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Abstract

Bangladesh, endowed with abundant resources, is at a crucial juncture where the potential for sustainable renewable energy use
can be significantly expanded. This study examines the influence of financial development, foreign direct investment (FDI),
economic growth, carbon dioxide emissions, and capital formation on renewable energy consumption in Bangladesh, using time
series data from 1991 to 2020 and the ARDL bounds testing approach to cointegration. The findings show a long-term positive
correlation between financial development and capital formation with renewable energy consumption, while FDI and economic
growth have no significant long-term impact. Carbon dioxide emissions, however, negatively affect renewable energy consumption
in both the short and long term. In the short term, capital formation and FDI also negatively impact renewable energy use,
whereas financial development has a positive and significant effect. These results highlight the importance of understanding how
financial development and capital formation can promote renewable energy, not only in Bangladesh but also in other developing
and developed countries. To mitigate environmental harm and boost renewable energy use, it is essential to eliminate fossil fuel
subsidies and implement a carbon tax on non-renewable energy. Additionally, Bangladeshi policymakers should promote green
financing and increase investment in clean renewable energy projects to build a strong renewable energy economy.

Keywords: Financial development, Environmental degradation, Renewable energy, ARDL, Bangladesh.

Introduction
Financial development significantly impacts the adoption of positive relationship between financial development and renewable
renewable energy sources in Bangladesh. Research indicates a energy consumption, suggesting that a robust financial sector
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facilitates the financing and implementation of renewable energy
projects. This is further supported by findings that highlight the
role of financial institutions in promoting green energy initiatives,
particularly in developing economies like Bangladesh. Moreover,
the interplay between foreign direct investment (FDI) and financial
development also enhances renewable energy consumption, as FDI
inflows contribute to the growth of renewable energy
infrastructure. However, challenges remain, as traditional financial
institutions often favor carbon-intensive energy production, which
can hinder the transition to renewable sources. Overall, fostering
financial development, improving access to financial resources,
and encouraging FDI are crucial for advancing renewable energy
adoption in Bangladesh, aligning with global trends towards
sustainable energy solutions.

Financial development significantly influences renewable energy
investment through various mechanisms, as evidenced by multiple
studies. In BRICS countries, a positive correlation exists between
financial development and renewable energy consumption, with
domestic credit and economic growth facilitating increased
adoption of renewable sources. Conversely, in EU and ASEAN
nations, traditional financial institutions often favor carbon-
intensive projects, which hampers renewable energy investment,
while developed capital markets positively impact green energy
initiatives. In China, financial development through bank credit
and bond markets is crucial for the growth of the renewable energy
sector, particularly in regions with robust financial environments.
Additionally, foreign direct investment (FDI) and gross capital
formation are shown to enhance renewable energy consumption,
although the nature of FDI can yield mixed results depending on
regional contexts. Overall, while financial development can drive
renewable energy investment, the effectiveness varies by region
and the type of financial support available.

As the world undergoes an energy transition, the role of renewable
energy is increasingly recognized as a critical element in shaping
effective policy. To realign policies towards renewable energy, a
robust financial structure is essential. According to the UNDP,
achieving the goals of Sustainable Development Goal (SDG) 7 will
require annual investments in renewable energy ranging from $442
to $650 billion, with an additional $560 billion needed to enhance
energy efficiency, and $52 billion required for inclusive
electrification (UNDP, 2021). However, the global energy
transition is facing significant challenges due to a persistent annual
funding gap. One of the primary reasons for this gap is the
financial risk associated with renewable energy projects. To
mitigate these risks, public financial interventions through local
financial institutions and external funding sources are necessary
(UNDP, 2019).

Despite the declining costs of research and deployment, investment
in renewable energy projects continues to fall short of expectations.
The International Renewable Energy Agency's (IRENA) 2016
Renewable Energy Investment Assessment Report highlights that
risks such as political and regulatory uncertainties, transmission
losses, currency fluctuations, refinancing difficulties, and liquidity
issues disrupt the flow of finance into renewable energy projects.
These risks deter private sector investment in renewable energy
production. To address this, policymakers must take action to
mitigate these risks and restore investor confidence.

The United States Agency for International Development’s
(USAID) Scaling Up Renewable Energy (SURE) program has
played a significant role in addressing these challenges in

Bangladesh. By collaborating with 61 institutions, SURE
addressed various clean energy issues, produced four white papers
that guided the development and implementation of renewable
energy projects, and trained 153 individuals in this field. SURE
also worked closely with regulators and the Bangladesh Ministry
of Power, Energy, and Mineral Resources to create favorable
conditions for renewable energy success. Through the adoption of
supportive laws and regulations, the Bangladeshi government was
able to facilitate the integration of variable renewable energy
sources and attract private investment. USAID's efforts under the
SURE program accelerated Bangladesh's transition to clean energy,
helping the government reduce greenhouse gas emissions while
reaping the social and economic benefits of renewable energy
(USAID, 2022).

The proportion of energy from renewable sources relative to the
total gross inland energy consumption for a given calendar year is
termed renewable energy consumption. This is calculated by
summing up the gross domestic consumption of renewable energy
(IEA, 2013). Renewable energy refers to energy derived from
natural resources that replenish faster than they are consumed, such
as solar and wind energy. These resources are abundant and
constantly renewed. In contrast, fossil fuels like coal, oil, and gas,
which take millions of years to form, are non-renewable. When
fossil fuels are used for energy, they emit harmful greenhouse
gases like carbon dioxide. Common sources of renewable energy
include solar, geothermal, wind, hydropower, ocean energy, and
bioenergy (biomass), according to the United Nations. In
Bangladesh, the most prevalent renewable energy sources are
hydroelectric power, biogas, solar, and wind energy.

The Karnaphuli Hydro Power Station, which generates 230 MW of
electricity, is currently the only hydroelectric power plant in
Bangladesh. Renewable energy is a promising sector for the
country, which ranks among the top 20 economies in terms of GDP
growth, as noted by the World Bank. To meet the Sustainable
Development Goals (SDGs) by 2030 and achieve advanced nation
status by 2041, Bangladesh must increase energy consumption
while simultaneously reducing CO2 emissions. Given that
Bangladesh is also highly vulnerable to climate change, renewable
energy could play a vital role in maintaining economic growth and
environmental protection. The Bangladesh Institute of Governance
and Management (BIGM) has found statistically significant
positive correlations between GDP, non-renewable energy, and
CO2 emissions, whereas the correlation with renewable energy is
negative. Econometric analysis suggests that a 1% increase in the
use of non-renewable energy leads to a more than 0.75% increase
in CO2 emissions.

Bangladesh's renewable energy policy, which is relatively recent,
began with the policy strategies released by the Ministry of Power,
Energy, and Mineral Resources in 2008. The country has made
slow but steady progress up to 2022. The slow pace is partly due to
natural challenges such as limited land availability and low solar
and wind potential, along with other obstacles like lengthy land
acquisition processes, high equipment costs, potential project
cancellations, and delays in project approvals. Additionally,
renewable energy has high initial costs and slow utilization rates.
Therefore, there is a need to encourage the government to invest
more in renewable energy sources and modern equipment to ensure
efficient energy production.

Adopting alternative energy consumption practices will be crucial
for environmental sustainability and could inspire further
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exploration of new energy solutions. Consequently, further
research into energy parameters is needed to set standards for
sustainable energy consumption, which will require international
investment (Sharmin, 2022).

Bangladesh still has significant potential to reduce CO2 emissions
by switching from non-renewable to renewable energy sources.
However, as shown in Figure 1, the country has not increased the
share of renewable energy in its total energy consumption over the
past 30 years and still lags behind the levels seen in the 1990s. This
decline in renewable energy consumption could be due to various
internal and external challenges facing Bangladesh. The heavy
reliance on non-renewable energy sources is harming the
environment and delaying investments in renewable energy. In this
context, Renewable Energy Certificates (REC) are crucial for
environmental protection and achieving sustainable economic
growth. This study examines the impact of economic growth,
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foreign direct investment, carbon dioxide emissions, capital
formation related to renewable energy projects, and financial
development on renewable energy consumption in emerging
countries like Bangladesh between 1991 and 2020. Unlike most
previous research, which focused on the effects of financial
development, carbon dioxide emissions, economic growth, and
foreign direct investment, this study includes capital formation as a
variable. Using the ARDL technique, the study will explore how
these factors influence renewable energy consumption in
Bangladesh.

The ARDL bound testing approach to cointegration will be used to
study the long- and short-run interactions among economic growth,
FDI, financial development, carbon dioxide emission, capital
formation, and use of renewable energy during the period from
1991 to 2020.
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Figure 1: Renewable energy consumption (% of total final energy consumption) over the period from 1991 to 2020. (World Development

Indicator, 2022).
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Figure 2: Trend of five indicators of renewable energy
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This study aims to contribute to the existing literature in several
significant ways. Firstly, it seeks to be a pioneering investigation
into how various factors influence the consumption of renewable
energy. Unlike previous studies, this research introduces crucial
variables to provide a broader perspective on how these factors
impact renewable energy usage within the framework of
environmental regulations and constraints in emerging economies
like Bangladesh. By exploring the interconnectedness of energy,
economic growth, and environmental sustainability, this study
addresses gaps left by earlier research, where such relationships
were often overlooked. The inclusion of new variables is intended
to mitigate the bias typically associated with omitted variables,
thereby offering a more comprehensive analysis. Policymakers can
use the insights gained from examining the relationships between
specific variables and renewable energy consumption to develop
energy policies that improve energy security and environmental
quality.

The study employs the Autoregressive Distributed Lag (ARDL)
bound testing approach to cointegration to examine the existence
of short-run and long-run equilibrium relationships. This method is
beneficial in avoiding issues such as serial correlation,
heteroscedasticity, specification errors, and abnormality, and it also
facilitates forecasting future stable relationships through CUSUM
and CUSUM square tests.

By applying advanced time series data methodologies, this study
offers a thorough analysis of the dynamic relationships between
CO2 emissions, GDP, capital formation, foreign direct investment,
financial development, and renewable energy consumption in
developing economies. It is widely recognized that economic
growth tends to increase energy consumption. However, emerging
nations face pressure to boost their renewable energy consumption,
often without sufficient capital for renewable energy projects,
while also being subject to international demands to reduce CO2
emissions. In this context, the study seeks to fill existing research
gaps by employing alternative empirical methods. For instance, it
aims to explore the nuanced relationship between capital formation
and the demand for renewable energy, and how reducing CO2
emissions can enhance renewable energy consumption through the
development of relevant policies—insights that could be valuable
for policymakers.

Previous research often neglected the role of capital formation
specifically related to renewable energy projects, typically
following the "conventional approach," which does not fully
address the bias introduced by omitted variables. This study,
however, incorporates capital formation based on renewable
energy projects. According to this perspective, the development of
renewable energy infrastructure in Bangladesh can lead to the
creation of new green jobs, which would help meet increasing
energy demands, reduce unemployment, and promote a shift
towards renewable energy sources. This shift is essential as
reliance on non-renewable energy is costly and detrimental to both
human health and the environment. Consequently, by reducing the
costs associated with energy consumption and increasing the use of
renewable sources, Bangladesh can enhance its renewable energy
consumption more effectively than before.

Moreover, Bangladesh's commitment to renewable energy, driven
by international pressure and the need to address environmental
challenges, underlines the importance of this research. The findings
of this study are expected to offer valuable insights into the

economic conditions and favorable environment that promote the
demand for and adoption of renewable energy sources.

Research gap

This succinct assessment of the literature reveals that research have
generally pinpointed different factors that influence the production
and consumption of renewable energy. There is a policy gap in the
scholarly literature about risk mitigation for renewable energy
project funding, unfortunately. Even though studies have examined
the connections between financial development, foreign direct
investment, economic growth, and the use of renewable energy
sources, questions about how these factors relate to risk
management still exist. And none of those studies specifically
looked into the effects of capital formation based on the use of
renewable energy. This study addresses this research gap by
recommending capital formation based on renewable energy
project by isolating the long-run and short-run effects on renewable
energy consumption and this study also investigate the
environmental degradation impact on renewable energy
consumption. This study addresses this research gap by
recommending capital formation based on renewable energy
project by isolating the long-run and short-run effects on renewable
energy consumption and this study also investigate the impact of
environmental degradation on renewable energy consumption. In a
few research, it was discovered that there is a weak negative
correlation between carbon dioxide emissions and the demand for
renewable energy. But by utilizing the ARDL framework to
demonstrate the short- and long-term effects of carbon dioxide
emissions on the use of renewable energy in Bangladesh, this study
has filled the knowledge vacuum.

Objective of the study

Bangladesh is a resource-rich but impoverished developing nation.
However, these assets are being wasted. In this nation, the
consumption of non-renewable energy sources like fossil fuels and
natural gas is rising daily, which contributes to environmental
damage like the release of greenhouse gases. The environment is
not well-served by carbon dioxide emissions. The growth of the
financial sector, the creation of capital based on renewable energy
projects, and foreign direct investment all contribute to an increase
in the use of renewable energy. To increase the use of renewable
energy in Bangladesh, the government must take immediate action.
This includes granting domestic credit to the private sector which
is a component of financial development, raising public awareness,
developing methods to reduce carbon dioxide emissions, and
raising capital to fund renewable energy projects. The ARDL
bound testing approach to cointegration will be used to study the
long- and short-run interactions among economic growth, FDI,
financial development, carbon dioxide emission, capital formation,
and use of renewable energy during the period from 1991 to 2020.

In particular, the study will use an ARDL technique to investigate
how foreign direct investment, financial development, economic
growth, and carbon dioxide emissions affect the use of renewable
energy in Bangladesh.

Relevant literature review

Financial development and Renewable energy consumption

The relationship between financial development and renewable
energy adoption has been extensively explored in academic
literature, revealing a complex interplay between economic
growth, energy consumption, and investment in sustainable
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resources. Financial development plays a crucial role in fostering
renewable energy initiatives, which can reduce reliance on fossil
fuels and promote the use of cleaner energy sources. This positive
impact is supported by various studies, including Riti et al. (2017)
and Wu & Broadstock (2015), who highlight how financial
development leads to an increase in renewable energy usage. Zeren
& Mustafa (2014) further demonstrate a reciprocal relationship
between financial progress and renewable energy use, showing that
advancements in finance can stimulate renewable energy
consumption and vice versa.

Additional research from Japan, conducted by Rafindadi and
Ozturk (2016), confirms that financial development positively
influences renewable energy adoption. Similarly, Anton & Nucu
(2020) and Koengkan et al. (2020) find that financial transparency
and openness contribute to long-term investments in renewable
energy. However, some studies suggest a different perspective,
arguing that financial development may favor fossil fuels over
renewables due to lower costs and established infrastructure. For
example, research by Omri (2014) and Sadorsky (2010) indicates
that financial growth can sometimes lead to increased fossil fuel
consumption, thereby hindering the transition to renewable energy.

The debate extends to the broader economic impact of energy
consumption, with studies by Shahbaz et al. (2013) and Rafindadi
(2016) showing that financial market development can drive
productivity and energy demand, further complicating the
relationship between financial progress and renewable energy. In
Turkey, Dumrul (2018) observed a positive correlation between
financial development and energy use, while Brunnschweiler
(2010) found a strong link between economic growth and
renewable energy adoption in non-OECD countries. Despite the
nuanced findings, the overall consensus is that financial
development has the potential to support renewable energy, but its
effects can vary depending on specific economic and policy
contexts.

Carbon dioxide emission and Renewable energy consumption

The study hypothesizes that reducing carbon dioxide (CO2)
emissions will lead to an increase in renewable energy
consumption, aligning with the findings of Paramati et al. (2016).
Various researchers, including Rafique (2021), Menegaki (2011),
Salim (2012), and Shia et al. (2014), have observed that CO2
emissions negatively impact the demand for renewable energy.
Irandoust (2016) explored the relationship between CO2 emissions
and renewable energy in Nordic countries, finding that in Denmark
and Finland, renewable energy usage reduces CO2 emissions,
while in Sweden and Norway, the relationship is bidirectional. Assi
et al. (2021), analyzing data from 1998 to 2018, confirmed a
negative correlation between environmental pollution and
renewable energy consumption. The World Bank (2021) noted that
Turkey, with one of the fastest-growing rates of greenhouse gas
emissions, has significant potential to reduce CO2 emissions by
shifting to renewable energy. Bhattacharya et al. (2016) and Lu
(2017) further emphasize that lower CO2 emissions contribute to
cleaner environments and more sustainable energy systems, as
countries increasingly transition to renewable energy. Omri and
Nguyen (2014) highlight that renewable energy, by providing clean
energy, can effectively reduce CO2 emissions.

Capital formation and Renewable energy consumption

The study hypothesizes that capital formation increases renewable
energy consumption. Rafindadi & Mika'llu (2019) and Paramati et

al. (2017) examined how domestic and foreign capital influenced
sustainable energy development in the EU, G20, and OECD
countries from 1993 to 2012, finding that both types of capital
support clean energy use. However, earlier studies have not
thoroughly explored the connection between capital formation and
renewable energy consumption. This study aims to fill that gap by
examining how capital formation from renewable energy projects
influences energy consumption, using more advanced econometric
methods to yield reliable results with policy implications.

Additionally, the study hypothesizes that foreign direct investment
(FDI) increases renewable energy consumption. While Lin et al.
(2016) found that FDI decreased renewable energy consumption in
China, other studies, like Mielnik and Goldemberg (2002), showed
that FDI can reduce energy intensity in emerging economies.
Contradictory findings by Antweiler et al. (2001) suggest that FDI
impacts domestic production but not energy intensity. Cole (2006)
noted that FDI's impact on energy consumption varies by country
due to economic differences. Some research, like Hubler (2009)
and Lee (2013), found that FDI promotes energy efficiency and
clean energy use. More recent studies, such as Kilicarslan (2019)
and Yahya & Rafiq (2019), have shown mixed results, with FDI
both positively and negatively affecting renewable energy
consumption depending on the context. Overall, the relationship
between FDI and renewable energy is complex, with both positive
and negative effects observed across different regions and time
periods.

Economic growth and Renewable energy consumption

The study hypothesizes that economic growth increases renewable
energy consumption. Gozgor et al. (2020) found that higher
economic growth in OECD countries boosts renewable energy
usage. However, findings vary across regions. For instance, Maji
(2015) noted a short-term negligible and long-term negative
relationship between economic growth and renewable energy in
Nigeria. Tiwari (2011) found that increases in renewable energy
significantly impact GDP, while Fuinhas and Marques (2012)
identified a bidirectional causal link between growth and energy
consumption in Southern Europe.

Other studies offer mixed results: Soytas et al. (2007) found no
relationship between energy use and income in the USA, while
Assi et al. (2021) reported a negative correlation between GDP per
capita and renewable energy use. Lin et al. (2014) and Sadorsky
(2009) demonstrated a bidirectional relationship, showing that
economic growth can both drive and be driven by renewable
energy adoption in developing nations.

Conversely, some research suggests that economic growth may
actually increase fossil fuel demand, reducing renewable energy
use. Shahbaz (2017) and Abdouli (2017) found that higher
economic growth leads to greater fossil fuel consumption.
Similarly, Ocal (2013) and Menegaki (2011) observed no
significant correlation between renewable energy use and GDP,
while Yoo (2006) and Yildirim (2012) reported mixed causal
relationships between different energy types and economic growth.

Overall, the relationship between economic growth and renewable
energy is complex. While growth can promote renewable energy
adoption, it may also increase reliance on fossil fuels, particularly
in industrial sectors. The impact of economic growth on energy use
varies depending on regional, economic, and sectoral contexts.
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Methodological framework

We implement the ARDL bound test cointegration strategy from
the literature reviews that were based on the Autoregressive
Distributed Lag approach since it has many benefits and it cannot
break the periodicity or flexibility. It is dynamic and has an error
correction model (ECM) that is derivable from the ARDL bounds
testing using just a straightforward linear transformation.

This study will examine how consumption of renewable energy is
impacted by financial development, economic growth, carbon
dioxide emissions, foreign direct investment, and capital formation
based on renewable energy projects. This study will use five
independent variables and one dependent variable.

Definition of variables:

Renewable energy consumption (REC): This study will use
Renewable Energy Consumption (% of total final energy
consumption) as variable from World bank data. Renewable
energy consumption is the share of renewable energy in overall
final energy consumption.

Economic growth (EG): This study will use GDP growth (annual
%) as variable from World bank data. The annual average rate of
change of the gross domestic product (GDP) at market price based
on constant local currency, for a given national economy, during a
specified period of time.

Domestic credit to private sectors (DCB): This study will use
Domestic credit to private sectors by banks (% of GDP) as variable
from World bank data. It refers to financial resources provided to
the private sector by other depository corporations (deposit taking
corporations except central banks)

Foreign direct investment (FDI): This study will use Foreign direct
investment (% of GDP) as variable from World bank data. Foreign
direct investment is the net inflows of investment meant to acquire
a prolonged managerial interest (up to 10% or more of voting
stock) in an enterprise operating in an economy other than the
investor.

Carbon dioxide emission (CO2): This study will use Carbon
dioxide emissions (metric tons per capita) as variable from World
bank data. It is used as a measure for environmental degradation.

Gross Fixed capital formation (GFCF): This study will use Gorss
fixed capital formation (% of GDP) as variable from World bank
data. It is the variable of the capital of the country over the period.
It provides a financial support such as the building of different
infrastructure based on renewable energy project.

Estimation strategy:

Unit root test: These series splits have univariate integration
qualities that can be used to validate the degree; this work used
tests for unit root stationarity. The ideal test to establish the
presence of a unit root is the augmented Dickey-Fuller (ADF). In
this study, the ADF test was applied. At certain level of
confidence, the hypothesis that there is a unit root is strongly
rejected the more negative it is.

Lag length selection: By adding all of our variables in non-
difference data, a vector auto regression (VAR) model is estimated,
which is the method used most frequently to determine the ideal
lag duration. This VAR model should be estimated for a significant
number of lags before being reduced by re-estimating the model
for each subsequent lag until zero lags are reached. The study
examines the values of the Schwar information criterion (SIC) and

the Akaike information criterion (AIC) for that model. The model
with the ideal lag length is the one that minimizes the AIC and
SIC.

Cointegration analysis: The Pesaran et al. ARDL method tests
will be used in this study to measure co-integration. Because the
ARDL bounds test approach has numerous significant advantages
over other tests that have been demonstrated by Monte Carlo
evidence, it is preferred over other typical co-integration tests. The
estimations exhibit favorable small example features and the
ARDL technique effectively adjusts for any explanatory variable
endogeneity. Another notable benefit of ARDL techniques is that
they can eliminate unit root pre-testing issues because the test can
be applied whether the series are 1(0), 1(1) or a combination of
both. The short-run and long-run relationships can be estimated
simultaneously in this way. In this case, applying the ARDL
technique to cointegration will produce accurate and reliable
predictions. The Autoregressive Distributed Lag (ARDL)
technique to cointegration, in contrast to the Johansen and
Juselius(1990) cointegration procedure, aids in locating the
cointegrating vector (s). That is, a single long-term relationship
equation can be written for each of the underlying variables. The
ARDL model of the cointegrating vector is reparameterized into
ECM if only one cointegrating vector (i.e., the underlying
equation) is found. The reparameterized result provides the long-
run relationship of the variables in a single model as well as short-
run dynamics (i.e., regular ARDL). The ARDL is a dynamic single
model equation and has the same form as the ECM, making re-
parameterization possible. However, the approach developed by
Johansen and Juselius (1990) can be used when there are several
cointegrating vectors.

Diagnostic tests: Stability and diagnostic tests are also carried out
to confirm the model's fitness; the diagnostic test looks at the serial
correlation, functional form, normality, and heteroscedasticity
related to the chosen model.

Heteroscedasticity testing: There are various types of methods to
determine the heteroscedasticity of our data. This study will use
Breusch-Pagan test as a method for heteroscedasticity testing. A
more complete theoretical procedure explanation of Breusch-Pagan
test can be seen here. This test uses two hypothetical assumptions:

e Hy (Null Hypothesis): Homoscedasticity is present (the
residuals are distributed with equal variance)
H; (Alternative Hypothesis): Heteroscedasticity is
present (the residuals are not distributed with equal
variance)

If the p-value of the test results is smaller than alpha (significance
level) then we can reject Hy and conclude that the data is
heteroscedastic. We will use 0.05 as the significance level
parameter.

If the p-value of the test results is smaller than alpha (significance
level) then we can reject Hy and conclude that the data is
heteroscedastic. We will use 0.05 as the significance level
parameter.

Serial Correlation test: The Breusch—Godfrey serial correlation LM
test is a test for autocorrelation in the errors in a regression model.
It makes use of the residuals from the model being considered in a
regression analysis, and a test statistic is derived from these. The
null hypothesis is that there is no serial correlation of any order up
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Normality test: The normality tests are used to identify whether a
data set is well-modeled by a normal distribution or to figure out
how likely a related random variable is to be normally distributed.
The aim of this test was to test whether the residuals are normally
distributed or not. The hypotheses testing for the normality are as
follow:

Null hypothesis (Hg): the residuals are normally distributed

Alternative hypothesis (H;): the residuals are not normally
distributed

Ramsey Reset test: Ramsey Regression Equation Specification
Error Test (RESET) test (Ramsey, 1969) is a general specification
test for the linear regression model. More specifically, it tests
whether non-linear combinations of the fitted values help explain
the response variable. The intuition behind the test is that if non-
linear combinations of the explanatory variables have any power in
explaining the response variable, the model is mis-specified. The
hypotheses testing for the RESET Test are as follow:

Null hypothesis (Ho): Model is not mis-specified.
Alternative hypothesis (H;): Model is mis-specified.

Research Design

This study uses annualized secondary time series data for the 30
years period from 1991 to 2020 from the World Bank dataset of
global development indicators. Based on past study and data
availability, the variables and years analyzed were chosen. In this
study, we have used five independent variables and one dependent
variable.

For data analysis in this study, E-views software has been used.

The purpose of this research is to look into the influence of
economic growth, foreign direct investment, and financial sector
expansion on REC in Bangladesh. The general form of Renewable
energy consumption model is created as following:

REC, = f (EG, FDI, DCB, GFCF,, CO,) (1)

The following is the tested model for economic growth, financial
sector development, FDI, Capital formation and REC in
Bangladesh:

In REC, = o + B In EG, + B, In FDI, + B In DCB, + B, In GFCF, +
Bs In CO2, +¢, (2)

In Equation (2), the REC is the percentage of the renewable energy
consumption from the total nonrenewable energy consumption; the
EG is the Bnagladesh’s GDP growth (annual %); DCB is the
credits provided by the banks to the private sector as a percentage
of the GDP; FDI is the foreign direct investment; GFCF is the
gross fixed capital formation as a percentage of GDP; CO, is the
carbon dioxide emissions which is used as environmental
degradation. The natural log was used to convert all of the tested
series.

Estimation strategy:

Unit root test: The ideal test to establish the presence of a unit
root is the augmented Dickey-Fuller (ADF). In this study, the ADF
test will be applied. For example, ADF test consists of estimating
the following regression:

AY =B+ P +0Yi + o X2, AV + 6 (3)

Lag length selection: The study examines the values of the
Schwar information criterion (SIC) and the Akaike information

criterion (AIC) for that model. The model with the ideal lag length
is the one that minimizes the AIC and SIC.

Cointegration analysis: The conditional ARDL model is specified
in the following manner to carry out the bound test for co-
integration:

AINREC; = 0g + XI_; B1i AINREC,; +X 1| Boi AINEG,; + X1, Bsi
AINFDI; + X7, B4 AINDCBy; + X7, Bsi AINGFCFy; + X7, By
AINCO2;;+ v; INRECy; + v, INEGy; + y3 INFDI 1 + v4 INDCByy + 5
INGFCFy; + v INCO2, ; + & (4)

In equation (3), p denotes the lag length for dependent variables, q
denotes lag length for independent variables, A indicates the first
difference of those variables. The coefficient values of B; to Pg
represent short-run dynamics while y; to yg represent long-run
effect. € is the white noise error term. The hypothesis that the
coefficients of the lag level variables are zero is to be tested.

The null of non-existence of the long-run relationship is defined
by;

Ho: v1 =7, =7v3=74=v5=1vs = 0 (i.€. the long run relationship does
not exist)

Hl: vy #v2 #v3 # Y4 # ¥s # V6 # 0 (i.e. the long run relationship
exists)

A comparison is made between the computed F-statistics value and
two sets of critical values provided by Pesaran et al (2001). One set
considers all variables to be I (0), while the other set considers
them to be | (1). Regardless of whether the variable is 1(0) or I (1),
the null hypothesis of no cointegration would be rejected if the
estimated F State exceeds the upper critical value. The null
hypothesis of no cointegration cannot be ruled out if it is below the
lower number. The test is inconclusive if it falls inside the crucial
value band. The researchers may need to perform unit root tests on
variables entered into the model at this stage of the estimating
procedure (Pesaran and Pesaran 1997).

In the second stage, the researchers use the chosen ARDL model to
estimate the long-term association using AIC or SIC. There is an
error correction representation when there is a long-term link
between the variables. Therefore, in the third stage, the following
error correction model (ECM) is estimated:

AlnREC, =o0p t Zle 61i AInRECl_i + Z?:l 62i AInEGt_i + Z?:l 53i
AINFDIy; + X7_, 64 AINDCBy; + X1, 85 AINGFCF; + YL, 86i
AInCO2,;+ OECM,.; + &, (5)

In equation (4), coefficients 31 to 86 represent the short-run
dynamics, while the Error Correction Mechanism (©) indicates the
adjustment towards long-run equilibrium after a short-run shock.
The Wald test evaluates whether the independent variables
significantly influence the dependent variable by testing the joint
significance of the coefficients. If the p-value is less than 0.05, the
variables are considered statistically significant. The null
hypothesis states there is no causality among the independent
variables, while the alternative suggests causality exists. A larger
test statistic increases the likelihood of rejecting the null
hypothesis.

Diagnostic and stability tests ensure the model's validity. The
CUSUM and CUSUMSQ stability tests check for coefficient
stability, with the null hypothesis of stability not being rejected if
the plots remain within the 5% significance boundaries.
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Figure 2: The structure of methodology

Results Analysis and Discussion

Table 2 presents descriptive information of 30 observations for the time series variables used in this study. It demonstrates that the majority of
the variables have changed significantly over time. Gross Domestic Product (GDP), for instance, goes from a low of 1.24 to a high of 2.06.
Gross Fixed Capital Formation (GFCF), which ranges from 2.83 to 3.47, is similar. The study's observations supported the moderate degree of
variability among the variables. For instance, the LNREC has a mean of 3.83 and a standard deviation of 0.33. The mean and median values for
carbon dioxide emissions are the greatest. The variable with the biggest standard deviation is foreign direct investment. The analysis is
completed by applying the logarithmic transformation to all variables.

Table 2: Descriptive Statistics
LNREC

Variables LNGFCF

Mean 2.43 . 1.21

Median . . 1.26

Maximum . . 7.47

Minimum . . . . 1.82

Std. Dev. 0.13

Observations 48 48 48 48 48

Unit Root Test: Finding the proper order of integration for each of the variables is necessary for the assumption of a fair co-integrating
connection between the time series variables. This study looked into the variable's order of integration first. Table 3 reports the outcomes of the
unit root test under the null hypotheses of non-stationarity and stationarity. Table 3 demonstrates that the variables utilized in this study have not
been integrated in the same sequence. Certain variables are integrated at 1(0) whereas others are integrated at 1(1). Gross Domestic Product
(GDP) and Gross Fixed Capital Formation (GFCF) are confirmed to be stationary at level 1(0) by the ADF test, and the other variables also
become stationary after the first difference 1(1) when just intercept is assumed in the test equations. No variable is integrated at 1(2), which leads
to the Autoregressive Distributed Lag Model (ARDL) bounds testing approach (Pesaran et al. 2001) being used to represent the long-run
equilibrium relationship between the variables, is one of the significant findings presented in Table [3].

Table 3: ADF tests results

Variable Intercept

First difference Remarks

p-value t-stat 1 (d)

0.234 -3.960 1(1)
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LNGDP -4.768 0.432 1 (0)

LNFDI -1.124 0.569 (1)

LNDCB -2.518 0.238 (1)

LNCO2 -1.120 0.327 (1)

LNGFCF -3.011 0.021 I (0)

Lag selection for vector error correction model: Finding the ideal lag for the VEC model comes after running the unit root test. To choose the
best lag for the cointegration test in the research analysis, Vector Autoregression (VAR) lag order selection criteria are employed.

Table 4: Lag order selection criteria

LogL LR FPE AIC SC HQ

100.5038 NA 4.72e-11 -6.750271 -6.464799 -6.663000

273.5847 259.6214* 2.81e-15* -16.54176 -14.54346* -15.93086*

311.6725 40.80839 3.60e-15 -16.69090* -12.97975 -15.55636

LR: Likelihood ratio; FPE: Final prediction error; AIC: Akaike information criterion; SC: Schwarz criterion; HQ: Hannane Quinn criterion.
Optimal lag length. *indicates lag order selected by the criterion.

Table 4 presents the lag order selection for the VAR model, where the criterion with the lowest value is chosen. The AIC, at -16.69090, is lower
than Schwartz's criterion of -14.54346, indicating that AIC is the better choice. Based on this, the optimal lag length for the model is 2, which is
used for further empirical analysis due to AIC's greater explanatory power. Choosing the correct lag length is crucial as it impacts cointegration
results.

The cointegration test, following the ARDL Bound testing strategy, shows a stable long-term relationship between renewable energy
consumption (REC) and financial development (FD). The F-statistic of 8.55 exceeds the upper bound critical value of 4.68 at the 1%
significance level, rejecting the null hypothesis and confirming cointegration between the variables. This suggests that any short-run divergence
is temporary, as the long-run equilibrium is stable.

Table 5: ARDL Bound testing result for long-run co-integration

Lag: AIC F-statistics Result

Model ARDL(1,0,1,2,1,1) 9.65 Cointegration

Finrec(LNREC/LNGDP,
LNFDI,LNDCB,LNCO2,LNGFCF)

Critical value 1% 5% 10%

1(0) Lower bound 5 341 2.62 2.26

1(1) Upper bound 5 3.68 4.54 3.21

Note: AIC = Akaike information criterion. All the variables are in the natural log form and rejection of null hypothesis of no cointegration at the
1% level.

It becomes customary to report the normalized cointegrating coefficients of exogenous variables as produced from the level equation object of
the ARDL model framework once it has been demonstrated that there is a long-run association between the consumption of renewable energy
and the pertinent predictors. Table 6 presents the outcomes.

Table 6: Long-run estimate of the ARDL model

Dependent Variable: LNREC

Variable Coefficient Std. error t-statistic

LNGDP -0.040819 0.043509 -0.858299

LNFDI 0.003988 0.056309 0.302115

LNDCB 0.721763*** 0.12434 5.025083

LNCO2 -1.214386*** 0.455691 -8.425905

LNGFCF 0.84560*** 0.233769 3.214507

***denotes significance at the 1% level.
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Table 6 reveals that domestic credit to the private sector (DCB), carbon dioxide emissions (CO2), and capital formation (GFCF) are statistically
significant, while GDP growth and foreign direct investment (FDI) are not. However, all variables align with theoretical expectations based on
the signs of the coefficients. Specifically, fixed capital formation (GFCF), domestic credit (DCB), and FDI positively influence renewable
energy consumption, while GDP growth and CO2 emissions have a negative impact.

The model indicates that a 1% increase in domestic credit to the private sector boosts renewable energy consumption by 0.82%. This
underscores the role of financial development in promoting renewable energy use in Bangladesh, as the private sector plays a crucial role in
advancing clean energy initiatives to meet environmental goals. This finding is consistent with other studies (e.g., Rafindadi & Mika'llu, 2019;
Lin et al., 2016; Ji and Zhang, 2019), but contrasts with research by Saibu and Omoju (2016) and Ankrah and Lin (2020), who found that
financial development hindered renewable energy use.

A 1% increase in CO2 emissions leads to a 1.26% decrease in renewable energy consumption in the long term, highlighting the negative impact
of environmental degradation on clean energy adoption. As CO2 emissions rise, the demand for renewable energy declines due to pollution
concerns, reinforcing the need for stronger environmental regulations and the promotion of alternative energy sources. This result aligns with
previous studies (e.g., Menegaki, 2011; Salim and Rafiq, 2012).

Fixed capital formation, representing infrastructure development based on renewable energy projects, has a significant positive effect on
renewable energy usage. A 1% increase in capital formation results in a 0.93% rise in renewable energy consumption, indicating that investment
in renewable infrastructure supports both energy transition and job creation in Bangladesh, benefiting the environment.

However, a 1% increase in economic growth leads to a long-term decrease in renewable energy consumption, though this result is statistically
insignificant. Similarly, a 1% increase in FDI would slightly increase renewable energy consumption, but this effect is also statistically
insignificant. These findings suggest that GDP growth and FDI have limited influence on renewable energy use in Bangladesh. The country's
economic development may not be environmentally sustainable, as investments in renewable energy have not kept pace with overall growth.

In conclusion, while FDI positively impacts renewable energy use in Bangladesh, this effect is not statistically significant in the long term,
indicating that increased foreign investment alone is insufficient to drive substantial growth in renewable energy consumption.

Table 7: Findings of ARDL in the short-run

ECM Regression

Variable

Coefficient

Std. error

t-statistic

Constant

3.734631

0.461528

8.186793

A LNFDI

-0.004551

0.008546

-1.566382

A LNDCB

0.034891**

0.044177

2.147951

A LNDCB (-1)

-0.12534***

0.056240

-2.988873

ALNCO2

-0.3447680***

0.070712

-8.452312

A LNGFCF

-0.45644

0.110047

-0.910918

ECT (-1) -0.376479*** 0.040432 -8.203454

**& *** indicates the significance level at the 5% and 1% respectively.

Table 7 displays the ECT-ARDL [see equation 4] model's short-run coefficients for the model specification and the ECT (-1), error correction
model coefficient. According to the model's parameters, the lagged one-period ECT's negative and statistically significant coefficients show that
any short-run disequilibrium is corrected annually at a speed of 33% towards long-run equilibrium. The importance of the lag error term
supports the long-term relationship between the variables that we have already established.

The results show that domestic credit provided to the private sector by banks raises REC in the short run favorably and significantly. The results
confirm that, in both the short and long periods, domestic credit for financial development is positively and significantly correlated with REC at
a 1% level of significance. A 0.09 percent increase in the REC coincides with a 1% increase in financial development in Bangladesh. These
results demonstrate that domestic credit employed for financial development has a significant influence on Bangladesh's rate of REC. These
findings concur with those of certain studies such as Wang and Zhang, 2021, Anton and Nucu, 2020. But the author Rafindadi & Mika'llu,2019
does not support the positive impact of financial development on the demand of renewable energy in the short run.

The higher carbon dioxide emission lowers the demand of renewable energy consumption in both the short run and the long run which is
consistent with the studies of Toumi and Toumi, 2019, Lu, 2017, Omri and Nguyen, 2014.

But the influence of foreign direct investment and capital formation is negative and statistically insignificant in the short run. In a related
breakthrough, it was discovered that capital reduces renewable energy usage, but this finding was deemed to be insignificant in the short run and
it supports the similar result of Rafindadi & Mika'llu,2019.

Wald test: Now, we would like to estimate whether there is any short run causality or not between the set of independent variables. For doing
this test, this study has used the Wald test (Wald Chi-Squared Test) which is a parametric statistical measure to confirm whether a set of
independent variables are collectively ‘significant’ for a model or not. This study has used this test to examine the joint impact of the financial
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development (independent variables) on the renewable energy consumption (dependent variable) or there is any causal relationship between the

two which is represented in Table 8.

Table 8: Short run causality between financial development and renewable energy consumption

Wald test

Test Statistic Value

Probability

F-statistic 1.388664

0.2779

Chi-square 2777327

0.2494

Table 8 shows that there is no short run causal relationship between financial development and renewable energy consumption as chi-square

value is more than 5% or probability value, p>0.05.

Diagnostic tests: Since the various test statistics have p-values
greater than 0.05, our results are resistant to various diagnostic
tests like the Breusch-Godfrey serial correlation LM test, Breusch-
Pagan-Godfrey heteroskedasticity test, Jaque-Bera normality test,
and the Ramsey RESET test for the model specification error (see
Table 9). In the case of the numerous diagnostic tests, for instance,
the probability value is higher than 0.05, indicating that the test
data are statistically meaningless at the 5% level. Therefore, we
were unable to reject the null hypotheses of homoskedasticity,
normally distributed residuals, and an error-free model as well as
residuals that are not serially correlated and have constant variance.

For serial correlation LM test, Hy: There is no serial correlation.
For heteroscedasticity test, Hy: Homoscedasticity is present.
For normality test, Hy: The residuals are normally distributed.
For specification error test, Hy: Model is not mis-specified.

Table 9: Diagnostic tests

Diagnostic tests

Test type Test- Value
statistic obtained

Serial Correlation LM F-statistic 0.218974
Test (Breusch-Godfrey)

Heteroskedasticity Test | F-statistic 0.451635
(Breusch-Pagan-
Godfrey)

Normality Test (Jaque- | JB-statistic | 0.548101 | 0.760294
Bera)

Specification Error Test | F-statistic 1.417729 0.2523
(Ramsey RESET)

Stability test: As shown in Figure: 1, we further tested the stability
of the model using the cumulative sum (CUSUM) and cumulative
sum of squares (CUSUMQ). Brown et al., 1975 supported the
usage of these two tests by establishing that they give a reliable
basis for testing and identifying the positions of any observable
gradual changes that may develop within the estimated parameters.
The null hypothesis, which suggests that the parameters are valid
and consistent, will be accepted if the expected value of the
recursive residual is zero in this regard. If this is not the case, the
parameters are invalid and inconsistent. The empirical results show
that, at a 5 percent level of significance, the plots of both tests are
inside the critical region. This attests to the stability of both long-

run and short-run characteristics. As a result, the computed ARDL
model coefficients are dynamically stable over the time periods.

5
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

——— CUsumM 5% Significance

" 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

CUSUM of Squares 5% Significance

Figure 3: Model Stability Tests- CUSUM and CUSUMQ at 5%
significance level.

Conclusion and Policy implications

Based on the discussion, several policy recommendations are
proposed. Given that a robust financial sector has a positive impact
on Bangladesh's renewable energy development, financial sector
policies should prioritize promoting renewable energy growth.
This includes supporting new renewable energy businesses,
expanding existing projects, and ensuring adequate operational
capital by converting liquid assets into readily accessible funds.
Collaboration among key stakeholders—government, financial
institutions, and energy investors—is crucial for creating a
sustainable environment that supports a transition to green
banking. The government should adopt a “clean attitude" towards
fiscal and environmental policies, while financial institutions can
contribute by offering innovative, business-friendly green finance
packages and reviving green loans and insurance. Additionally, the
Central Bank of Bangladesh should enhance its digital payments
initiative to improve credit access, particularly for those interested
in green products, and consider offering favorable interest rates to
renewable energy investors.Bangladesh requires substantial
investment in renewable energy projects to generate sufficient
capital. The government should encourage businesses to invest in
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small-scale renewable energy production to meet their energy
needs and promote policies that strengthen companies' financial
capabilities to invest in renewable power plants, rather than
imposing unrealistic fossil fuel reduction targets. Collaboration
with neighboring countries in renewable energy research is also
vital to fostering innovation and investment in environmentally
friendly projects, leading to significant capital accumulation and
reduced environmental impacts.

The Bangladeshi government should work to reduce its reliance on
fossil fuels by phasing out subsidies and gradually introducing
environmental or carbon taxes on non-renewable energy use.
Collaboration with neighboring nations to develop clean energy
technologies and increase public awareness through incentives,
subsidies, and tax breaks for renewable energy use is essential.

Strong and stable macroeconomic policies are needed to boost
GDP and FDI, which have had limited impact on Bangladesh's
renewable energy use. The government can leverage a strong
banking sector and improving economic conditions to attract more
foreign investment, particularly in renewable energy. Finally,
policies should focus on increasing both the share of renewable
electricity and the proportion of renewable energy in total
consumption. Expanding renewable energy use will enhance
sustainability, provide financial benefits, promote economic
growth, and reduce environmental harm.

Limitations and future research direction

The study highlights several limitations and suggests directions for
future research. Firstly, the findings are specific to Bangladesh, and
similar studies could be expanded to other countries using
advanced methods like PNARDL. Future research could also
explore the role of corporate governance in the financial
development-renewable energy relationship in developing nations.
Additionally, researchers could investigate the impact of capital
accumulation on different types of renewable energy sources,
particularly in resource-rich developing countries. Including fossil
fuel energy use and other variables such as monetary policy,
environmental regulations, R&D spending, and energy innovation
strategies could further enhance the current model. Examining the
relationship between economic complexity and renewable energy,
especially in different global contexts, could also be valuable.

The study notes the increasing importance of sustainable energy in
reducing CO2 emissions, which is critical for environmental
sustainability. Bangladesh's government recognizes the need to
diversify energy sources to combat climate change. Despite various
studies on the relationship between energy consumption, financial
development, and foreign direct investment, none have specifically
addressed these factors in the context of Bangladesh's renewable
energy consumption. This study aims to fill that gap by analyzing
the effects of financial development, economic growth, CO2
emissions, and capital formation on renewable energy use from
1991 to 2020.

The findings reveal a strong positive relationship between financial
development and renewable energy consumption in Bangladesh,
suggesting that a robust financial sector supports the transition to
clean energy. Conversely, CO2 emissions negatively impact
renewable energy use, indicating the need for policies promoting
low-carbon lifestyles and reducing reliance on non-renewable
energy. The study also finds that long-term capital formation
positively affects renewable energy consumption, although short-
term effects are minimal due to Bangladesh's economic status.

Lastly, GDP growth and foreign direct investment have limited
influence on renewable energy use in the country.
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