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Abstract: In selected South Asian countries, the study intends to investigate the relationship between
urban population (UP), carbon dioxide (CO2), trade openness (TO), gross domestic product (GDP),
foreign direct investment (FDI), and renewable energy (RE). Fully modified ordinary least square
(FMOLS) and dynamic ordinary least square (DOLS) models for estimation were used in the study,
which covered yearly data from 1990 to 2019. We used Levin–Lin–Chu, Im–Pesaran–Shin, and Fisher
PP tests for the stationarity of the variables. The outcomes of the panel cointegration approach
looked at whether there was a long-run equilibrium nexus between selected variables in Pakistan,
Bangladesh, India, and Sri Lanka. The FMOLS approach was also used to assess the relationship, and
the results suggest that there is a significant and negative nexus between FDI and renewable energy
in south Asian nations. The study’s findings reveal a strong and favorable relationship between GDP
and renewable energy use. In South Asian nations (Sri Lanka, Pakistan, India, and Bangladesh),
the FMOLS and DOLS findings are nearly identical, but the authors used the DOLS model for
robustification. According to the findings, policymakers in South Asian economies (Sri Lanka,
Pakistan, India, and Bangladesh) should view GDP and FDI as fundamental policy instruments
for environmental sustainability. To reduce reliance on hazardous energy sources, the government
should also reassure financial sectors to participate in renewable energy.

Keywords: renewable energy; trade openness; FDI; gross domestic product

1. Introduction

Energy plays a crucial role in fulfilling many basic human requirements and promot-
ing the manufacturing, transport, and agricultural activities that contribute to economic
growth [1,2]. A nation’s economic development depends on a continuous supply of en-
ergy to meet all required demands. Energy efficiency and government energy policy
must encourage energy security that plays a key role in maintaining a country’s economic
growth [3,4]. Due to climate change, governments have gradually realized that they cannot
proceed with energy business as usual (BaU). Therefore, they are designing policies that
leverage renewable energy sources. Implementing these policies is not difficult since the
region is blessed with a vast potential of producing massive amounts of electricity. South
Asia is classified as a region having the lowest per capita consumption of energy. South
Asian countries generate less than 50 percent of their potential available electricity [4].
Progress has been sluggish and slow in the region with respect to regional economic
integration, and investment issues have not yet been addressed.

Consequently, South Asian countries have yet to fulfill their potential fully to at-
tract regional FDI, particularly intraregional FDI. Strong economic growth has generated
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momentum for regional integration in the leading economies in the subregion since the
mid-2000s. South Asian economies have gradually understood that regional integration is
instrumental in improving the business and investment environment [5]. The investment
agenda might be critical to regional incorporation and, in particular, the formation of a
regional investment field (UNCTAD, 2013). To overcome the global warming problem,
the usage of renewable energy, for example, solar power, wind, biomass, hydroelectricity,
etc. is emphasized. Global warming is generally recognized as a significant challenge to
humankind’s potential well-being. Despite the target of higher renewable energy usage,
the plan for using sustainable energy to avoid environmental pollution may be undermined
by the decline of RE used in the particular four South Asian countries. The 13th South
Asian Regional Cooperation Association (SAARC) Summit sanctioned the establishing
of the SAARC Energy Center (SEC) at Islamabad in 2005, emphasizing the vital part that
power serves in socioeconomic development. By establishing coordinated policies and
coordination, the SEC is now obligated to strengthen energy capacity in its member nations.
The SEC can also be a driver for economic development by developing regional capabilities.
The leadership of the SAARC Energy Center (SEC) is collaborating to tackle the regional
problems of energy.

South Asian countries are listed among the economically fast-growing countries in
the world. The region experienced relatively high population growth, especially among
the middle class with a substantial increase in prime energy usage and increased per capita
income. The South Asian Regional Cooperation Association (SAARC) represents eight
member countries, with a 4.21% share of the global GDP, i.e., USD 3.31 trillion [6,7]. The
region has 24% of the world’s population, which is over 1.5 billion. The critical energy
usage of South Asian countries is changing dramatically in terms of volume and mix. Each
country has different goals, depending on energy accessibility, economic and business
viability, the key geopolitical scenario, the degree of power sector commerce, and the
technology accessible for energy surveys. It has also been reported that diesel-powered
automobile sales have increased from 4% to 11% in recent years. In emerging countries,
energy reserves are fast depleting [8]. Using quarterly data for Indonesia from 1975Q1
to 2011Q4, Shahbaz et al. (2013) investigate the links between wealth creation, power
usage, economic development, commerce transparency, and carbon footprint. According
to the findings, economic development and power usage boost CO2 emissions, making
them more compatible with economic development and commerce openness. The vector
error correction model (VECM) verified the hypothesis of bidirectional causation between
energy consumption and greenhouse gases, as well as the link between EG and air pollution.
Carbon emissions are caused by financial expansion.

FDI can play a curial role in a country’s economic growth by providing high technol-
ogy, capital, and employment opportunity [9]. In the past, scholars focused more on FDI to
determine its influence on economic growth [10–16]. However, recent studies focus on the
importance of renewable energy consumption. This issue has been deliberated in advanced
economies such as the USA, UK, Canada, France, but it has remained least researched in
South Asian countries [10,13,14,17]. According to the China Global Investment Tracker
(CGIT), renewable energy accounts for the vast majority of FDI in South Asia. Most of
the FDI in South Asian countries consists of investment in energy sectors. Therefore, the
pros and cons of FDI must still need a serious concern. Extant literature has discussed
the association between renewable energy, quality of life, climate changes, sustainable
development, and economic growth [18–20]. Despite this, none of them looks at the link
between FDI, renewable energy, and economic growth. Even the geographical gap is
noticeable. Only a few studies are reported but with a limited scope, such as Naz et al.
(2019) and Fan and Hao (2020) [21,22].

This research work has a number of contributions. First, it is comprehensive and is
different in several ways from previous studies conducted in South Asian countries. Due
to mixed study evidence, the influence of foreign direct investment on renewable energy
usage is still a huge phenomenon across the world. The reason for these contradictory
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results could be that most of the prior literature did not look at the effect of FDI on fuel
efficiency across random samples. As a result, the researchers add to and supplement the
current literature in the issues outlined below. From the perspective of a few South Asian
countries, this research examines the impact of FDI on energy intensity. Moreover, the
study explores the channels of the effect of foreign direct investment on renewables usage.
Furthermore, the researchers intend to employ the panel FMOLS and DOLS models to
reveal the nonlinear mechanism of FDI on renewable energy consumption (REC), enriching
the theoretical research on REC.

Second, this study examines the relationship of the urban population, CO2, trade
openness, GDP, FDI, and renewable energy consumption in Bangladesh, India, Sri Lanka,
and Pakistan using dynamic panel data from 1990 to 2019. The study treats the data under
a panel setup. The following section is arranged as follows. The Section 2 contains a
short literature review. The model specification and methodology are described in the
Section 3. The empirical results are discussed in the Section 4. The paper’s Section 5 is
discussion of the results. Furthermore, the sixth section concluded with a conclusion and
policy implications. Objectives of the Study

(1) To investigate the impact of FDI on renewable energy consumption;
(2) To investigate the impact of trade openness on renewable energy consumption;
(3) To investigate the impact of GDP growth on renewable energy consumption;
(4) To investigate the impact of the urban population on renewable energy consumption;
(5) To investigate the impact of CO2 on renewable energy consumption.

2. Literature Review

The study examines the relations among determinants of renewable energy using
econometric tools. Due to the easy availability of data, the early studies focused mainly
on developed countries than developing countries [23]. Those studies aimed to create
a relationship between the environment and the economy both for the short and long
term. For instance, by creating a set of growth variables, Shahbaz et al. (2012) from
1971 to 2011, investigate the relationship between economic growth and energy usage in
China [24]. In his causality investigation, Granger reveals unidirectional causation between
economic growth on power usage, as well as bidirectional causation between trade and
energy consumption.

Kumaran et al. (2020) examine the factors that influence renewable energy consump-
tion in ASEAN countries, including GDP, CO2 emissions, FDI, trade transparency, urban
sprawl, and governance performance [7]. The results of long-term elasticities revealed
that the use of FMOLS and DOLS found a strong positive influence on renewable power.
The long-lasting elasticity findings indicate the significant negative impact of GDP and
free trade on renewables, while FDI is not essential for the use of renewables. Hossain
(2015) explores the complex causal relations for three SAARC countries, in the period
1976–2009, between the economic growth, consumption of electricity, export values, and
send-offs [25]. The result indicates two-way causal interactions between economic growth
and export prices, but there is no proof of long-term causality relations since no evidence
of this was found.

Similarly, Mudakkar, et al. (2013) explore the causal connection between power
usage, industrialization, destruction of the atmosphere, and depletion of resources (i.e.,
lack of minerals) [26]. The findings show that unidirectional causation exists between
renewables and industrial GDP, green technology and water resources, and renewable
energy and air pollution, but not the other way around. Even there is a variation in the
previous studies [27–30]. Moreover, Granger’s electricity consumption induces GDP for
agriculture, but not elsewhere, and the bidirectional trigger is present in Pakistan for
electricity consumption and population density. The Granger fossil fuel delivers industrial
GDP, and the causes of fossil fuel are bidirectional to population density.

Alper and Oguz (2016) reveal that the most vital characteristics of green power are
lower air pollution, help to save the atmosphere, decrease in reliance on overseas resources



Energies 2021, 14, 3470 4 of 15

for domestic energy sources, and more jobs [31]. Energy is crucial to a country’s economy.
Zhang (2017) claims that developing nations are transitioning from traditional energy use
to RE resources to counter the potential adverse environmental hazardous effects of fossil
energy [32]. Chen et al. (2020) point out that the improvement in the economy significantly
contributes to the use of renewable energy [33].

Using the autoregressive distributed lag (ARDL) and error correction (ECM) models,
Zhoa and Lou (2016) find that in the long run, renewable energy consumption increases
the GDP per capita [34]. Per capita income is employed to build green technologies that
could further raise renewable energy consumption [35,36]. In contrast, Akar and Prof
(2016) point out that GDP had a negative influence on the use of renewable energy in the
Balkans between 1998 and 2011, using panel unit root tests and system generalized method
of moment estimate [37]. According to Omri and Nguyen (2015), there is no relationship
between EG and the use of RE in low-income countries and the world since GDP has no
importance for the consumption of renewable energy. They examine factors of renewable
energy in the sample of 64 countries from 1990 to 2011 [38].

The impact of trade openness on renewable energy consumption has been shown
to be statically important. Openness to trade positively contributes towards technology
transfer and helps nations to accept and adopt modern technologies for renewable energy
infrastructure. Moreover, it enhances domestic economic activities. Akar’s (2016) report
shows that trade openness had a positive effect on the consumption of RE in the Balkans
between 1998 and 2011 [37]. Similarly, Chen (2018) notes that trade significantly influences
China’s energy consumption [39,40]. Exports will cause further renewable energy pro-
duction because the rise in the number of exports would stimulate the consumption of
renewable energy [41], subsequently increasing demands for the supply of more power
and renewable energy from external sources.

Past studies have concentrated mainly on the monetary impact of FDI and its influence
on the environment. Doytch and Narayan (2016) report FDI as an essential determinant of
the growth of sustainable use of energy for upper-middle-income countries (UMICs) [42].
In contrast, the effect of sectoral FDI on lower center wage nations (LMICs) is minor.
On the other hand, no evidence exists for a statistically significant association between
FDI inflows and the use of renewable energy [43]. There have been many studies that
examined the association between urbanization and renewable energy use. Chen (2018)
claims urbanization positively impacts renewable energy consumption, particularly in
highly urbanized areas. Under the study of 30 selected provinces from 1996 to 2013 in
China, he applied a dynamic system-GMM panel model [39]. Corruption has been found
to be the main barrier to the creation of renewable energy sources [16]. Corruption exploits
the public fund and hinders the phase of public funding.

Many recent studies (e.g., Khan et al., 2014) focused on globalization, economic
development, and power usage, emphasizing the importance of FDI in globalization and
economic development [44]. There is a mix of evidence that FDI has an impact on energy
consumption. For example, a study Goldemberg supports the link between FDI and energy
savings [45]. They also acknowledge the technological innovation in developed countries to
reduce overall usage, though the study’s small sample size of 20 countries and study period
of 1970–80 may be a limitation. In the fixed-effect approach of the panel data model, Hübler
and Keller (2010) find no evidence of a connection between FDI and GDP. The current study
contends that adjusting for endogeneity with a dynamic panel approach enhances the
results. To account for the proposed technique/technology better, the study also suggests
evaluating differential effects on renewable and nonrenewable resources [46]. With the FDI
hypothesis, Sadorsky (2010) is unable to prove the energy-saving relationship [47].

Using GMM methodologies, the author examines the influence of stock market growth
and FDI on power usage in a panel of 22 emerging nations. Financial gain has a statistically
significant influence on stock market capitalization, stock value swapped, and the turnover
ratio on energy demand, according to Sadorsky, whereas FDI has no effect. Chang (2015)
widens this survey to include nonlinear analysis, and the findings are similar to those
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reported by Sadorsky for a sample of 53 countries. Sadorsky repeated the survey in nine
central and eastern European economies in 2011 [48]. There was a favorable effect of FDI
on the energy usage country’s panel after adding banking variables. Coban and Topcu
(2013) used a system GMM estimator to assess the impact of economic development on
power usage in EU27 countries and found similar results [49]. The authors aggregated
FDI as part of some model specifications in the study, which focused on the stock market
and bank system development. Similar to Sadorsky [50], Alam [51] show a considerable
positive effect of FDI on energy use. In the majority of situations, according to the few
country-specific studies that incorporate FDI in their power use, FDI reduces renewables
utilization. In South Africa and Malaysia, Dube (2009) and Foon Tang (2009) [52,53] show a
cointegrated relationship between energy usage and FDI, respectively, while according to
He et al. (2012), FDI and power consumption have reciprocal impacts [53].

Furthermore, in Thailand, Malaysia, and Indonesia, Alshamsi and Azam, (2015)
examine that FDI and GDP have a significant connection [54]. The differences in the
relation between FDI and energy intensity in different geographic locations indicate that
regions have different abilities to absorb and gain environmental spillovers. To analyze
the relationship between FDI, green power use, free trade, and greenhouse gases. The
disparities in previous research on the influence of FDI on renewable power usage may be
due to different samples used in other conditions. As a result, this research contributes to
the existing literature by investigating the impact of FDI on renewable energy consumption
in selected South Asian countries.

For the period 1990–2011, Atiaoui et al. (2017) look at the impact of per capita carbon
footprint and per capita GDP on RE consumption in 22 African countries, using the fuel
renewable energy ratio of total energy and the autoregressive distribution-pooled average
category [55]. They find that REC does not significantly affect GDP, although the negative
impact of CO2 emissions on REC is positive. In contrast, Sadorsky (2009a) notes that higher
per capita real GDP contributes to greater per capita REC in the G7 countries [56]. A rise
in oil prices is less significant but negative, while CO2 emissions are positively impacted.
In another survey, RE consumption per capita for 18 emergent economies note the same
positive influence from GDP per capita [53]. For a panel of 64 nations, Omri et al. (2015)
find the same impact of actual GDP per capita on energy consumption per capita [57].
They also show that trade openness promotes the REC per capita, despite the fact that the
short-term and long-term causality between trade and the REC has yet to be proven [58].
Financial openness and free trade, according to Rasoulinezhad and Saboori (2018), have a
positive effect on renewables consumption [59]. Marques and Fuinhas (2012) have noted
that there seems to be a difference between the country and time of study regarding RE use
and EG [60]. They contend that the omitted variable bias may contribute to the fact that the
analysis does not involve the simultaneous use of fossil fuels. Therefore, this study does
not include the major countries that produce oil and export, for instance, Nigeria, Angola,
and Algeria in the African region.

3. Research Methodology
3.1. Data

This study examines the nexus between UP, CO2, trade openness, GDP, FDI, and
renewable energy consumption (REC) in selected South Asian nations, using dynamic
panel data from 1990 to 2019. Renewable energy consumption is a dependent variable
measured as a percentage of total final energy consumption. In contrast, foreign direct
investment (FDI) is the net inflow (% GDP), gross domestic product (GDP) is economic
growth, Trade openness (TO) means exports plus imports/GDP, carbon dioxide (CO2) is
calculated as a metric ton per capita, and urban population (UP) growth (annual %) are
independent variables. The research data for this article are collected from the “World Bank
Development Indicators” for the following four economies: Pakistan, India, Sri Lanka,
and Bangladesh. The remaining South Asian countries have no longer a long set of data.
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Table 1 is measurement of variables used in this study. The details about all variables is
mentioned bellow.

Table 1. Measurement of Variables.

Variable Description Type Measurement Technique and Proxy

RE Renewable Energy Consumption DV % of total final energy consumption
FDI Foreign Direct Investment IV Net inflow a % of GDP
UP Urban population IV Urban population growth (annual %)
TO Trade openness IV Exports + imports/GDP

CO2 Carbon dioxide IV (metric tonnes per capita)
GDP Gross domestic product IV Gross domestic product

3.2. Methodology

This study contributed to the consideration that it incorporates for the first-time urban
population as a factor of REC in the four target countries of South Asia. The link between
urban population (UP) and renewable energy consumption (REC) has not been explored
in South Asian countries in prior studies. However, in this analysis, the authors examine
the influence of the urban population, CO2, trade openness, GDP, FDI of an economy on
renewable energy consumption in the short and long term in South Asian countries. The
data are analyzed using econometric tools such as descriptive statistics, stationarity tests,
FMOLS model, and cointegration tests. For robustification, the authors also employ the
DOLS model to explore the association. The study employs Pedroni tests and KAO tests
for cointegration, while the Panel unit test (IPS), LLC, and Fisher PP are used to check
either the variables are classified as I (1). The study continues with panel cointegration
tests if all variables are stationary at the initial difference. The method applied in the paper
is not subject to any endogeneity issue [61,62].

The association can be expressed in the following manner:

RE = f (FDI, CO2, GDP, UP, TO) (1)

In regression form,

Y(RE) = α + β 1(FDI) + β 2(CO2) + β 3(GDP) + β 4(UP) + β 3(TO) + ε (2)

where β 1, β 2, β 3 all indicate coefficients, and ε is the residual. Similarly, REC means
renewable energy consumption, FDI represents foreign direct investment, TO is trade
openness, UP means urbanization population, GDP is a gross domestic product, and CO2
means carbon dioxide.

First of all, it is vital to know the unit root order for cointegration panel testing in the
sequence. Cointegration panel testing can only be conducted between a series of the same
integration order. Secondly, if the presence of panel cointegration is not confirmed, the
unit-based order of the series is necessary to eliminate fake regression hazards. In this case,
unit root test results help transform the series by first or second variations in stationary
form. Alternatively, the use of not cointegrated nonstationary series would contribute
to the estimation of biased coefficients. In order to describe the step-by-step methods of
FMOLS and DOLS, it is very important to check the stationarity of variables and convert
them into the first difference, which gives room to check panel cointegration tests. After
confirming cointegration between variables, the next step is to employ FMOLS and DOLS
to check the long-run nexus. The entire process is explained step by step below.

3.3. Stationarity Tests

Panel unit tests such as (Levin et al., 2002) [63], (Im et al., 2003) [64], Fisher ADF,
and Fisher PP tests are used to determine whether the variables are stationary (1). The
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investigation will continue with panel cointegration tests if all of the variables are stationary
at the first difference.

∆Y i = αi + ρi yi, t, 1 ++∑pi
j=1 βij∆ Yi, t, j + εit (3)

where i = 1, . . . , N and t = 1, . . . , T.
Unit root tests are separately utilized for total cross-section units through IPS. Their

test is found on the averaged statistics of augmented Dickey–Fuller (ADF) in the groups.
After investigating ADF regressions individually, the mean of t-statistics for P1 from each
augmented Dicky–Fuller regressions tiTi (Pi).

t NT =
1
N ∑N

i=1 tiT(Piβi) (4)

The t-bar is then normalized, and as N and T both go to infinity, it reverts to the
standard normal distribution. The t-bar test, according to Im et al. (2014) [65], performs
better than other tests when N and T are less in the panel model. They proposed a cross-
sectional type of both tests for estimating panel unit root, which is used in the case of errors
in diverse regressions that contain a unit time-specific component.

3.4. Panel Cointegration Tests

Unless the separation of two nonstationary series, the combination could be stationary.
“Economically speaking, two variables will be co-integrated if they have a long-term or
equilibrium relationship between them” [66]. Panel unit root tests are used to examine
whether the sequence is stationary or nonstationary, which is the standard method to start.
Cointegration analyzes if the research will continue with the analysis after the presenta-
tion of the methodology. In the nonstationary case, the series is not mean reversing, i.e.,
the character does not die of a shock (innovation). It is defined as the long memory of
the nonstationary sequence [67]. The linear combinations of nonstationary series may
cause spurious regressions to be estimated, with the estimated coefficients partially calcu-
lated [66]. In this context, it is essential in two aspects to define the presence and order of
nonstationarity (unit root). First, it is important to know the unit root order for panel cointe-
gration testing in the sequence. Cointegration panel testing can only be performed between
a series of the same integration order. Secondly, if the presence of panel cointegration is
not confirmed, the unit-based order of the series is necessary to eliminate fake regression
hazards. In this case, unit root test results are helpful in transforming the series by taking
first or second variations in stationary form. Alternatively, the use of not cointegrated
nonstationary series would contribute to the estimate of spurious coefficients. To analyze
the long-run link, this study uses two tests—the Padroni test and the Kao test.

• H0: No cointegration exists;
• H1: Cointegration exists.

If the above tests confirm that cointegration exists among the variables, this study will
use the panel FMOLS and DOLS models.

3.5. Panel Full Modified OLS

After finding long-term relationships among the panel set, the size and sign of these
relationships have to be assessed. In other words, only the presence of long-term relations
between eight models is verified by the cointegration analysis. To allow definitions and
correlations, quantitative values are essential. The OLS (fixed-effect estimator) and dynamic
OLS approaches are defined as parametric approaches in the estimation literature on tables.
In contrast, the OLS approach is not a parametric approach for a fully modified (FM) model.
There has been no consensus among researchers in the panel root and cointegration tests
as to which method of investigation is less biological and robust coefficients and works
better. For instance, (Kao and Chaing, 2000) [68] explored that FMOLS might be more
partial than DOLS, for more than 60 observations, and Benerjee (1999) [69] concluded that
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FMOLS or DOLS are equivalent asymptotically. In this analysis, the FMOLS and DOLS
approaches introduced by Pedroni (2000) [70] are used to resolve this deficiency. FMOLS
and DOLS approaches are established after the series that has a long-run relation through
the least square method, which shows deviated results. The process FMOLS corrects the
problems of autocorrelation and endogeneity by a nonparametric approach, while the
autocorrelation is removed in the DOLS method.

FMOLS Pedroni’s method is constructed as follows:

β̂ FM β = ∑N
i=1 Ω̂ 22

2
i ∑T

t=1 (x it x̂ t) 2 ∑N
i=1 Ω̂

11i 1 Ω̂ 22i
1 ∑T

t=1
(

xit xt
)

eit T γ̂ i (5)

ê it = e it Ω̂ 22
1 Ω̂ 21i, γ̂ i = Γ̂ 22i + Ω̂ 22i

0 Ω̂ 21i
0 Ω̂ 21i

(
Γ̂ 22i + Ω̂ 22i

0
)

(6)

The covariance matrix can be broken down as Ω̂ 1 = Ω̂ 1 + Γ̂ i + Γ̂ i, where Ω̂ 0 is the
concurrent covariance matrix and Γ̂ i is a weighted summation of autocovariance. The Ω̂ i

0

denotes suitable estimator of Ω̂ i
0.

There may be some drawbacks of these methods, which are required to be mentioned.
To assess the presence of unit root, the tests to define first-generation unit root should be
performed first. However, in the case of cross-section dependency, first-generation tests
fail. In that case, second-generation unit root tests such as SURADF, CADF, and CIPS must
be run, while Wester Lund panel cointegration tests are used for cointegration because
Pedroni and Kao tests have failed and cannot capture the long-run association between
variables. Cross-sectional dependence can be implemented in sense of linear panel. In
economics, it means that in a situation where there is an economic shock, the associated
goods and services are also affected.

3.6. Sample and Population

A population is the total number of observations available in any setting for the
research or investigation. The population in this study are all south Asian countries. The
study applied a random sampling technique for the data collection. The study sample
includes four countries, i.e., Pakistan, India, Bangladesh, and Sri Lanka.

4. Data Estimation
4.1. Descriptive Statistics

Before statistical analysis of panel data, the selected variables are subjected to a
thorough statistical examination. The authors observe (Table 2) that renewable energy in
these countries during 1990 and 2014 ranges from the maximum and minimum of 70.76032
and 23.31428, respectively, with an average of 46.59536 and standard deviation of 9.730805.
Further, GDP ranges from 10.22000 to 0.100000, with values of mean and standard deviation
being 4.003253 and 2.586282, respectively. The mean value for the urban population is
2.574191, with a standard deviation of 1.161469. FDI has the lowest standard deviation
value of 0.727059 along with variables of urban population and CO2. Moreover, the trade
openness (TO) variable has the highest standard deviation of 17.46902, with a range value
from a minimum of 15.50626 to a maximum of 88.63644.

Table 2. Descriptive Statistics.

Variables RE GDP FDI TO UP CO2

Mean 46.59536 4.003253 1.049769 42.18294 2.574191 1.545186
Median 46.51812 4.506408 0.913475 37.74869 2.728053 0.740280

Maximum 70.76032 10.22000 3.668323 88.63644 4.887500 7.135673
Minimum 23.31428 0.100000 0.004491 15.50626 0.046587 0.123995
Std. Dev. 9.730805 2.586282 0.727059 17.46902 1.161469 1.839591
Skewness −0.172080 0.059970 1.228133 0.936492 −0.500799 1.665012
Kurtosis 3.379931 1.993660 5.193968 3.009211 2.259644 4.650763

Jarque-Bera 1.313972
0.518411

5.135527
0.076707

54.23369
0.000000

17.54079
0.000155

7.756621
0.020686

69.07043
0.000000
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4.2. Results of Panel Unit Root

It is critical to determine the order in which selected variables are integrated. For this
purpose, three different tests have been applied that are LLC, Fisher PP, and IPS. These
tests reveal that RE, CO2, GDP, UP, TO, and FDI are not stationary at the level of 5% level of
significant. Table 3 is the details information about results of Panel Unit Root However, at
a 5% significance level, all of the indicated variables become stationary while transforming
into the first difference. As all of the series are nonstationary at the level but become
stationary in the first difference, the Pedroni test for cointegration may be used. We also
use the Kao test to check the cointegration of the variables for robustness.

Table 3. Results of Panel Unit Root.

Variables
l(0) I(1)

LLC IPS PPF LLC IPS PPF

RE
−1.88302 −0.13504 6.03117 −6.29743 −4.31566 72.9788
−0.1298 −0.4463 −0.6437 0 0 0

GDP
−1.29256 −1.26925 12.5698 −10.2861 −10.0257 98.7446
−0.0981 −0.1022 −0.1275 0 0 0

FDI
−2.34333 −3.93556 31.4435 −7.24142 −8.34691 −7.86036
−0.0796 −0.0621 −0.0601 0 0 0

TO
−0.47042 0.23821 5.47797 −7.97700 −7.30568 −6.42491
−0.319 −0.5941 −0.7055 0 0 0

UP
−1.00713 −0.25290 9.00348 −4.23632 −5.25556 32.6778
−0.1569 −0.4002 −0.342 0 0 −0.0001

CO2
−0.28429 −0.63235 8.42147 −6.48526 −7.57734 64.8688
−0.3881 −0.2636 −0.3934 0 0 0

4.3. Cointegration Analysis

After panel unit root tests, approaches to cointegration are used to identify the long-
run association among RE and GDP, FDI, TO, UP, and CO2 please see Table 4. Hence, for
this aim, the authors apply the Padroni (1999), and Kao (1999) approaches. In the case
of all variables being stationary on the first difference, Padroni and KAO cointegration
approaches are performed. The cointegration approach discovered by Padroni (1999)
computes five within-group and one between-group cointegration statistics. The details
of these tests can be found in Tables 5 and 6. According to the Padroni technique result,
the majority of the tests do not accept the null hypotheses of no cointegration and describe
a long-run association amid RE and other underlying variables. The Kao test reconfirms
this result. The Kao test also discovers that RE and its determinants are associated in the
long run. To put it another way, it may be inferred that renewable energy consumption
has a long-term steady relationship with FDI, GDP, trade openness, urban population, and
CO2 emissions.

Table 4. Cointegration Analysis.

Pedroni Cointegration Approach

Statistic Prob. W. Statistic Prob.

Panel v-Statistic 1.903640 0.0285 2.121021 0.0170
Panel-rho-Statistic 2.532403 0.9943 2.205644 0.9863
Panel-PP-Statistic 0.304246 0.6195 0.283811 0.0117

Panel-ADF-Statistic −2.093958 0.0181 −1.812900 0.0349
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Table 5. Group Statistics.

Group Statistics

Statistic Prob.

Group-rho-Statistic 2.915081 0.9982
Group-PP-Statistic −0.293229 0.3847

Group-ADF-Statistic −2.129853 0.0166

Table 6. Kao-Residual Cointegration Approach.

Kao-Residual Cointegration Approach

T-Statistic Prob.

ADF −2.028686 0.0212

4.4. FMOLS and Panel Dynamic Least Squares Results

The results, according to FMOLS and DOLS findings, are congruent with the findings
of (Muhammad Adnan Hye and Riaz, 2008) [71] and (Atif and Siddiqi, 2012) [72]. Con-
sequently, the Carbon emission coefficient is 9.629, which is quite substantial at the 1%
level. Table 7 shows FMOLS results with dependent variable as a (RE). This suggests that
a 1% upsurge in carbon footprint leads to a 9.629 percent rise in green power use, both
directly and indirectly. The model suggests a positive GDP coefficient, and two models
have shown that there is a significant connection between EG and RE in selected South
Asian nations. As these nations are not overly reliant on polluting types of energy, such as
coal and fossil fuels, their recent experience of significant economic growth may lead to
a surge in RE usage. The model shows that the population has a positive and significant
nexus. This means that a one percent upsurge in urban population increases RE by 15.21%
and is in line with the findings of the previous studies [73–75]. The conclusion of the
same model also shows that there exists a negative and momentous nexus with renewable
energy at the 5% level. One percent upsurge in FDI would decrease renewable energy
by −3.36%. On the other hand, there is an insignificant nexus of trade openness with
renewable energy consumption. The FMOLS and DOLS results match to a great extent
in the case of South Asian countries. In other words, both FMOLS and DOLS provide
the same results concerning coefficient signs as well as significance in the case of targeted
countries, please check Table 8 for more details.

Table 7. FMOLS Table.

Method: FMOLS Dependent Variable (RE)

Variable Coefficient Std. Error t-Statistic Prob.

TO −0.077492 0.084936 −0.912355 0.3636
FDI −3.368387 1.645419 −2.047131 0.0430
GDP 1.096072 0.068638 15.96884 0.0000
UP 15.21505 1.114481 13.65214 0.0000

CO2 9.629209 3.113386 3.092841 0.0251

Table 8. Panel Dynamic Least Squares (DOLS) Dependent Variable (RE).

Method: Panel Dynamic Least Squares (DOLS) Dependent Variable (RE)

Variable Coefficient Std. Error t-Statistic Prob.

TO −0.185748 0.347030 −0.535252 0.5942
FDI −9.873236 4.080039 −2.419888 0.0179
GDP 1.663811 0.868625 1.915454 0.0492
UP 9.786089 1.643643 5.953902 0.0000

CO2 32.91123 12.01647 2.738842 0.0077
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5. Discussion

Both FDI and renewable energy usage have a negative association. It could be because
FDI does have the potential to promote economic growth by facilitating technology inte-
gration and also some spillover effects and productivity gains. Technological innovations
and improved managerial skills could facilitate host countries in lowering their reliance on
renewable energy. According to the study, the South Asian region is a major producer of
fossil fuels, while the rest is a major importer. The positive effect of economic growth on
energy usage has been demonstrated. As a result, long-term growth in renewable energy
is implied as a result of economic growth. It shows a 1.096 percent increase in energy
consumption as a result of a 1% rise in economic growth. The findings of the current
study are consistent with Qazi and Riaz (2008) [71] and Atif and Siddiqi (2010) [72]. As
a result, the CO2 emissions coefficient is 9.62, which is highly significant at the 1% level.
According to the study, a 1% increase in CO2 emissions increases energy consumption by
9.62 percent, both directly and indirectly. CO2 emissions in the four South Asian nations
might lead to a greater level of renewable energy consumption if governments worldwide
impose taxes on fossil fuels to stimulate the development and usage of clean energy. The
relationship between urban population and energy consumption is strong, implying that
city people consume more energy than those who live in rural areas. It confirms a distinct
link between urbanization and renewable energy consumption. According to Worldometer
(2018) [76], the South Asian urban population was 49.25 percent in 2018 and is expected
to rise to 63.7 percent in 2050, indicating that policies to promote smart cities, solar infras-
tructure, and water consumption are needed. This policy is in line with one of the SDGs,
which emphasizes affordable, reliable, and modern energy access. According to FMOLS
and DOLS estimates, trade openness has a negative relationship with renewable energy
consumption. More trade openness in a few South Asian countries could help to reduce
reliance on polluting energy sources while also lowering demand for renewables.

6. Conclusions and Policy Recommendations

Global warming is currently a severe environmental problem, mainly due to green-
house gas emissions [77,78]. CO2 emissions differ from country to country in Asia. Coun-
tries should promote renewable energy sources to alleviate climate change [79]. This
research overviews the demand of energy scenario in selected South Asian nations and
finds that the use of nonfossil energy in these countries is growing. This research examines
the nexus between renewable energy and FDI, trade openness (TO), urban population (UP),
gross domestic product (GDP), and CO2 emissions. The stationarity of the variables was
checked through LLC Fisher–ADF and Fisher–PP tests [64].

In the context of selected South Asian nations (Sri Lanka, Pakistan, India, and
Bangladesh), the results of the panel cointegration model demonstrate the existence of
long-run nexus among the variables. To examine the relationship between the variables, the
FMOLS and DOLS methodologies were used. Our major findings from 1990 to 2019 reveal
that in South Asian nations, there is a strong and negative relationship between FDI and RE,
as well as a positive relationship between GDP and green energy usage. It is confirmed in
two models that the GDP growth of South Asian countries has a positive association with
RE consumption. Huge economic growth in these economies leads to an upsurge of RE
consumption as the countries do not rally on heavily polluted types of energy such as coal
and fossil fuels. Our study further finds that an upsurge in CO2 will raise RE consumption.
However, the study shows a positive effect of urban population on RE consumption, while
trade openness (TO) has a negative association with renewable energy consumption in the
South Asian selected economies. For robustification, we performed the DOLS model. The
FMOLS and DOLS results match to a great extent in the case of South Asian economies. In
other words, both FMOLS and DOLS show the same results concerning coefficient signs
as well as significance in the case of South Asian countries (Sri Lanka, Pakistan, India,
and Bangladesh).
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FDI injects funds into an economy to grow. A plethora of literature on the relationship
between FDI and energy use has been widely studied, but many questions need to be
answered. Foreign direct investment has an adverse upshot on RE demand, implying that
FDI decreases energy consumption in a number of South Asian countries. Technological
innovation and sharing, economic consequences, and productivity enlargement can all be
related to FDI as a source of economic development. Aside from that, new processes and
managerial skills could help host countries reduce their renewable energy consumption.
As a result of such policies, renewable energy consumption in South Asian countries has
increased. To begin, each country should implement policies that encourage FDI because it
promotes advanced technology and capital for innovation. Furthermore, efficient energy
consumption could help to reduce energy demand. Second, in order to make efficient use
of resources, south Asian countries should focus on technological innovation.

Based on the empirical evidence, we conclude some policy implications concerning
environmental objectives in the mentioned countries for policymakers. However, a new
dataset could be used, and the model of this paper may be estimated for developing
countries as future research. Moreover, the study can be employed on the developed and
developing countries concerning the relation among economic development, remittance,
RE in the form of renewable and fossil, FDI, and carbon emissions. One of the most
significant advantages of RE is considered that it does not release toxic gases. However,
it is indispensable that more money should be allocated for research and development
to innovate less expensive energy resources for the safety of the environment in selected
South Asian economies.

The policy ramifications of our findings are numerous. Governments all around the
globe can charge taxes on fossil fuels to encourage the use of green energy to the point
where the four South Asian countries’ carbon footprints lead to increased renewable energy
use. They may, for example, provide incentives and subsidies of R and D credits, close
to zero financing, and manufacturing tax credits to help renewable energy goods grow
faster. Global trade and commerce have an expressive influence on the spread of green
technologies in high-income nations, resulting in higher renewable energy consumption.
As a result, economic policies should emphasize the promotion of global international
commerce and the removal of trade barriers. Since trade openness could impede the use of
renewable electricity, policymakers should ensure that trade between South Asian countries
and trading partners includes the transfer or use of renewable energy technologies.

Furthermore, our findings help to stimulate the use of renewable electricity and
economic growth. It is critical for South Asian countries to develop economic policies that
promote robust growth. However, in future research, the consequences of various policy
actions can be carefully investigated.
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