objective of this study is to explore the asymmetric/threshold effect of CO2 emissions
on the nexus between renewable energy transition and sustainable growth in South Asian countries.
Next, the data and empirical strategy supporting the findings of this article are presented in the
forthcoming section.

2. Data and Methods

2.1. The Data

This study utilizes panel data on South Asian countries (including Bangladesh, Bhutan, India,
Maldives, Nepal, and Sri Lanka ) spanning from 2000 to 2023, sourced from the World Bank
Development Indicators (WDI)[20], spanning the period 2000-2023. A detailed description of all
variables is provided in Appendix Table A1.

2.2. Definition of Variables

2.2.1. Dependent variable

Sustainable growth (sustainability), the study utilized an annual growth rate of gross domestic
product, an indicator of inclusive and sustainable growth. This variable is supported by the
Sustainable Development Goals (SDGs-8).

2.2.2. Independent variable

Renewable energy consumption(energy). The study employs Renewable energy consumption
as the share of renewable energy in total final energy consumption as an independent variable. The
choice of this variable was motivated by the literature [5], [6], [9].

2.2.3. Threshold variable

The study utilized the following variables: CO:2 emissions, access to clean energy, and urban
population growth, as threshold variables supported by the literature gap and hypothesis
development.

2.2.4. Control Variable

The specific control variables include trade openness (TOP), foreign direct investment (FDI),
gross capital formation share of GDP(GCF), and labor force participation. These variables are
supported by the previous studies[1], [11][21].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.0289.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 September 2025 d0i:10.20944/preprints202509.0289.v1

4 of 13

2.2. Model specification

To examine the premise of the testable hypotheses, the study investigates the asymmetric effect
of the renewable energy transition on sustainable economic growth in South Asian countries over the
period 2000-2023. The study utilized panel data with a model specified as follows.

n
sustainability, = o, + a,renewable, + Z acontrol, +u,

(1)

Where t denotes year; ¢, denotes constant; [ ¢, a;] denote estimated coefficients; and u, random

term.

Introducing the threshold investigation in the pertinent model above, we employ the threshold
effect test following the approach in Hansen [22][15],[16].
sustainability, = 3, + p,renewable, * [ (emissions, < y,)+*I(emissions, > y,)

4 2
+ Zﬂkcontrolﬁ + 1, @

k=1
Where f, denotes constant; [ §,, S, ] denote estimated coefficients; and p, random term.

sustainability, = ¢, + §,renewable, * [ (access, < y,)+*I(access, > y,)

+ Zgbk control, + 1,

k=1
3)
Where ¢, denotes constant; [ 4, ¢, ] denote estimated coefficients; below the threshold, y, while
above the threshold y,and x4, random term.

sustainability, =y, +y,renewable, * I(urbanization, < y,)+*I(urbanization, > y,)
+ Z v, control, + u,
k=1

(4)

Where y, denotes constant; [y, w, ] denote estimated coefficients; below the threshold, y, while
above the threshold y,and u, random term.

Equally, the models (1-4) presented above are utilized as an empirical strategy modeling the
nexuses between renewable energy transition and sustainable growth in South Asia. The next
subsection will present the results from the above testable empirical models.

3. Results

Considering the structure of the hypothesis and the models discussed in the preceding sections,
this section will explore and present the major findings therein. First, we present the preliminary data
analysis to address the statistical prerequisite. Second, we present the short and long-run analysis.
Third, the presentation of the benchmark models' results of the dynamic panel threshold effect test
and threshold estimation, respectively.

3.1. Stylized facts

Figure 1 presents the visualization of the sustainable growth outcome variables. The quintile
distribution of sustainable growth revealed the highest and lowest quintile distribution within the
framework of the mean, maximum, and minimum distributive statistics in our sample panel data of
South Asian economies. A glossary looks at the box and the whisker plot of renewable energy
transition shows the spread of the distributions with Bhutan and Nepal belonging to the highest
quintile distribution in renewable energy potentials, followed by Sri Lanka, then Bangladesh and
India, while the least is the Maldives. On the other hand, the spread of renewable energy compared
to the sustainable growth revealed that India has the highest growth potential, followed by
Bangladesh, then Sri Lanka, and others, as renewable energy transformation comes along with an
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economic cost. This insinuation makes economic sense in light of India’s recent renewable energy
transition landmark.

Renewable Energy Transition and Sustainability
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Figure 1. The box plot of the determinants across the sampled countries.

Conversely, access to clean energy and technology boxplot of the quintile distribution revealed
the spread of access to clean energy across the region; there is a presence of outliers in the
observations. Although the presence of an outlier may likely distort the exact structure of the
distributions. Meanwhile, the carbon emissions boxplot shows India has the highest quintile
distribution, and Bhutan comes with the lowest quintile distribution of CO2 emissions, a question
that calls for a significant policy threshold.

3.2. Preliminary data analysis

3.2.1. Descriptive statistics

Table 1 Panel A, consistent with Figure 1, shows the renewable energy transition and sustainable
economic growth in South Asian countries. The trend presentation was strongly supported by their
estimated means and standard deviations [3.334; 24.293] and [2.368; 1.412], respectively. Summarily,
other variables also exhibit parallel trends as CO2 emissions, Access, Urbanization, and FDI have
mean and standard deviations [2.745; 3.725; 3.302, & 3.972] and [2.617; 1.139; 0.328, & 0.955],
respectively. The mean and standard deviations of Trade, GCF, and LFP of [3.380; 3.380; 4.000] and
[1.553; 1.553; 0.157], respectively.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Variables Obs Mean Std. Dev. Min Max

Summary descriptive statistics Panel A

sustainability 144 24.293 2.368 20.438 28.815
energy 144 3.334 1.412 0 4.745
emissions 144 2.745 2.617 -0.898 7.991

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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access 144 3.725 1.139 0 4.836
trade 144 3.380 1.553 0 4.836
fdi 144 3.972 0.955 0 4.963
gef 144 3.380 1.553 0 4.836
labor force 144 4.000 0.157 3.674 4.246
urbanization 144 3.302 0.328 2.595 3.792
Pairwise correlations Panel B
) @) ®) 4) ) (6) @) ®) ©)
(1)sustainability 1.000 -0.062*  0.983* -0.227* 0.303* 0.177* 0.163* -0.198* -0.094*
(2)energy 1.000 -0.079*  0.150*  0.346* -0.368* 0.176* -0.087* -0.472*
(8)emissions 1.000 -0.169* 0.320* 0.206*  0.242* -0.101* 0.038
(4)access 1.000 -0.224* 0.153* -0.042 0.141* 0.215*
(5)trade 1.000 -0.382* 0.705* -0.103* -0.220*
(6)fdi 1.000 -0.165* 0.311* 0.381*
(7)gcf 1.000 0.221*  0.202*
(8)labor force 1.000  0.706*
(9)urbanization 1.000

% <001, ** p<0.05, * p<0.1

! Tables may have a footer.

Table 1, Panel B, the pairwise correlation test results revealed a negative and significant
correlation between Sustainability, renewable energy, labor force, and urbanization, while a positive
and significant correlation between CO2 emissions, trade, FDI, and GCF, respectively.

Table 2 presents the Im, Pesaran, and Shin [25], panel unit root test. The results from the unit
root tests revealed that all variables are integrated of order one I(I), while only FDI and GCF are level

stationary.
Table 2. Panel unit root test
Title 1 Statistics P-values Fixed-N exact critical values Signs
Im, Pesaran & Shin(2003) test 1% 5% 10%
o 2.5909 0.9952 -2.320 -2.080 -1.950 level
sustainability
-5.4330 0.0000 -2.320 -2.080 -1.950 A
4.3742 1.0000 -2.320 -2.080 -1.950 level
energy
-4.9934 0.0000 -2.320-2.080 -1.950 A
. 2.0445 0.9795 -2.320 -2.080 -1.950 level
emissions
-6.4537 0.0000 -2.320 -2.080 -1.950 A
-0.3173 0.3755 -2.320-2.080 -1.950 level
access
-4.9751 0.0000 -2.940 -2.700 -2.580 A
trad -1.1088 0.1338 -2.320 -2.080 -1.950 level
rade
-5.8633 0.0000 -2.320 -2.080 -1.950 A
fdi -3.4550 0.0003 -2.320 -2.080 -1.950 level
i
-7.3049 0.0000 -2.320 -2.080 -1.950 A
¢ -1.6751 0.0470 -2.320 -2.080 -1.950 level
(e
8 -5.4439 0.0000 -2.320 -2.080 -1.950 A
2.6363 0.9958 -2.320 -2.080 -1.950 level
labor force
-4.2017 0.0000 -2.320 -2.080 -1.950 A
L 1.2139 0.8876 -2.320 -2.080 -1.950 level
urbanization
-4.3541 0.0000 -2.320 -2.080 -1.950 A

* Tables may have a footer.
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3.3. Benchmark model: threshold effect tests and estimations

Following the existing literature by Shi and Shi [8] and Hansen [16], this section will focus on
the primary objective of the article by investigating the asymmetric/threshold effect of CO2 emissions
along the nexus between renewable energy transition and sustainable growth in South Asian
countries.

In Table 3, the threshold effect test for CO2 emissions alongside other complementary variables
is presented. It is observed that there is strong evidence of a significant threshold effect test on the
following variables: CO2 emissions [CO2=2.38%)], access to clean energy[Access=3.37%], and
urbanization [urban=3.21%], respectively.

Table 3. Results threshold effect test.

Access to clean

Threshold effect test CO2 emissions Urbanization
energy
Number of Bootstrap Replications: 5000 5000 5000
Trimming Percentage: 0.15 0.15 0.15
Threshold Estimate: 2.376 3.367 3.214
LM-test for no threshold: 85.355 28.084 56.750
Bootstrap P-Value: 0.017 0.0004 0.037

Considering the level of CO2 emissions as a threshold variable, its impact on the level of
renewable energy development can either be negative or positive on sustainable growth. In this
study, the result from the threshold effect test revealed the existence of a significant threshold
estimate of [CO2=2.38%]. Table 4, Panel A, presents the threshold impact estimations of the variables
at regime 1 (Below the threshold) and regime 2 (Above the threshold), respectively. Below the
threshold, the impact of renewable energy transition on South Asian countries is negative and
statistically significant at -0.164, and the impact further declines to a negative and statistically
significant -0.217 above the threshold at 1% level.

F Test for Threshold Reject Linearity if F Sequence Exceeds Critical Value Ccnfidence Interval Construction for Threshold
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Figure 2. The graph depicts the likelihood ratio function for the level of CO2 emissions in the nexus between
renewable energy consumption transition and sustainable growth. In Figure 2(a), the graph shows the F-statistic
test for threshold reject linearity if the sequence exceeds the critical value. In Figure 2(b), the graph shows the
meticulous confidence interval construction for the estimated threshold, and is presented in Panel A, Table 4,

below.

Considering the critical mass of access to clean energy and innovation as a threshold variable.
Its impact on the level of renewable energy transition can either be negative or positive on sustainable
growth. In this study, the result from the threshold effect test revealed the existence of a significant
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threshold estimate of [Access=3.37%]. In Table 4, panel B presents the threshold impact estimations
of the variables at regime 1 (Below the threshold) and regime 2 (Above the threshold), respectively.
Below the threshold, the impact of access to clean energy and innovation is positive 0.062 and not
statistically significant, while the impact changes to a negative and statistically significant -0.112
above the threshold at 1% level.

F Test for Threshold Reject Linearity if F Sequence Exceeds Critical Value Confldence Inter\/al Constructlon fDr Thresho|d

Likelihood Ratio Sequence in Gamma

T T T
o ) ] B

& T T T T T T
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Gamma Threshold Variable
F(Gamma) ————- 95% Critical LR(Gamma) ————- 95% Critical
3(a) 3(b)

Figure 3. The graph depicts the likelihood ratio function for the level of access to clean energy and innovation
in the nexus between renewable energy consumption transition and sustainable growth. In Figure 3(a), the graph
shows the F-statistic test for threshold reject linearity if the sequence exceeds the critical value. In Figure 3(b),
the graph shows the exact confidence interval construction for the estimated threshold, and is presented in Panel
B, Table 4, below.

Considering the critical mass of urbanization as a threshold variable. Its impact on the level of
renewable energy transition can either be negative or positive on sustainable growth. In this study,
the result from the threshold effect test revealed the existence of a significant threshold estimate of
[urbanization=3.21%]. In Table 4, Panel C presents the threshold impact estimations of the variables
at regime 1 (Below the threshold) and regime 2 (Above the threshold), respectively. Below the
threshold, the impact of urbanization is negative -0.096 significant at 1% level, while the impact rises
negatively -0.0076, but not statistically significant at above the threshold.

F Test for Threshold Reject Linearity if F Sequence Exceeds Critical Value Conﬁdence Interval CDnStrUCtiOn for Threshold
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Figure 4. The graph depicts the likelihood ratio function for the level of urbanization in the nexus between
renewable energy consumption transition and sustainable growth. In Figure 4(a), the graph shows the F-statistic
test for threshold reject linearity if the sequence exceeds the critical value. In Figure 4(b), the graph shows the

exact confidence interval construction for the estimated threshold, and is presented in Panel C, Table 4, below.
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4. Discussion

In this section, the major findings of this article are discussed. Using the jointly panel unit root
test and dynamic panel threshold regression approach to investigate the long-run relationship
between the transition to renewable energy consumption and sustainable growth in South Asian
countries. The corroborated findings from the panel unit test and the significant impact of the
dynamic panel threshold regression estimates revealed a long-run relationship between the transition
to renewable energy consumption and sustainable growth in South Asian countries. Consequently,
Hypothesis 1 is confirmed.

When the CO2 emissions critical threshold is below 2.38% the impact of the estimated coefficient
of renewable energy consumption transition is -0.164, and the effect on sustainable growth in South
Asia is negative and statistically significant at the 1% level. However, when this critical level of CO2
emissions exceeds 2.38%, the impact of the estimated coefficient of renewable energy consumption
transition declines to -0.217, and is statistically significant at a 1% level. Consequently, Hypothesis 2
is confirmed.

When the critical level of access to clean energy and innovation is below the threshold of 3.37%,
the impact of the estimated coefficient of renewable energy consumption transition is 0.062, and the
effect on sustainable growth in South Asia is positive but not statistically significant. However, when
the critical level of access to clean energy and innovation exceeds the threshold of 3.37%, the impact
of the estimated coefficient of renewable energy consumption transition declines to a negative -0.112,
and is statistically significant at a 1% level. Consequently, Hypothesis 3 is confirmed.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 4. Result threshold estimations.

Threshold estimation CO2 emissions Access to clean energy Urbanization
Panel A Panel B Panel C
Regimel Regime2 Regime2 Regime2
DV: Sustainable Growth . . i . <3. i rban, <3.214
e o (emissions, <2.376) (emissions, >2.376) Regimel (access; < 3.367) (access, >3.367) Regimel (urban;, <3 ) (urban, >3.214)
Threshold parameter 2.38% 2.38% 3.37% 3.37% 3.21% 3.21%
Intercent 45.485%** 7.612%* 22.781%** 24.949%%* 12.837%** 26.816***
P (0.845) (3.000) (2.093) (0.738) (0.897) (3.178)
Renewable ener -0.164*** -0.217%** 0.062 -0.112*** -0.096*** -0.0076
8y (0.045) (0.091) (0.046) (0.029) (0.035) (0.0305)
CO2 emissions N N 0.963*** 0.896*** 0.295%** 0.893***
(0.035) (0.011) (0.050) (0.0209)
Access to clean ener 0.0549 -0.286*** . N 0.0471 -0.100**
8y (0.056) (0.091) (0.032) (0.0329)
Urbanization 0.372 2.922%** -0.947*** -1.283***
(0.260) (0.403) (0.278) (0.129)
FDI -0.064* 1.107*** -0.069** 0.001 -0.002 -0.0189
(0.036) (0.180) (0.047) (0.045) (0.024) (0.0443)
Trade -0.009 -0.241** -0.120*** -0.028 -0.179*** -0.038*
(0.031) (0.085) (0.036) (0.025) (0.021) (0.0297)
GCE 0.252%** 0.303** 0.072* -0.036* 0.159*** -0.039
(0.029) (0.102) (0.040) (0.022) (0.026) (0.0448)
Labor force -6.190%** 0.990 0.623 0.413* 2.928*** -1.091*
(0.391) (0.937) (0.665) (0.237) (0.235) (0.7861)
Degrees of Freedom 57 71 28 100 43 85
Observations: 65 79 36 108 51 93
R? 0.9408 0.9930 0.9857 0.9912 0.9502 0.9923

Note: ***, ** * significance levels of 1%, 5%, and 10% respectively. Data in parentheses in the above table are standard error values.
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When the critical level urban population is below the threshold of 3.21%, the impact of the
estimated coefficient of renewable energy consumption transition is -0.096, and the effect on
sustainable growth in South Asia is positive and statistically significant at a 1% level. However, when
the critical level of urban population exceeds the threshold of 3.21%, the impact of the estimated
coefficient of renewable energy consumption transition changes to -0.0076, but is not statistically
significant. Consequently, Hypothesis 4 is confirmed.

5. Conclusions

In conclusion, this article investigates the asymmetric effect of renewable energy on sustainable
economic growth in six South Asian countries, using panel data analysis over the period 2000-2023.
Using panel data and the threshold regression analysis as an empirical strategy, we have found
overwhelming evidence to support and respond to the fundamental testable research hypotheses in
this article.

To achieve the SDGs in the pursuit of inclusive and sustainable economic growth in South Asian
countries, through transition to renewable energy often results not without certain economic cost
implications. Rarely, an enhanced transition to renewable energy may likely result in a negative
impact on these economies when some fundamental growth indicators are below a certain threshold,
as predicted from the outcome of this article.

The policy implications of accelerated transition to renewable energy, promoting sustained
growth, the GCF, trade, and FDI shares of gross domestic product will be maintained at least above
certain thresholds. Considering the findings from this article, we believe that promoting investment
in GCF, trade, and FDI would have a positive impact on the region in the long run. In the short run,
revisiting some of the existing policies could possibly distort the optimal allocation of resources to
achieve its desired SDGs trajectory before the deadline, 2030.

Future research direction should focus on other fundamental factors that could likely promote
sustained transition to renewable energy transformation. Given considerable concern on exploring
the asymmetric impact of CO2 emissions, access to clean energy, FDI, and trade in the nexus between
renewable energy transition and inclusive economic growth in South Asian countries beyond will be
a significant topic for future research.
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Abbreviations

The following abbreviations are used in this manuscript:
SDGs Sustainable Development Goals

BRICS Brazil, Russia, India, China, and South Africa
ARDL Autoregressive distributed lag

IEA International Energy Agency
STIRPAT  Stochastic Impacts by Regression on Population, Affluence, and Technology

Appendix A
Appendix A.1

Table Al. Data definition and source.

Variables Symbols Definition Source

Economic growth sustainability Annual % growth rate of GDP constant 2015 WDI

Renewable energy consumption is the share of W]

Renewable energy energy  renewable energy in total final energy

consumption .
consumption.
A 1 fuel hnologies f
Access to clean energy access coess t?) clean e and technologies for WDI
cooking (% of population)
. .. Carbon dioxide (CO2) emissions (total) WDI
CO2 emissions emissions . ding LULUCF (Mt CO2e)
Urbanization urban Urban population (% of people living in urban
areas)
Trade openness trade Trade (% of GDP) WDI
Foreign direct investment fdi Net inflows (% of GDP) WDI
Gross capital formation gcf Gross capital formation (% of GDP) WDI
Labor force labor  Labor force participation rate, total (% WDI
of total population ages 15-64)
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