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Abstract: Policymakers are looking at renewable energy as a substitute for traditional fossil fuels
due to the growing concern about climate change and sustainable development. However, in the
case of Asian countries, nothing is known about how ICT trade and financial globalization affect
renewable energy consumption. To fill this gap, we have gathered data across 24 Asian economies,
and a dynamic panel data approach known as GMM panel VAR is applied. The key outcomes of the
GMM panel VAR underscore that ICT trade, financial globalization, and GDP favorably impact the
current renewable energy consumption. Furthermore, the panel causality results indicate bidirectional
causality between ICT trade, financial globalization, and renewable energy consumption. These
findings have policy-relevant implications, highlighting the significance of financial liberalization
and ICT-enabled trade in promoting renewable energy usage in Asian nations.

Keywords: renewable energy; financial globalization; ICT trade; GMM panel VAR

1. Introduction

National development these days is largely dependent on the production and utiliza-
tion of energy. There are several measures used to estimate a country’s overall development,
and per capita energy utilization is one such measure. Two important aspects of energy are
its price and accessibility, which significantly influence the lifestyles and living standards
of the common public [1]. However, the deficiency of energy in a nation can be detrimental
to its industrial and economic progress. For a long time, non-renewable or conventional
energy sources, particularly coal and petroleum, have been the primary drivers of economic
performance [2]. Despite their significance in fueling the economic growth of nations, a
significant ecological price in the form of global warming and climate change is also at-
tached to the unsustainable use of these resources [3,4]. Therefore, nations need more
cost-effective, sustainable, and eco-friendly sources of energy to boost economic growth
without giving up on their environmental objectives [5]. Since renewable energy sources
require a huge sum of investment in their development stage, financial globalization and
digital trade are vital in fulfilling this need [6].

The world has experienced rapid economic expansion, financial opening up, and
capital stock build-up over the past 40 years due to numerous economic changes and
political shifts, a few of which continue to take place today [7]. Implementation of a green
energy strategy can be successful only if certain economic and technological problems are
overcome. When compared to conventional energy sources, one of the most significant
hurdles in the generation of renewable energy is its high initial cost [8]. Due to the difference
in the initial investment of both energy sources, it is not very attractive for public and
private investors to invest in renewable energy [9]. Financial liberalization may help
to overcome the financial hurdle and facilitate the generation of renewable energy by
promoting the pooling of funds from different countries of the world [10]. Consequently,
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the burden on public and private businesses will be reduced if they need support to fund
such projects. Financial liberalization facilitates the transfer of technology and expertise
from one nation to another, which fosters the development of renewable sources [11]. The
nexus between financial liberalization and renewable energy consumption can be expressed
through several mechanisms. Firstly, easy access to foreign capital and investments can
improve the flow of funds toward renewable energy ventures and infrastructure [12].
Secondly, financial liberalization can make it easier for countries to share technological
knowledge between them, ensuring the implementation of efficient and sophisticated
renewable energy options [13]. Thirdly, several factors such as market growth, trade
developments, and policy learning are significantly boosted by the process of financial
globalization [14]. In light of these mechanisms, we can state with certainty that financial
liberalization plays a critical role in boosting renewable energy development. Therefore, a
significant research question that has emerged in the contemporary era is whether financial
globalization has a significant role in affecting renewable energy consumption in Asian
economies and in which direction these effects move, i.e., positive or negative.

On the other hand, ICT trade encompasses the import and export of various ICT
products, including hardware, software, and services. The cross-border exchange of these
technologies plays a crucial role in shaping the technological infrastructure and capabilities
of nations, potentially influencing their energy consumption patterns [15]. As nations strive
to strike a balance between economic growth and environmental conservation, policymak-
ers face critical decisions regarding energy policies and trade regulations [16]. The literature
reveals that ICT trade can influence renewable energy consumption through several eco-
nomic mechanisms. Firstly, ICT trade involves the import and export of technology-related
goods and services, including renewable energy technologies. When countries engage in
ICT trade, they gain access to advanced renewable energy technologies developed by other
nations. This technological transfer and diffusion can accelerate the adoption of renewable
energy sources in importing countries, as they can leverage the knowledge and expertise
embedded in these technologies to enhance their renewable energy infrastructure [17]. Sec-
ondly, ICT trade leads to cost reductions in renewable energy technologies. When countries
trade ICT products, it fosters competition and increases efficiency in the ICT sector. As a
result, the cost of ICT components used in renewable energy systems, such as smart grids,
monitoring systems, and energy storage solutions, decreases. Lower costs make renew-
able energy more economically viable and competitive compared to conventional fossil
fuel-based energy sources [18]. Thirdly, ICT trade opens up new markets for renewable
energy technologies. When countries engage in ICT trade, they increase economic ties and
facilitate investment flows. This attracts foreign investments in the renewable energy sector,
leading to the development of new projects and the expansion of renewable energy capacity.
Lastly, ICT trade leads to the development of green supply chains for renewable energy
technologies. When countries integrate sustainability into their supply chain practices, it
enhances the environmental performance of the entire renewable energy sector, making it
more attractive to environmentally-conscious consumers and investors. In what ways does
ICT trade contribute to the growth of renewable energy?

There are various reasons for choosing Asia as the study area. Asia is the largest
continent in terms of population and area, and the biggest contributor to global GHG
discharges. Therefore, to protect the ecosystem, policy experts in the continent have
stressed increasing the utilization and production of alternative energy sources that are
green and clean. A report by the IRENA highlighted the development made by Asian
economies in promoting the use of renewable energy sources [19]. Indeed, China is the
largest CO2 emitter in the world, and it is also the biggest investor in renewable energy
technologies and infrastructure, such as hydro, wind, and solar projects [20]. After adoption
of an aggressive renewable energy policy, India has also increased its investment in the
development of renewable energy ventures [21]. Since the nuclear mishap at Fukushima,
policymakers in Japan have turned their attention toward increasing the generation of
renewable energy sources, particularly solar, wind, and biomass. Among the Southeast
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Asian economies, the most noticeable investments in renewable energy projects have been
made by Thailand, Vietnam, and the Philippines [22]. In general, the route adopted by these
nations to expand their energy mix and to reduce their dependence on traditional energy
sources includes ecological regulations, tax rebates, and renewable energy investments.
This trend of rising investment in renewable energy is an indication of a more sustainable
future for Asia in particular and the world in general. Given the significance of renewable
energy in creating a clean and green future for upcoming generations, Asia’s commitment
to enhance investment in the renewable energy sector in the whole region requires massive
support from the financial industry. Therefore, it is vital to estimate the role of financial
globalization and ICT trade in boosting renewable energy sources in the long-run and
whether these factors may enhance the reliance on imported fuels or foreign capital [4].

Contemporary empirical works have separately considered renewable energy con-
sumption and financial globalization in different contexts and overlooked the nexus be-
tween them [23,24]. The available works often overlook the varied economic, political,
and organizational arrangements of Asian economies in favor of focusing on global trends
or particular nations outside of Asia [25]. In addition, it is necessary to investigate how
financial globalization and ICT trade affect renewable energy consumption in Asian nations,
including the part played by financial regulations, capital flows, investment frameworks,
and access to global financial markets [26]. The research problem in this study revolves
around the influence of financial globalization and digital trade on renewable energy con-
sumption in Asia, which has not been studied in the previous literature. The existing
literature lacks a comprehensive exploration of how these two factors affect the utilization
and adoption of renewable energy sources in the Asian context. Previous studies have
primarily focused on either digital trade or financial globalization separately, without ex-
amining the simultaneous dynamics of financial globalization, digital trade, and renewable
energy consumption. Additionally, despite the Asian region’s fundamental role in global
sustainability efforts, prior studies have not explored how financial globalization and ICT
trade contribute to the shift toward renewable energy in Asia. Thus, the primary objective
of the current analysis is to examine the effect of financial globalization and digital trade on
renewable energy consumption in Asia.

Hence, this analysis aims to close the aforementioned loopholes in the available
empirical works. Some new additions of this analysis to the available empirical works are
as follows: First, there has never been any research on how financial globalization and ICT
trade affect the usage of renewable energy. Second, this is the first study to examine the
relationship between financial globalization, ICT trade, and renewable energy consumption
in Asia, despite the significance of Asia in the sustainable future of the world and its
progress in the renewable energy sector, ICT development, and financial sector. Third, an
additional value of this research is performing a regional analysis within Asia to address
the heterogeneity due to cultural and organizational diversities between countries situated
in different parts of the continent. Fourth, the key contribution of the study lies in its novel
approach of using the GMM-PVAR method to examine the nexus between the concerned
variables. The GMM-PVAR method is an advanced econometric technique that effectively
addresses issues related to endogeneity and potential biases in panel data analysis. The
GMM-PVAR results reveal that renewable energy consumption, financial globalization, ICT
trade, and GDP are favorably dependent on their past values. Furthermore, the past values
of financial globalization, ICT trade, and GDP positively impact the current renewable
energy consumption, while the lagged values of financial globalization, ICT trade, and
renewable energy consumption positively influence the current GDP value. The causality
tests indicate that the renewable energy consumption granger causes financial globalization,
ICT trade, and GDP. Similarly, the financial globalization, ICT trade, and GDP grangers
cause renewable energy consumption. Last but not least, empirical estimates from the study
will help in formulating useful policies to boost investment in green energy development
and improve the comprehension of the factors that stimulate sustainable energy transitions
in the region.
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The remaining portion of the study follows this structure: Section 2 delves into a
review of the related literature, and Section 3 encompasses the materials and methods.
Section 4 reports the empirical results and their interpretation, and Section 5 concludes the
study with limitations and policy implications.

2. Literature Review

The establishment of green energy innovations promotes sustainability in terms of
economic and ecological growth. As per the UN agenda (2030) for sustainable development,
the increased consumption of renewable energy is critical for achieving the objectives
of environmental and economic sustainability side by side. According to SDG 13 of
Climate Action, renewable energy significantly cuts carbon and other harmful emissions
by replacing energy sources that are carbon-intensive and dirty, and thus significantly
boosts environmental performance [4]. In addition, the adoption of renewable energy
technologies may help to achieve SDG 15 (Life on Land) by safeguarding ecosystems and
controlling environmental dilapidation throughout their use [4]. Another crucial factor
that must be considered is the accessibility and cost-effectiveness of energy. Promoting
renewable energy consumption may produce safe and continuous electricity to poor areas,
furthering SDG 7 (Affordable and Clean Energy) and leading to enhanced energy access
and reduced energy poverty. Further, the expansion of renewable energy technologies, as
per SDG 3 (Good Health and Well-Being), causes air pollution to drop, hence improving
people’s overall health [5]. Consequently, the development of the renewable energy sector
may control energy security risks, reduce the use of dirty energy, and boost environmental
quality by curbing the carbon footprint [6].

The effect of financial globalization and ICT trade on the proliferation of renewable
energy demand has not received sufficient consideration from empirical work, and the
dearth of research from academia makes it difficult to grasp how these determinants are
related. In the existing body of empirical evidence, different proxies have been used for
renewable energy, including renewable energy consumption/demand, renewable energy
production/investment, renewable energy technologies, etc., while different measures
related to the financial sector are used as regressors, such as financial development, financial
streams, and foreign direct investment [27].

Given the dearth of research looking at financial globalization as a potential predictor
of renewable energy consumption, it is necessary to use the closest analyses to examine
the pertinent literature and the linkage between the two variables. For example, Kim
and Park [28] looked at how financial growth affected renewable energy sources. The
authors used OLS to examine the nexus in 30 nations from 2000 to 2013. They came
to the conclusion that financial expansion encourages expenditures in clean energy by
lowering financing expenses and resolving difficulties with “moral hazard and adverse
selection”. This effect is particularly significant for more capital-intensive energies and
hence more reliant on outside money. Employing panel data from 137 nations, Best [29]
used numerous variables related to finance to support the claim that financial capital
aids in transitioning to a more expensive form of energy. Furthermore, his empirical
results showed that, in advanced economies, switching from energy means powered by
fossil fuels to contemporary renewable energy means (particularly wind) is simplified
by an elevated degree of financial resources. Bank private credit and domestic private
debt securities provide extra financing for wind energy. Likewise, to this point, Ji and
Zhang [30] investigated the stock market data of China from 1990 to 2014. According to
their research, financial development has a significant role and accounts for about 42% of
the unpredictability in green energy.

Additionally, Anton and Nucu [31] carefully examined how financial development
affected clean energy demand for 28 EU member states. Their study of the fixed effect
panel data showed that financial growth had a favorable influence on renewable energy
demand. Additionally, they discovered that the growth of the financial markets had no
effect on renewable energy in new European countries. From 2004 to 2014, Mazzucato and
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Semieniuk [32] examined the effects of public and private finance on renewable energy
initiatives in China, Kenya, Spain, the U.S., and Kenya. Despite the fact that both sources
looked to be important, the authors advised that a more precise differentiation between
financing providers would be necessary to properly comprehend their significance. The
research also noted that funding from public investors had become a more important factor
for advancement of clean energy technologies in rich nations and that this factor alone was
responsible for the expansion of “asset finance” in that context. Public actors tend to choose
riskier technology than private investors. According to Almeshqab and Ustun [33], public
funding helped renewable energy initiatives that could not obtain private financing, while
public policies seemed to have had a minor effect on increasing the private sector’s ability
to raise capital. The effects of FDI, alternative energy, free trade, carbon production, and
economic development on energy consumption in European nations were studied by Wang
et al. [34]. According to their findings, financial growth caused FDI to have a favorable
effect on the usage of renewable energy. The latter increased both private and public capital
stocks, lowered financing costs, sparked economic growth, and thus increased renewable
energy use. These findings supported those of Kim and Park [28]. Other authors, including
Le and Ozturk [35], as well as Si et al. [36] and Fotio et al. [12], support the argument
that increased financial globalization results in lower financing costs for households and
businesses, which in turn boosts economic activity and, consequently, energy use. The
rise in the demand for energy induces households and businesses to look for alternative,
reliable, and green sources, increasing their renewable energy consumption. Thus financial
globalization indirectly aids in the consumption of renewable energy sources.

Murshed [37] explored the relationship between ICT trade and renewable energy in
South Asia. The research found a significant positive relationship between the growth of
ICT imports and the utilization of renewable energy in the country. The results suggested
that the import of ICT products has a spillover effect on the diffusion of renewable energy
technologies, contributing to a more sustainable energy landscape. Fang et al. [38] analyzed
the effects of ICT trade liberalization on renewable energy deployment. The study found
that countries with more open ICT trade policies tend to have higher levels of renewable
energy consumption. The findings emphasized the potential of ICT trade liberalization as
an effective policy lever for promoting renewable energy adoption in the region. Wang
et al. [39] noted that an increase in ICT exports leads to greater investments in renewable
energy projects and vice versa. Their research underscored the importance of synergistic
policies to bolster both ICT trade and renewable energy initiatives. Ahmed and Le [40]
concluded that ICT trade appears to influence renewable energy consumption positively.

This analysis of research on closely related subjects shows that there are still many
unresolved issues. The lack of research examining the effect of financial globalization and
ICT trade on renewable energy is the initial and primary vacuum in the available literature.
In fact, studies mainly concentrate on the impacts of financial development on energy
consumption, except for the analysis that has already been mentioned. Thus, the potential
connection between financial liberalization, ICT trade, and eco-friendly energy is currently
unstudied. The narrow methodological range of current research is a further deficit that
simply results from the abundance of empirical studies. For instance, Panel VAR analysis
was not previously considered. Lastly, the analysis between financial liberalization, ICT
trade, and clean energy in this group of countries (selected Asian economies) was not
performed earlier. The research aimed to test the following hypothesis:

Hypothesis 1. Financial globalization positively impacts the progress of renewable energy.

Hypothesis 2. ICT trade contributes positively to the growth of renewable energy.
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3. Materials and Methods
3.1. Data and Descriptive Analysis

The goal of this research is to scrutinize the correlation between financial globalization,
ICT trade, and renewable energy consumption in Asian countries. A total of 24 nations are
selected as our study area and the data spans from 1996 to 2021. The response variable is
renewable energy consumption (REC), proxied by the total amounts of nuclear, renewable,
and other sources quantified by quad Btu, while the data are received from the Energy
Information Administration (EIA) (accessed on 1 August 2023, from https://www.eia.
gov/international/data/world/total-energy/total-energy-consumption). The main re-
gressors are financial globalization (FG) and information and communications technology
trade (ICTT). Financial globalization (FG) is quantified by means of the financial globaliza-
tion index offered by the Konjunkturforschungsstelle (KOF) (accessed on 1 August 2023,
from https://kof.ethz.ch/en/forecasts-and-indicators/indicators/kof-globalisation-index.
html). ICTT is quantified as the ICT goods trade as % of total goods trade. To investigate the
impact of financial globalization and ICT trade on REC, we incorporate GDP per capita as
a control variable into our model. Previous research suggested that GDP significantly influ-
ences REC. For example, Li and Ullah [41] underlined the encouraging effect of economic
growth on REC. Lv et al. [42] recognized a favorable link between GDP and REC. GDP per
capita constant is employed to allow useful evaluations. We collected the data series for ICT
and GDP variables from World Development Indicators (WDI) (accessed on 1 August 2023,
from https://databank.worldbank.org/source/world-development-indicators). Table 1
displays complete information regarding the descriptive statistics of the data selected for
the analysis. The averages or means and standard deviations are presented for REC (Mean:
0.651; SD 2.225); FG (Mean: 3.971; SD 0.463); ICTT (Mean: 2.506; SD 1.924), and GDP (Mean:
8.358; SD 1.246).

Table 1. Statistical description.

Mean Median Max Min SD Skewness Kurtosis Jarque–Bera Prob

REC 0.651 0.054 24.71 0.000 2.225 6.870 59.43 1079 0.000
FG 3.971 4.106 4.590 2.624 0.463 −0.784 2.746 80.72 0.000

ICTT 2.506 3.076 4.605 0.604 1.924 2.288 4.268 263.9 0.000
GDP 8.358 8.253 11.10 5.967 1.246 0.393 2.278 36.42 0.000

3.2. Methodology
3.2.1. GMM Estimation of Panel VAR Model

The research employs estimation methods involving essential steps carried out in
a specific sequence based on the growth rate. A flexible framework of the Panel VAR
model is applied to address fixed effects in the cross-country impacts of REC, FG, ICTT,
and GDP in Asian countries. This approach treats all variables as endogenous and is
widely utilized in the literature. The PVAR model provides advantages over standard
VAR and panel data modeling techniques, effectively handling endogeneity issues and
improving estimation efficiency [43]. Additionally, the panel VAR permits the assessment of
connections among the concerned variables via impulse response functions (IRFs), enabling
panel Granger causality analysis to identify causal relationships between variables. The
method is particularly useful when dealing with simultaneity problems that are common
in economic and financial models. Below is the equation representing the panel VAR model
with fixed effects:

Yi,t = δi +
k

∑
j=1

πjYi,t−j + µi,t (1)

where Yit represents a vector of dependent variables with dimension N × 1, πj denotes an
N × N matrix of autoregressive coefficients, δi is the unobserved individual heterogeneity,
and µit is a vector of error terms. In this context, (i = 1, . . ..., N) denotes the specific country,

https://www.eia.gov/international/data/world/total-energy/total-energy-consumption
https://www.eia.gov/international/data/world/total-energy/total-energy-consumption
https://kof.ethz.ch/en/forecasts-and-indicators/indicators/kof-globalisation-index.html
https://kof.ethz.ch/en/forecasts-and-indicators/indicators/kof-globalisation-index.html
https://databank.worldbank.org/source/world-development-indicators
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while (t = 1,. . ..., N) represents the time period. The current study employs a 4-dimensional
VAR model, which theoretically poses challenges in terms of the degree of freedom. It
helps mitigate the consequences of reduced degrees of freedom and significantly widens
the confidence interval for the IRFs. Given the unreliable coefficients of VAR for policy
decisions, IRFs are essential and more dependable.

For estimating our model, we adopt the approach introduced in [44,45], in which the
proposed estimators were based on the standard VAR model in Equation (1), employing the
GMM. The purpose is to attain consistent estimates of the VAR, as recently demonstrated
by Usman et al. [46]. Considering that error terms in a dynamic equation exhibit serial
correlation, they proposed the use of the forward orthogonal deviation to address this
concern, which is a technique well known among researchers. In this method, the mean of
future observations in the sample is subtracted from every observation, resulting in the
transformation of variables and error terms as follows:

Y∗
it−s = wt[Yit−s − (Yit−s+1 + ....... + YiT−s)/(T − t)] (s = 0, 1, ........, p) (2)

µ∗
it = wt[µit − (µit+1 + ......,+µiT)/(T − t)]with w2

t = (T − t)/(T − t + 1) (3)

where Yit and µit denote the altered vectors of dependent variables and the white noise
disturbance term, respectively. T is the number of years from 1996 to 2021. Moreover, i, s,
and wt respectively highlight the “countries, lag order, and non-singular weighting matrix”.
This alteration, as per Hayakawa [47], has inbuilt qualities of the real error term. If the
original error term displays homoscedasticity and lacks serial correlation, the transformed
term will also exhibit these attributes. In pursuit of the study’s objectives, we utilized
the GMM technique to estimate Equation (1), following recent usage [48]. As mentioned
earlier, the estimates of the VAR might not be dependable. Therefore, we constructed IRFs
to scrutinize the relationships between renewable energy, financial globalization, ICT trade,
and GDP in Asia.

3.2.2. Panel VAR Granger Causality Analysis

We conduct a panel VAR Granger causality analysis to examine the causative link
between the variables, considering that the panel series utilized in this research are all
integrated of order one (I(1)) and cointegrated. This causality analysis is essential for
policymakers. Panel VAR Granger causality allows researchers to infer causal relationships
between variables in panel data settings, aiding policymakers in understanding economic
and environmental dynamics. It addresses endogeneity issues and provides valuable
insights for designing effective policies to achieve desired outcomes. For panel VAR
Granger causality, the study follows the approach of Hartwig [49], as follows:

Xi,t = λ0 +
m

∑
j=1

α1,jYi,t−j +
m

∑
j=1

α2,jYi,t−j + ϑi + εi,t (4)

Yi,t = σ0 +
m

∑
j=1

δ1,jXi,t−j +
m

∑
j=1

δ2,jXi,t−j + ψi + νi,t (5)

where m represents the lag length, and εit and vit are the error terms assumed to be white
noise. ϑi and ψi represent individual fixed effects, which are constant for each individual
and time period. The parameters i and t refer to the specific country and time period,
as previously defined. We determine the predictive power between the difference of
variable Y and the difference of variable X by examining if the lagged variable Y provides
information about variable X. Conversely, we also investigate if the difference of variable X
has predictive power for variable Y. The null hypothesis regarding causality in Panel VAR
is stated as follows:

H0 : α2,1 = α2,2 = .......... = α2,m = 0 (6)

H0 : δ2,1 = δ2,2 = .......... = δ2,m = 0 (7)
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The null hypothesis, which signifies the non-existence of the causative link between
excluded and equation variables, is verified on the basis of χ2-stat (Chi-square).

4. Empirical Results and Discussion

The pairwise relationships between the four variables REC, FG, ICTT, and GDP are
shown in the correlational matrix in Table 2. Each cell in the table represents the correlation
coefficient between the appropriate row and column variables. The correlation coefficients
fall between −1 and 1, with −1 denoting a complete negative connection between the two
variables, 1 denoting a positive correlation, and 0 denoting no link. The significance of
the correlation analysis lies in its capability to expose the direction and strength of linear
associations between key variables. Examining these correlation coefficients provides a
valuable understanding of how variations in one variable are associated with variations in
others. By looking at the outcomes, we can see that all variables are positively associated
with one another, as shown by a correlation coefficient of 1. The inter-variable correlations
between REC, FG, and GDP are weakly positive, but those between FG, ICTT, and GDP
are moderately positive. When compared to other connections, the link between FG and
ICTT stands out as being particularly substantial. These results help to comprehend the
variables’ possible interconnection within the dataset by offering useful insights into the
degree of linear relationships among them. These findings imply that the variables are not
perfectly correlated to each other because the coefficient values lie between −1 to +1.

Table 2. Correlational matrix.

REC FG ICTT GDP

REC 1
FG 0.072 1

ICTT 0.171 0.607 1
GDP 0.118 0.516 0.467 1

The reported findings in Table 3 show the variance inflation factor (VIF) values for
the FG, ICTT, and GDP variables. VIF is a metric used to evaluate multicollinearity in
regression models. It gauges how much predictor variable correlations increase a regression
coefficient’s variance. VIF values of more than 10 are often seen as indicators of problematic
multicollinearity. The findings show that all three variables have VIF values that are much
below the cutoff of 10. This demonstrates that the regression model’s predictor variables
do not exhibit significant multicollinearity. Correlations with other variables very slightly
affect the variance of each regression coefficient, as shown by the VIF values of 1.91 for FG,
1.80 for ICTT, and 1.42 for GDP. All the values in the “1/VIF” column are virtually less than
one. This column contains the reciprocal of the VIF values. In conclusion, the regression
model’s lack of substantial multicollinearity problems is supported by the mean VIF across
all variables, which is 1.71.

Table 3. Results of VIF.

Variable VIF 1/VIF

FG 1.91 0.522
ICTT 1.80 0.556
GDP 1.42 0.702

Mean VIF 1.71

Table 4 presents the results of ADF and IPS panel unit root tests. These tests are often
used in panel analysis to check for a unit root. The results of the unit root tests under
various hypotheses are shown in the columns with labels “I(0)” and “I(1)”. “I(0)” represents
a stationary variable (one without a unit root), whereas “I(1)” implies a non-stationary
variable (one with a unit root). Based on the results shown in Table 4, we observe that all
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REC, FG, ICTT, and GDP variables are I(1), i.e., stationary at first difference. The unit root
test results help us to select the appropriate model.

Table 4. Results of unit root.

IPS ADF

I(0) I(1) I(0) I(1)

REC −0.061 −4.488 *** 3.984 −19.37 ***
FG 0.210 −2.353 *** −0.324 −5.296 ***

ICTT −0.112 −4.882 *** −0.546 −20.55 ***
GDP −1.245 −4.038 *** 0.934 −16.74 ***

Note: *** p < 0.01.

After verifying the unit root process in our panel data, the next step is to estimate
the suitable lag length. This step is necessary before the application of GMM-PVAR
regression and the Granger causality test. To that end, we have applied three criteria:
MBIC, MAIC, and MQIC principles. The rule of thumb for selecting the appropriate lag
length is to choose the minimum statistical value. Table 5 shows that the statistical values
(−57.96 MBIC, −8.496 MAIC, −27.98 MQIC) against the first lag order are minimum in all
three criteria, confirming that the best lag length for GMM-PVAR is 1.

Table 5. Lag order selection criteria.

lag CD J J p Value MBIC MAIC MQIC

1 0.999 15.50 0.215 −57.96 −8.496 −27.98
2 0.999 14.77 0.064 −34.21 −1.230 −14.22
3 0.999 9.215 0.056 −15.27 1.215 −5.280

The findings in Table 6 show the estimated coefficients and their corresponding
probability for a PVAR model using the GMM estimation method. Four models are
estimated for four different dependent variables: REC, FG, ICT, and GDP. These variables
depend on their own lag values and those of other variables. In the first model, where
REC is the dependent variable, the estimates of RECt−1

, FGt−1, ICTTt−1, and GDPt−1, are
positive—a 1% surge in RECt−1, FGt−1, ICTTt−1, and GDPt−1 causes REC to improve by
1.047%, 0.645%, 0.071%, and 0.469%, respectively.

Table 6. Results of the GMM-PVAR model.

Equations

REC FG ICTT GDP

Variables Coef Prob Coef Prob Coef Prob Coef Prob

RECt−1 1.047 *** 0.000 0.028 0.378 0.016 0.775 0.452 *** 0.000
FGt−1 0.645 *** 0.000 1.088 ** 0.020 0.111 ** 0.021 0.062 * 0.072

ICTTt−1 0.071 *** 0.001 0.276 *** 0.000 0.832 *** 0.000 0.710 *** 0.001
GDPt−1 0.469 *** 0.000 0.537 *** 0.000 0.249 *** 0.009 0.963 *** 0.000

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

The findings shows that financial globalization has a favorable impact on REC. The
findings align with Hypothesis 1. Paramati et al. [50] favored these outcomes, revealing that
financial globalization permits countries to enter into international capital markets and they
are able to attract FDI inflows. The availability of capital with ease increases the provision
of money for renewable energy ventures, including the development of solar power plants
and wind farms. Financial globalization, as per Hasan and Du [51], facilitates the transfer of
technology between different nations by promoting the sharing of ideas, information, and
skills. These factors lead to the development of renewable energy technology and improved
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production techniques in the host country. Qin et al. [52] highlighted the fact that financial
globalization is helpful in fostering trade and collaboration between the global markets,
making the cross-border flow of goods and services related to renewable energy a lot easier.
As a result of financial globalization, manufacturers and sellers from the renewable energy
sector are capable of selling their items in a more diversified and expanded global market,
leading to a rise in the investment and production of renewable ventures to fulfill export
demand. Thus, an expanded market size may cause REC to rise significantly. Moreover,
Wang et al. [39], revealed that a nation may come across efficient global practices and
standards with regard to renewable laws and guidelines due to financial globalization.
The growing collaboration between nations helps them to share their valuable experiences
regarding the implementation of efficient policy outlines to foster the growth of renewable
energy industries. Rasoulinezhad and Saboori [53] observed that financial globalization
may bolster REC. They believed that financial liberalization enhances the accessibility of
eco-friendly financial items, such as green bonds, investment funds, and clean energy
financing approaches. These financial instruments attract investments specifically targeted
at renewable energy projects. By leveraging financial globalization, countries can tap into
global green finance markets, mobilize capital, and channel it toward renewable energy
initiatives, ultimately boosting REC.

ICT trade plays a significant role in increasing REC. The results substantiate Hypoth-
esis 2. This finding is supported by Murshed [37], who noted that ICT trade enables
countries to collaborate and share knowledge in renewable energy adoption. It promotes
international cooperation, allowing nations to learn from successful renewable energy
initiatives and implement them in their own countries. This also means that ICT trade facil-
itates access to renewable energy technologies and solutions worldwide. Countries import
advanced and cost-effective renewable energy technologies, equipment, and expertise from
other nations, thus accelerating the deployment of renewable energy projects [54]. ICT
trade allows for the development of online renewable energy marketplaces, making it easier
for consumers and businesses to purchase renewable energy products and services [11].
This increased accessibility drives greater demand for renewable energy solutions.

These outcomes are corroborated by Alsagr [55], who confirmed that GDP and re-
newable energy consumption move in the same direction because higher GDP expands
the availability of financial resources in a country, allowing the nation to diversify its
energy mix and increase REC by investing more in renewable energy technologies and
deployment. Moreover, Solaun and Cerdá [56] contended that control of environmental
pollution and carbon emissions is imperative to increasing green financial activities. In this
context, financial organizations are vital as they show more interest in providing funds for
investing in green energy projects and deployment. Green financial products and services
(green bonds, investments, insurance) are gaining popularity, which are vital in providing
funds for green investments and thus expediting REC.

Similarly, in the GDP model, a 1% growth in RECt−1, FGt−1, ICTTt−1, and GDPt−1
escalates GDP by 0.452%, 0.062%, 0.710%, and 0.963%, respectively. However, in the FG
and ICT models, the estimated coefficients of FGt−1, ICTTt−1, and GDPt−1 are significant
and positive, while the estimated coefficient of RECt−1 is insignificant. More appropriately,
a 1% escalation in FGt−1, ICTTt−1, and GDPt−1 helps increase FG by 1.088%, 0.276%, and
0.537%, respectively, and ICT by 0.111%, 0.832%, and 0.249%, respectively. In general, these
outcomes infer that current values of REC, FG, ICT, and GDP are not only promoted by
their own past values but also by the past values of other selected variables. Additionally,
Figure 1 illustrates the results of the stability conditions. The results indicate that the
framework is stable.
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The Granger causality test results between four variables—REC, FG, ICTT, and
GDP—are shown in Table 7. The estimates presented in Table 7 infer that Granger causality
is confirmed between REC and FG, REC and ICTT, and REC and GDP. This implies that the
REC granger causes FG, ICTT, and GDP. Similarly, the FG, ICTT, and GDP grangers cause
REC. In addition, Granger causality is also confirmed between FG—ICTT, GDP, ICTT—FG,
GDP, GDP—FG, and ICTT. These results reveal that any policy shift that causes a change in
renewable energy consumption will also bring a change in financial globalization. Likewise,
a change in renewable energy consumption leads to a change in ICT trade and national
income, implying that renewable energy consumption is crucial in impacting ICT Trade
and national income. Moreover, the policy shift that impacts ICT trade will also impact
REC, FG, and GDP, suggesting that ICT trade is a vital factor that can impact renewable
energy consumption, financial globalization, and national income. Lastly, if some policy
changes have an impact on GDP, such changes also impact REC, FG, and ICTT, suggesting
that a change in national income will also bring a change in renewable energy consumption,
financial globalization, and ICT trade. These results indicate a bidirectional causative link
between all of these factors, suggesting that any change in one factor will cause a change in
other factors, and the reverse is also true. For instance, a change in REC causes a change in
FG, while a change in FG causes a change in REC.

Table 7. Granger causality tests.

REC FG ICTT GDP

REC 5.312 *** 10.49 *** 8.084 ***
FG 7.749 *** 8.525 *** 6.352 **

ICTT 6.351 ** 8.923 *** 12.03 ***
GDP 5.384 *** 7.252 *** 5.216 **

Note: *** p < 0.01, ** p < 0.05.

The PVAR model features many regression coefficients, making interpretation of
the ongoing connection between variables challenging over the next several decades.
As a result, an impulse response graph is employed to visually depict how variables
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will interplay over the course of the next 10 periods. It accurately captures the future
development pattern by measuring one factor’s short-term and independent influence
on another factor after being influenced by one unit standard deviation. In Figure 2, the
positive effects of FG show unstable behavior, i.e., first it rises and then it falls, and later on,
it starts to increase again. This implies that FG influences the future period unfavorably in
the initial stage, but as time passes, FG influences the latter period favorably. However, in
Figure 3, the positive effects of ICTT fell over the course of the next ten periods, while the
positive effects of GDP started to fall in the next few periods, but after the 5th period, it
became constant. In all of these figures, the IRFs of REC is positive and rising.
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On the other hand, in Figure 2, FG has a positive effect when it is impacted by REC,
which reaches the maximum value in the first phase, indicating that FG promotes REC, and
the favorable effect of the current FG value on REC in the first period reaches the maximum
value and then becomes constant. However, REC has favorable effects when it is affected
by FG, which gradually rises over time. As can be seen in Figure 3, ICTT has negative
effects in the initial phase, which diminishes and becomes positive, when REC impacts
it. The negative effect is at its minimum value between 0–5 periods, and then it starts to
increase and become favorable in the latter stages. In contrast, the unfavorable effects of
REC gradually increase when ICTT impacts it.

5. Conclusions

The transition to renewable energy is now a global imperative driven by climate
change concerns and the imperative to curb greenhouse gas emissions. Comprehending
the factors that promote REC has become vital for nations to boost energy security and
lessen their reliance on conventional and dirty energy sources. Out of many known
factors, financial globalization, which boosts the connection among economies in the
financial markets to ease the process of international transactions, has emerged as a catalyst
for REC. Another important factor that can influence renewable energy consumption
is ICT trade. This study focuses on exploring the impact of financial globalization and
ICT trade on REC within the framework of Asian economies, characterized by a broad
variety of economic sectors and various levels of financial globalization and ICT trade,
which makes it an ideal region as a study area for inspecting the connection between
financial integration, ICT trade, and renewable energy demand. This analysis explains the
possible role of financial globalization and ICT trade in fostering and triggering the green
energy transformation in Asia. Indeed, the available empirical works do not provide any
information regarding the financial globalization, ICT trade, and REC nexus in selected
Asian nations. Therefore, this research work scrutinizes the effect of financial globalization
and ICT trade on REC in Asian countries by utilizing the GMM-PVAR method. The key
outcomes of the GMM-PVAR underscore that renewable energy consumption, financial
globalization, ICT trade, and GDP are favorably dependent on their past values. In addition,
the past values of financial globalization, ICT trade, and GDP favorably impact the current
value of renewable energy consumption. Similarly, the current GDP values are positively
influenced by the lagged values of financial globalization, ICT trade, and renewable energy
consumption. In contrast, only the past GDP and ICT trade values promote the current
financial globalization, and only the past GDP and financial globalization values promote
the current ICT trade. Regarding the causative links between the variables, renewable
energy consumption grangers cause financial globalization, ICT trade, and GDP. Similarly,
financial globalization, ICT trade, and GDP grangers cause renewable energy consumption.

5.1. Policy Implications

From these outcomes, we can deduce some important policy suggestions for govern-
ments, policy experts, and energy strategists. These suggestions are valuable in devising
strategies that seek to hasten the transition toward renewable energies and encourage
sustainable economic growth. First and foremost, our outcomes highlight the positive link
between current and past values of renewable energy consumption, financial globalization,
ICT trade, and GDP. Thus, we suggest that policy experts must focus on improving ties with
other countries in the financial sphere to promote financial globalization and integration.
In this way, countries may lure foreign investors who have access to a pool of financial
resources and are ready to invest in risky and costly renewable energy projects. Further,
we advise policymakers to design policies in a way that encourages investment in green
energy deployment by offering financial incentives, simplifying administrative procedures,
and developing a smooth and well-functioning environment for green investment.

Secondly, our findings infer that the past values of financial globalization and ICT
trade favorably impact the current value of renewable energy consumption; hence it is
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imperative for central authorities to design a broad and foolproof renewable energy policy.
In this regard, policy experts should set clear-cut objectives and design policies that can
encourage green energy implementation, including “renewable portfolio standards, feed-in
tariffs, and tax incentives”. In addition, it is crucial to encourage R&D-related activities
in the renewable energy sector to support innovation and technological development
within the sector, leading to a rise in renewable energy capabilities. Such a favorable policy
structure will help boost REC.

Thirdly, our findings demonstrate the significant impact of digital trade on renewable
energy consumption; hence governments should actively engage in and promote inter-
national digital trade agreements to facilitate the exchange of technology, expertise, and
resources related to renewable energy. Collaborative efforts can enhance the accessibility
and affordability of sustainable renewable energy technologies.

Fourthly, in light of the favorable effect of financial globalization on REC, cooperation
between governments and the financial sector has become crucial for the development of
novel financial products and services and mechanisms that would smooth investments in
renewable energy. To support renewable energy projects, various green finance initiatives
can be implemented, including the establishment of green bonds, sustainable investment
funds, and green banks, which offer specialized funding options. There must be financial
and technical support for renewable energy deployment, including encouraging access
to capital at an affordable rate, offering guarantees, and mitigating investment risks. For
that to happen, governments must assimilate policies regarding renewable energy into the
existing financial set-up.

Fifthly, in order to foster REC, it is crucial to enhance energy efficiency measures in
addition to the production of renewable energy. Moreover, it is also the need of the hour
that policymakers should give importance to energy efficiency strategies, support energy
valuations and conservation efforts, and offer rewards for the utilization of energy-efficient
technologies and techniques. Adopting energy-efficient procedures and technologies may
significantly lower the energy demand, help accomplish renewable energy objectives, and
boost sustainable REC.

Sixthly, policymakers should facilitate the import and export of renewable energy
technologies through digital trade agreements. This can enable countries to gain access to
advanced and cost-effective renewable energy solutions, accelerating their transition toward
clean energy sources. Creating a supportive trade environment, including reducing trade
barriers and tariffs for renewable energy technologies, can incentivize technology transfer
and diffusion. Seventhly, policymakers should encourage knowledge-sharing platforms
and international collaborations to facilitate the exchange of best practices, policies, and
research related to renewable energy and ICT integration. By learning from successful
experiences in other countries, nations can design more effective policies and strategies for
sustainable energy development.

Last but not least, authorities must address hurdles and potential threats that are
attached to financial globalization and the production of renewable energy. This encom-
passes the task of overseeing and controlling changes in currency rates, instability in the
market, and possible economic weaknesses. It is essential for governments to provide
mechanisms to reduce risks and offer assistance to renewable energy projects in times
of economic decline. Furthermore, it is crucial to establish policies that guarantee a just
and comprehensive shift, taking into account the societal and economic consequences of
adopting renewable energy. This includes addressing issues such as the development of
employment opportunities, implementing retraining initiatives, and ensuring equal access
to the advantages of renewable energy.

Lastly, policymakers must underscore the potential risks as well as provide solutions
to tackle these risks, which the nation has to bear in the case of financial globalization and
renewable energy adoption. This involves controlling unwanted currency value variations,
vulnerabilities in markets, and any economic precariousness. Therefore, it is imperative
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for governments to offer procedures that might mitigate risks and provide assistance to
renewable energy initiatives in times of economic recession.

Furthermore, it is also vital to design policies that foster a just and inclusive trans-
formation by taking into account the socioeconomic consequences of utilizing renewable
energy, including employment opportunities, retraining initiatives, and guaranteeing equal
access to renewable energy to reap its complete benefits.

5.2. Limitations and New Directions

We should acknowledge certain limitations of this study. First of all, this study carries
out an empirical examination of 24 Asian economies and covers the period up to 2021.
Future studies with a longer dataset can further test the long-term sustainability of these
relationships. Secondly, the study covers multiple Asian economies, each with its unique
characteristics. Country-specific factors not captured by the model may confound the
relationships examined. A comparative analysis can be performed with other countries
outside Asia. Moreover, a comparison can be made between developing and developed
economies. Such a study will be helpful in the formulation of more appropriate policy
suggestions. Thirdly, although the explanatory power of our study is quite good, there
is still a gap for other factors, such as economic openness and green ICT. Future research
needs to focus on exploring how economic openness and green ICT influence renewable
energy consumption. Moreover, investigating the relationship between clean energy usage
and financial globalization should consider a time-varying context instead of assuming a
constant parameter. By adopting alternative methodologies and broadening the scope to
encompass different sets of countries, conflicting results may arise in the existing empirical
literature. As a result, researchers should prioritize the development of innovative tech-
niques to obtain distinct and more reliable empirical findings, which can aid in designing
more effective economic policies.
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Abbreviations

ICT Information and communications technology
GMM Generalized method of moment
VAR Vector autoregressive
GDP Gross domestic product
GHG Greenhouse gas
IRENA International renewable energy agency
CO2 Carbon dioxide
PVAR Panel vector autoregression
SDG Sustainable development goal
OLS Ordinary least squares
UN United Nations
EU European Union
FDI Foreign direct investment
REC Renewable energy consumption
FG Financial globalization
ICTT Information and communications technology trade
KOF Konjunkturforschungsstelle
EIA Energy information administration
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WDI World development indicators
SD Standard deviation
IRFs Impulse response functions
VIF Variance inflation factor
ADF Augmented Dickey–Fuller
IPS Im, Pesaran, and Shin
Prob Probability
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