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Abstract

Utilizing more renewable energy in a market that combines advancements in technology, finance, and
customer engagement is one of the African Union's top priorities. On the other side, there is a dearth of
information on how the financial sector upsets the development of renewable energy. We thereby assess
panel data from 21 Sub-Saharan African (SSA) nations from 2000 to 2022 to analyze the influence of
financial development, fiscal policy, and foreign capital on renewable energy development while adjusting
for industrialization and institution quality. To jointly observe the short- and long-term influences of these
factors on renewable energy development, the Panel Quantile Autoregressive Distributed Lag (PQARDL)
technique was used. Subsequently, we observed significant developmental impediments on renewables
from financial development and fiscal policy across all quantile distributions in the long-run, while foreign
capitals boosted renewable energy development throughout all quantiles except the 70" quantile.
Furthermore, a declining trend is observed in SSA's share of renewable development due to
industrialization and institutional quality in the long term. Finally, the interactive roles of fiscal policy and

institutional quality also impede renewable advancement in the SSA countries in the long term. Therefore,
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these empirical outcomes provide useful perceptions on how to galvanize foreign capital and allocate
investments in renewable development to broaden cost-competitive choices for consumers with the

ultimate goal of extending high-value-added facilities within a sustainable environment.

Keywords; Renewable energy, financial development, fiscal policy, foreign capital, ARDL Quantile

Autoregressive Distributed Lad, Sub-Saharan Africa countries.

1. Introduction

In the aftermath of the industrial revolution, the environment has been getting worse at a rate that has
never been seen before. As a result, extreme weather and natural disasters occur regularly today (Doytch
& Narayan, 2016; IPCC, 2021). Moreover, environmental deterioration influences economic actors'
consumption and production patterns and contributes to several diseases that impact humans. As a result,
stopping environmental degradation is a global issue. It is frequently stated that greenhouse gases are to
blame for the appalling state of the environment. Carbon dioxide (CO2) emissions are the most important
component of greenhouse gases, accounting for the highest proportion of the overall volume. High CO»
pollution is mostly caused by human-based production and consumption activities (IPCC, 2021). Most
industrial production primarily uses non-renewable energy sources, which produce significant amounts of
CO» emissions. Like this, many consumer activities—including logistics and transportation services—use
energy sources, particularly non-renewable ones. Hence, one of the causes of excessive carbon is the usage
of non-renewable energy (Khan et al., 2021). In contrast, non-renewable energy is also triggered by several
issues, including energy instability and price volatility, which make it difficult to make decisions about
consumption- and production-based activities. As a result, everyone in the world is looking for alternatives
to non-renewable forms of energy. Besides, renewable energy is seen as a clean energy source that reduces
CO; emissions without having a negative effect on the rate of economic growth (Assi et al., 2021). In view
of this, a diversion from the non-renewable consumption paths to renewable energy is underway globally.
The development of renewable energy is, however, being hampered by certian problems. For instance,
among the main issues that deter the generation of renewable energy are the high installation costs, the
absence of storage facilities, the lack of investment in the field, and unpredictable economic policies. To
create policies for the furtherance of greater renewable energy production, it is key to detect the drivers of

renewable energy production.



The development of renewable energy has been influenced by certain identified factors or forces,
including how an economy grows over time (Ren. et al., 2021; Hamid et al., 2022; Bozkaya et al. 2022),
price level (Buchholz & Brandenburg, 2018; Lisin, 2021), CO; emissions (Akpanke et al., 2023; Xin-gang
et al., 2020), and financial instruments (Ayana, 2022; Zhao et al., 2020), among others. Other explorations
on the elements that affect the production of renewable energy are also provided by Papaie et al. (2018)
and Tu et al. (2002). The author divides the factors that affect the production of renewable energy into
several key categories, including institutional, financial, technological, environmental, and social factors.
However, the voluminous literature still lacks the needed exploration of how financial instruments
influence the growth of renewable energy. Through several avenues, financial instruments have the power
to influence the development of renewable energy. These channels include financial development, fiscal
policy, and foreign capital; nevertheless, there are questions about the importance that each of these plays
in the growth of renewable energy. Unexpected occurrences like COVID-19 (Hosseini, 2020), trade issues
(Wang & Zhang, 2021), environmental concerns (Hamid et al., 2022), political unrest (Wang et al., 2022),
economic instability (Hamid et al., 2022), inflation (Deka et al., 2022), customer ebbs and flows (Hast et
al., 2015), and cash flow issues (Bhattacharya et al., 2020) are a few examples of these financial
instruments. These doubts have caused the growth of renewable energy to decline steadily over time. It is
important to keep in mind that financial instruments can have both a positive and a negative impact on the
growth of renewable energy. For this reason, it is essential to scrutinize further how financial tools affect

renewables in terms of their developmental pace.

The current exhibition plans to examine the effect of financial policies on the growth of renewable energy
in selected African countries based on the aforementioned discussion. The nations considered for the
research include those in the south of the Sahara Desert and were picked for the following reasons: a)
Fiscal policy is quite difficult in Sub-Saharan African nations. The 2008 financial crisis hindered the
worldwide economic growth path, and despite the recovery, financial decisions are likely to be below pre-
crisis levels; b) inflation has increased in a number of the region's countries as well, which is a problem
that is occasionally made worse by fiscal dominance brought on by high public debt levels; and c) as the
major central banks in advanced economies remove policy stimulus and raise interest rates in the coming
years, several of SSA countries are likely to experience lower economic growth. The economic
implications of the current conflict in Ukraine, particularly the resulting significant increase in energy and

food costs, are expected to make the difficulties even more challenging. Even though the continent's



economic future depends on its energy industry, its people and businesses still lack the stable domestic
energy supply that they need. The highest among all continents, Africa's energy consumption has been
rising at a pace of about 3% per year, but the continent's energy supply has lagged far behind. According
to Figure 1, the energy mix of SSA nations shows that even with fruitful renewable energy projects, the
total scale of renewables in Africa has remained fairly small over the past 30 years. Hydropower is the
only significant source of renewable energy in Africa today, as fossil fuel generation predominates. The
mix of renewable energy has changed more recently to speed up solar and wind technologies, but they are

still only 1.6% of the total.
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Figure 1: Africa Energy Mix, Source: BP Energy Outlook 2020

Concerning the use of clean energy in Africa, some of the smaller countries have set big goals for
renewable energy. Africa’s big economies are spearheading the upsurge in renewable energy stock on the
continent. With an annual growth rate of 21% between 2010 and 2020 and a total volume of more than 58
GW (of which hydropower supports 63%), renewable energy is gradually increasing across the continent.
Solar energy generation climbed by 13%, wind energy by 14%, and all other renewable energy sources
combined by 11% in 2020 over the previous year. In 2020, compared to 2019, the volume of solar panels
increased by 13%, that of wind turbines by 11%, and that of hydropower by more than 25%. Since 2013,
Africa's installed renewable energy volume has increased by nearly 24 GW. Although hydropower makes
up a high proportion of this total, investments in non-hydro renewable energy sources, including solar,

wind, and biofuels, have seen a considerable uptick and are expected to overtake hydro in the coming



decade. By the end of 2021, capacity on the continent is anticipated to climb once again, with solar and
wind projects leading the way. With more than 37 GW of installed capacity, hydropower is Africa's
primary source of renewable electricity. With an estimated 11% of its hydropower potential being used,
the continent has the most untapped hydropower potential in the entire globe. The technical potential of
geothermal, wind, solar, and biofuel is also enormous. Most African nations are increasing their
investments in solar and hydropower technologies, and current construction projects are anticipated to add
33 GW of renewable energy capacity. The statistics above are sourced from the Africa Energy Review

Report, (2021).

Eliminating fossil fuel subsidies, enforcing carbon taxes, and instituting feed-in tariffs are just a few of
the policy measures that can help reduce environmental deterioration (Zhang & Zheng, 2022). Institutional
quality plays a critical part in this effort (Uzar, 2020). According to Appiah, Li et al. (2022), a robust
institutional framework could enhance environmental quality through more effective resource allocation.
Similarly, Rahman and Sultana (2022) emphasized the importance of institutional setup for environmental
quality and economic growth by requiring the use of green energy, effective resource allocation, bolstering
the judicial system, and luring foreign investment. A poor institutional framework, on the other hand, is
unable to address the problem of environmental deterioration. Because of this, the impact of governmental
institutions on the growth of renewable energy sources must still be considered. It is clear that there is a
study vacuum not only in determining the function of financial instruments in the growth of clean energy
but also in showing the impact of institutional quality. By examining the effects of key monetary
instrument indicators such as fiscal policy, financial development (Haouas et al., 2022), and foreign capital

on the advancement of renewable energy, this study henceforth bridges these gaps.

2. Literature Review and Theoretical Background

The theoretical underpinning that encapsulates the link between the variables in the current study is
connected to the pollution Haven hypothesis and the pollution Halo hypothesis. There appears to be a
consensus on the need for energy transition to renewables following the rise in environmental pollution
given the increase in energy demand over the past decades (Chapman et al, 2018; Onifade & Alola, 2022).
As such, the calls for environmental pollution control are increasing by the day and some of the necessary
actions in line with pollution control often center on the demand for more climate action and responsibility

vis-a-vis responsible production and consumption. On the part of many investors (manufacturers),



executing related tasks in this direction such as payment of carbon tax and adherence to strict
environmental regulations among others, often comes as an extra cost that investors may try to avoid. In
this regard, according to the pollution haven hypothesis, polluting factories can be shifted elsewhere
especially through the transfer of investments abroad. Hence, it is argued that the foreign capitals
movement amidst other global financial development indicators would create more pollution rather than
benefiting the environment (Walter & Ugelow, 1979; Balsalobre-Lorente et al. 2019; Onifade et al. 2021).
While this may be true, it is also pertinent to examine the other side of the coin. There are arguments that
this capital movement would create better environmental quality as postulated in the pollution halo
hypothesis (Birdsall & Wheeler, 1993; Ahmad et al. 2021). Nevertheless, the overall opinions regarding
the validity of these two divergent theoretical views are still subject to empirical testing. Therefore, in the
current study, based on the nature of the link between the variables, we have split the literature into three
competing nexuses. These nexuses include the connections between (I) financial development and the
development of renewable energy, (II) fiscal policy and the development of renewable energy, and (III)

foreign direct investment & advancement in renewable energy.

2.1 Financial developments and renewable energy advancement

According to Inglesi-Lotz (2016), renewable energy is an essential socially optimal public policy goal that
ensures intergenerational energy security and efficiency, and greenhouse gas reduction to maintain
environmental sustainability and social desirability. Nonetheless, the global expansion of greener energy
is currently notably insufficient. The lack of public sentiment and the affordability of fossil fuels, in
addition to some governments' inertia, contribute to this inadequacy (Sequeira and Santos, 2018). The
main barrier to evolving technological innovations and achieving low-carbon economies, however, is a
financial constraint (EIA, 2015). In addition to being a barrier to the generation of renewable energy,
financing is essential for R&D to boost economic viability, investments in raising consumer awareness,
advocacy for policymaking, and investments in the wholesale and retail markets for renewable energy.
Although financing sustainable energy remains a significant obstacle, things are changing. Increasing
consumer knowledge and demand for renewable energy have culminated in a global drive for ecological
responsibility by a wide range of stakeholders (including academic projects, NOG activism, civil society
organizations, and activist organizations, among others). Demand and awareness have led to the enormous

commercial potential for renewable energy that exists today, encouraging potential investors to exploit



never-before-seen future market opportunities (Grabara et al., 2021; Yoshino and Taghizadeh-Hesary,

2018).

Particularly among SSA nations, the study on the connection between financial developments has gotten
less attention. Clearly, there is much research on this relationship in industrialized countries, and most of
the studies put financial changes into different groups. For instance, Liming (2009) compares the financing
options for rural renewable energy development in China and India and contends that the stock market
has grown to be a significant source of funding for projects, particularly those involving renewable energy.
In their study of 20 developing market economies from 1991 to 2012, Paramati et al. (2016) discovered a
significant favorable impact of stock market developments on the adoption of renewable energy sources.
The authors contend that the growth of a stock market and FDI can influence developing nations to employ
cutting-edge technologies to produce clean energy, which subsequently increases the share of clean energy
consumption. The main premise is that the growth of the stock market enables investors to earn higher
risk-adjusted returns while assisting renewable energy initiatives in obtaining funding. Using a panel of
data for 20 developing nations from 1991 to 2012, the model demonstrates a significant positive impact
from the output, FDI inflows, and stock market development on the use of clean energy. These results are
at odds with those of Lee (2013), who found no association between FDI flows and the use of clean energy
by G20 nations. He et al. (2019) look into how green financing has helped propel China's renewable energy
sector. They show that the relationship between green finance and green development is not linear by
using data from publicly traded companies. The significance of financial growth for emission reduction is
further supported by Kim and Park (2016). This is due to its crucial role in spreading the use of alternative
energy sources. Using a panel of 30 nations, their empirical model follows the evolution of the equity and
credit markets. The effects of economic growth on various forms of renewable energy vary widely. Solar
photovoltaics, for instance, stand to gain more than biomass or geothermal power. Financial development,
growth, capital, commerce, and energy use in China have been studied using a range of indicators
(Shahbaz et al., 2013; Ofori et al. 2023). These indicators include FDI influx, stock market advancements,
and banking activities. Their data shows that economic growth raises energy needs, which can lead to
more pollution and a greater reliance on fossil fuels. China has to increase energy efficiency and invest in

renewable energy for the long haul.

The available literature generally demonstrates an increasing interest in advancing renewable energy

growth, and the usefulness of financial development has been clearly demonstrated, albeit mainly in a



small number of nations. Thus, these studies, to start with, are not particular to SSA nations. As was
already indicated, SSA nations are in a transitional phase and are looking for funding in this regard. What
types of financial development are more important, and how much can they contribute to the development
of renewable energy? These are the challenges facing policymakers. There are no clear answers to these
queries in the existing literature. SSA nations' unique circumstances are not covered by these cross-country
studies, even though they offer important information on the factors that influence the growth of renewable
energy. We believe that the growth of financial development will enable investors to take advantage of
the commercial and socially desired potential of renewable energy technologies by synthesizing the stated
facts. Therefore, we hypothesized that H;: Financial development significantly enhances renewable

energy development.

2.2 Fiscal policy and renewable energy development nexus

The idea of the fiscal policy refers to a method of managing income and expenses. The income component
of fiscal policy also addresses the issue of taxation-based revenue collection. Tax increases and cuts can
both be used to achieve this (Ayana, 2022). On the other hand, the expenditure component of fiscal policy
addresses how much money the government spends on various things. Hence, fiscal policy is a planned
tool used by the government to raise money and control spending in an economy (Ayana, 2022). Keynes
was the first to theorize fiscal policy, and Keynesian economists are now popularizing it. A three-part
fiscal policy is described. A neutral budgetary policy comes first. A strong economy uses this kind of
fiscal policy. The recession and the expansion have not negatively impacted the economy (Jahan et al.,
2014). The fiscal policy that is in contraction is the second. It is relevant when decreasing deficit spending
is hurting the economy. In other words, when there is a problem with excessive inflation, contractionary
fiscal policy is preferred. You can implement a tight (contractionary) fiscal policy by increasing tax rates
and decreasing government spending. Fiscal expansion is the third factor. It is applicable when
unemployment is a problem for an economy. This time, countries lower taxes and increase expenditure
on the government in an effort to boost economic growth. To counteract unemployment, an economy's

investment rises (Hansen, 2003).

Sub-Saharan Africa's fiscal policy has important goals, just like anywhere else's. These are: 1. Economic
growth: All governments in sub-Saharan Africa have economic growth as their top priority. In order to do

this, they implement the budgetary policy. They invest more money in building schools, roads, hospitals,



and other infrastructure in order to accomplish this goal (Mazorodze, 2018). 2. Price Stability: Inflation,
in general, and sub-Saharan African nations, in particular, face severe challenges. This is evident. Fiscal
policy is a way to treat the issue because inflationary occurrences are constant in this area (Ayana, 2022).
3. Optimal resource distribution: Since it can be difficult for emerging nations to utilize their resources
effectively, fiscal strategy is advised. The developing world can adopt better procedures for funding
deficits, broaden the base and rate of their taxes, and enhance the management of their physical resources
to encourage better resource allocation (Igwe et al., 2019). 4. Promote investment: Developing countries
utilize fiscal policy to encourage investment because it is the answer to macroeconomic problems like
unemployment. Spending on unnecessary purchases and investments should be reduced in developing
countries. Moreover, emerging nations should expand their marketplaces and boost social and marginal

productivity in their societies (Benos, 2009).

There is a rising discussion about the usefulness of fiscal policy in fostering equitable and environmentally
friendly economies. On the bond between fiscal tools and the growth of renewable energy, little empirical
research has been done. For instance, Azhgaliyeva et al. (2019) observed that the fiscal policy had a
substantial impact on the investment in the generation of renewable energy over the period of 2004-2016.
In the FMOLS paradigm, a recent study by Florea et al. (2021) found that budget & public debt policies
jointly produced an unintended effect on the use of renewable energy in the European Union. Moreover,
Yoshino and Taghizadeh-Hesary (2018) believe that financing for renewable energy projects is scarce or
comes with high-interest rates, making them riskier investments. The conclusion of this study was that tax
money collected from polluting entities should go into programs that produce renewable energy.
According to Sen (2017), the industrialized European nations' extraordinary reliance on renewable energy
can be attributed to the stream of fiscal incentives in those nations. Yet, Turkey, which is creative in
renewable energy, has lagged since its fiscal incentives through fiscal policy have not acquired a good
advantage in terms of fiscal policy incentives. Similarly, Meng et al. (2022) found that fiscal tax incentives
reduce underinvestment in renewable energy and fiscal tax subsidies worsen overinvestment, utilizing
data from 158 renewable energy firms over the period of 2010-2018 in the Richardson model framework.
Evaluation of data from 2010-2017 also suggests that tax discounts help overall investment (Chang et al.,
2020). The possibility of using fuels and energy to achieve energy security, combat climate change, and

advance other sustainable development goals is discussed (Brown & Chandler, 2008). We argue that



sustainable societies require sound fiscal and monetary policies. As such, we hypothesized that H>: Fiscal

policy (taxation) significantly enhances renewable energy development.

2.3 Foreign capital and renewable energy development linkage

Foreign capital (FC) is generally acknowledged as a significant origin of funding for the international
transfer of technology and know-how. The linkage between FDI inflows and energy-related concerns like
energy consumption (Akpanke et al., 2023; Boohene & Darkwah, 2023; Paramati et al., 2016; Sarkodie
et al., 2020), energy production (Khan et al., 2021; Rashed et al., 2022; Shang et al., 2023), and energy
security (Koyama & Krane, 2021; Le & Park, 2021; Rajavuori & Huhta, 2020; Zhao et al., 2020) have
been seen in the literature (Le & Park, 2021; Rajavuori & Huhta, 2020; Rajavuori & Huhta, 2020).
Unfortunately, there hasn't been much focus on considering the connection between FDI inflows and the
growth of clean energy. For the UAE economy, Sbia et al. (2014) discovered bidirectional causality
between FDI and clean energy. List and Co (2000) contend, however, that by lowering CO2 emissions,
FDI would raise energy efficiency in the countries where it flows into. According to Lee (2013), FDI
inflows can help with environmental issues, which results in the development of eco-friendly goods and
technology that benefits both businesses and the wider community. In contrast, Doytch and Narayan
(2016) found that, across a panel of 74 nations, FDI generally inhibits the use of dirty energy, promotes
energy efficiency, and shifts toward renewable energy sources. FDI and stock markets are crucial for
boosting renewable energy consumption, according to research by Kutan et al. (2018) on the "determinants
of renewable energy consumption" for BRICS states. Parallel to this, Paramati et al. (2016) reported that
enlarged FDI inflows encourage the production of renewable energy and are advantageous for reducing
CO2 emissions. It was refuted by Lin et al. (2016) and Kilicarslan (2019) that FDI and renewable energy

have a beneficial association.

It has also been observed in the literature that the inflow of foreign investments could facilitate modern
and clean energy technology acceptance by all as well as help to reach efficiency targets with low emission
rates (List & Co., 2000; Tamazian et al., 2009). According to Elliott et al. (2013), the inflows of foreign
investments worsen the intensity of energy in the Chinese case. (Amri, 2016) examined the relationship
between FDI, GDP, and energy use across 75 nations. There was proof of a connection between FDI
output per person, conventional energy consumption per person, and green energy consumption per

person. According to the author, a 1% increase in renewable energy increased FDI by 0.1850%, but the



opposite is also true: a 1% increase in FDI increased the amount of renewable energy used by 0.2920%.
These findings were attained using a dynamic panel model and the Cobb-Douglas production function.
Moreover, Khandker et al. (2018) calculated the causality between FDI and renewable energy in
Bangladesh from 1980 to 2015. They discovered that FDI serves as a source of capital that draws investors
to the energy and renewable energy industries. They concluded that there are reciprocal relationships
between FDI and Bangladesh's use of renewable energy. The cointegration link between FDI, clean
energy, trade openness, energy consumption, and GDP in the UAE from 1975 to 2011 was further
validated by Sbia et al. (2014). Also, they discovered more connections between these variables. The
effect of FDI on renewables is equally examined by Lee (2013) across the G20 states. The author shows
that there is no connection between FDI inflows and clean energy. Hence, we hypothesized H3: Foreign

capital significantly enhances renewable energy development.

Literature Gaps and Contributions

A thorough examination of the empirical literature revealed that the relationship between FDI and
renewable energy is well examined. However, research on their involvement in the buildout of renewable
energy is lacking, particularly in developing nations, and the findings are conflicting. Hence, further
research is needed to supplement the scant conversation on FDI and the growth of renewable energy. Most
importantly, we have observed that no research has been done to reveal and contrast the results of SSA
countries. Considering the aforementioned goals, this study, therefore, sought to make important policy
recommendations in this study. Overall, the contributions of this work are summarized in three
dimensions. In SSA nations, this is the first attempt to combine financial instruments with the development
of renewable energy. Importantly, when examining individual variables’ roles in the renewable energy
development assessment, we addressed financial instruments in three separate broad categories: financial
development, fiscal policy, and foreign capital. The study also examines how institutional quality affects
the relationship between fiscal policy and the growth of renewable energy sources. The findings can serve
as significant guidance for creating policies for renewable energy. These nations may have the chance to
benefit politically and environmentally if institutional quality is found to have a beneficial impact on
renewable energy. The study is distinct from Tu et al. (2022) and Papaie et al. (2018), which employ many
measures to assess the development of renewable energy. With the aid of the innovative panel quantile
ARDL (Cho et al., 2015), the projected dynamics among financial development, fiscal policy, foreign

investment, and the development of renewable energy sources were later examined. Also, in a bid to



confirm the consistency of integrating coefficients throughout the quantiles, both the long- and short-term

effects are evaluated.

3. Data, Model, and methodology

To conduct an empirical analysis, the current study constructs a balanced panel of 21 developing
economies (SSA countries) from 2000 to 2022 utilizing annual time series data. The aims of UN-SDG 7
and how they might be accomplished through financial factors, including financial development, fiscal
policy, and foreign capital, were the basis for choosing the sample. In the multivariate framework of the
current study, dollar amounts are used to measure investments in renewable energy. It mostly refers to
internal investment, which is the money used by businesses to buy different types of operational assets,
such as fixed assets, intangible assets, and other long-term assets. In this study, renewable energy
investment is defined as the money spent by renewable energy firms on fixed assets, intangible assets, and
other items that utilize renewable energy development (Li and Yang, 2015). Information, enforcement,
and transaction costs are lessened by financial development related to financial instruments, markets, and
intermediaries; fiscal policy explains the total amount of government spending to affect the economy; and
foreign capital is a cross-border investment made by businesses and nations. One may define foreign
capital as a net inflow of investment into a nation. Industrialization, which denotes that the value added is
the net output of a sector after adding up all outputs and removing intermediate inputs, and institutional
quality, which is defined by the CPIA’s measurement, are taken into consideration as control variables in
the study. The World Bank serves as the primary data source for the entire study series. The IMF is

responsible for financial development.

3.1 Model

Based on empirical evidence and our main hypotheses, this work gives two different models for classifying
the dynamic effects of financial development, fiscal policy, and foreign capital on the development of
renewable energy. According to the report, foreign capital, fiscal policy, and financial development all
favor the development of renewable energy in SSA nations. Many studies in various parts of the world
have also looked into similar claims. A couple of studies have shown that countries with abundant

financial resources can utilize their financial clout to support RE development and thereby slow down



environmental damage. (Usman et al., 2022) provided evidence that rich financial resource states can use
their funds to accelerate renewable energy development, in contrast to developing countries that lack the
financial infrastructure to do so. The usage of fossil fuel energy, which is generally inexpensive and simple
to harness, is common in countries with limited financial resources, which indicates an adverse bearing
on the ecology (Doran et al., 2023; Onifade, 2023). The literature provides reams of data indicating that
financial development is crucial for creating sustainable renewable energy projects that aim to attain
carbon neutrality objectives (Tong et al., 2022). Consequently, by funding renewable energy projects,
financial development indirectly lowers greenhouse gas emissions and, subsequently, global warming

(Zhongming et al., 2018).

Only a few researchers have looked at the linkage involving foreign capital and renewable energy
development in the FDI-RED nexus, but those that have (Kutan et al., 2018) found a considerable positive
effect. He further observed that FDI is crucial to advancing the development of renewable energy. These
results demonstrate that countries with limited financial resources may use funding from foreign investors
to promote RE. In addition to fostering the growth of RE, FDI has a detrimental impact on CO2 outflows,
as shown by Bhujabal et al. (2021). Hence, encouraging FDI inflows among emerging countries is vital.
The conclusion that fiscal policy has a positive impact on the development of renewable energy is
supported by some studies, including Chien et al. (2022; Xin-gang et al., 2020). According to Chien et al.
(2022), many international nations could greatly alleviate their energy scarcity by increasing their
efficiency as well as environmental fiscal policies linked to public contribution and tax reduction. A
single-way connection between fiscal policy and energy use was also discovered by Ike (2020). They
validated the significance of fiscal policy on energy usage and ecological quality in their study, which
used data from Thailand. Whether environmental taxes can spur the production of renewable energy was
the subject of a study that built an even model of the energy trade under the control of environmental
taxes. They concluded that the regulation of environmental taxes might raise the proportion of renewable
energy output in China's energy trade. The first equation (1) is a description of the initial experimental

model created to test the aforementioned presumptions:

RED;;= at+ ﬁ]FD,'t + ﬁzF[Sit-f— ﬂ3FCit +ﬁ4IQit+ﬂ5]NDit+8iz .......... (1)

In the model above, RED represents renewable energy development, FD, FIS, FC, 1Q and IND signify

financial development, fiscal policy, foreign capital, institutional quality and industrialization,



respectively. a denotes the intercept with ;; defines cross-sectional countries and time, including ¢ as the

error term.

The second model includes fiscal policy as an independent variable and takes institutional quality into
account as a moderator. There is not much scientific data supporting the institution-renewable energy
development link (Rahman & Sultana, 2022; Uzar, 2020). This omission in the literature on renewable
energy development is shocking, given the relevance of institutional quality in the rise of renewable energy
usage. To estimate imbalanced data of institutional effectiveness built on panel data from 1997 to 2019,
(Rahman & Sultana, 2022) used the panel ARDL approach. The study aims to provide light on the area's
policies and research. The findings show a positive correlation between enforced restrictions, high-quality
regulations, and the switch to renewable energy. According to (Rahman & Sultana, 2022), institutional
quality and renewable energy are positively associated. (Wang et al., 2022)'s study indicated that weak
institutional governance has an adverse influence on the environment and stressed the significance of

institutional governance for OECD economies. The following model is created based on the presumptions:
REDj;= a+ BiFDi+[F1Si~+ p3FCit +f4QitPsINDi+(Bs FISi*1Qi) ~ei..... (2)

From the model, the new addition is the interactive effects. It is hypothesized that B¢ has a positive linkage

with renewable energy development.

3.2 Methodology

Here, the study presents the following econometric approaches to investigate the influences of financial
development, fiscal policy, and foreign capital on renewable energy development. The study again
explored the moderation role played by institutional quality, which is revealed to be an influencing
variable in the growth of renewable energy among SSA countries. The section begins with the preliminary
tests, which consist of the CSD, SCH, unit root tests, and cointegration estimations. The next stage deals
with the assessment of both the long- and short-term coefficients. The article went through five different

stages of estimation to realize the objectives.

3.2.1 Panel CSD, SCH and Unit root

When working with datasets, preliminary tests are necessary, especially for heterogeneous panel analysis,
which relies more on panel series structures than homogeneous panel computation, which is modeled by

a linear model of random and fixed effects with an individual slope. By analyzing the variable for each



cross-section, the heterogeneous panel evaluation, as opposed to the homogeneous panel analysis, focuses
on the series movements. The fixed and weighted panel estimator, developed by Pasaran and Yamagata
(2008) and employed in this inquiry, is compared to a pooled estimate's reliability using the slope
homogeneity test. Additionally, a unit root testing approach is performed to find the series' non-stationarity
characteristics in order to resolve the disruptions from them. It ought to be carried out following the slope
homogeneity test. We carry out unit root testing to prevent the false regression issue (Fan & Hao, 2020;

Wang et al., 2022).

There have been many unit root testing methodologies put out, and each trial has a null and alternative
proposition. Using two-unit root testing methodologies, non-stationarity in individual panel series is
determined. The CIPS and CADF tests, which were created by Pasaran (2007), are these two-unit root
tests. These tests, as opposed to the first-generation unit root analysis, can remove serial correlation and
allow constant cross-section dependency (Appiah, Onifade, et al., 2022; Karim et al., 2022). After these
unit root tests rule out the null hypothesis, the evaluation should be conducted using methods that can
handle non-stationary datasets. Another circumstance that influences panel findings is the CSD test, which
is conducted on each variable in a manner similar to the unit root test. (Pesaran, 2004; Pesaran, 2015;

Pesaran et al., 2008) recommend two CSD tests that were used in the study.

3.2.2 Panel cointegration

After checking the order of integration of the variables being looked at, it is very important to look at the
long-term dynamics of the model. Because of this, Westerlund and Edgerton (2007) created the error
correction-based (ECM) cointegration test, which does not rely heavily on prior knowledge regarding the
integration orders of series that allow for the existence of different solidity ranks in the regressors and
considers the CSD and slope heterogeneity issues. As a result, this test can be used in a variety of situations
(Wolde-Rufael and Weldemeskel, 2020). Finally, this method favors a flexible bootstrapping process that
enables numerous long-run co-integration tests. This approach is based on four tests of valuation,
including two mean-group analyses (Gt and Ga) and two panel exams. (Pt. and Pa.). The mean group test
results show the alternative, while the panel test results assume that the panel is long-run cointegrated.
The hypothesis (H1) with the smallest possible long-term link between the variables (Kilicarslan, 2019;
Sequeira and Santos, 2018; Westerlund and Edgerton, 2007).

3.3.3 Panel Quantile Autoregressive distributed lag (P)QARDL) Estimation.



The panel quantile ARDL approach is used in this study to investigate the relationships among financial
development, fiscal policy, foreign capital, and the development of renewable energy across various
quantiles of the dependent variable. This model's key benefit is that it is more resistant to non-normal
errors. It also considers the dependent variable's skewness, heterogeneity, and outliers (Hashmi et al., 2022;
Sahin & Sahin, 2023). To study the interactions between financial development, fiscal policy, foreign
capital, and the development of renewable energy sources, we apply the following standard OLS
specification as a benchmark. To prevent omitted variable bias, the following equations additionally

include 1Q and IND as control variables.

RED;= a+ B1FDj: + BoFISi+ B3FCit +41Qi+S5INDi+eir... ... (3)

RED here is the explained variable that depends on other explanatory factors like FD, FIS, and FC, with
IQ and IND acting as the appropriate controls. We specifically use (Cho et al., 2015) quantile's ARDL
(QARDL) in this investigation. By evaluating the short-run and long-run effects across several quantiles
of the dependent variable, this model expands on the conventional ARDL model. The benefit of this model
is that it makes it easier to analyze how independent variables affect the dependent variable over the short-
and long-term at various quantiles of the dependent variable (Peng et al., 2022). Moreover, it offers
superior outcomes with a smaller sample size. Finally, it is helpful when the variables are integrated of
order zero (I(0)) or one (I(1)), just like the ARDL model (Hashmi et al., 2022; Peng et al., 2022).
Unfortunately, when either of the variables is integrated of order two, this model is unable to produce
solid findings. Consequently, we employ CIPS and CADF unit root tests with CSD and SCH preventive
routines to examine the order of integration of the variables. After verifying the variables' integration order,
we move on and employ the QARDL model suggested by (Cho et al., 2015). The following QARDL
models, which are based on the common OLS model in equations (1) and (2), are produced by extending
the ARDL model in the quantile framework. We offer the QARDL model in the following structure, as
suggested by [44], following [42] and [33].

QREDi=0i(y)+ X2, bie (W) AREDicit 12 cie (W) AFDiwit 32 die(W) AFISiit TP eie (b) AFcie



which has residuals that are independent, normally distributed, have a zero mean, and have a constant
variance. The coefficients to be calculated are represented by the elements (c,d,e,f,g,h). The ECM is
included in the model mentioned above. The speed of adjustment to the equilibrium level is designated by

the parameter ;. The dependent variable in the ECM model is RED, and it is specified as follows:

ORED=0i(y)+ Y12y by () ARED;i+ ¥z cie (U) AFDir+ X152, die (W) AFIS it Sy e (U) AFc i

Subsequently, the following quantiles were applied in the empirical investigations: (y)=(0.10, 0.30, 0.50,
0.70, 0.90).

4. Results and Discussion

The results and discussion section begin with the preliminary analysis. The summary statistics and
assessment of the correlation coefficient are the empirical findings of the study that are covered in this
part and depicted in table 1. All the variables indicated a negatively skewed analysis span, with the
omission of financial development, institutional quality, and foreign capital, which have positive
skewness, according to Table 1's fundamental assessment of the coefficients under consideration. Kurtosis
demonstrates that only institutional quality obtained a light tail in comparison to the dataset's peaks,
whereas the other variables (renewable energy, financial development, fiscal policy, industrialization, and
foreign capital) all have hefty tails. According to the median values of fiscal policies (FIS), the average
government financial subsidy for the development of renewable energy in SSA is 3.5%. Nonetheless,
industrialization and foreign capital accumulated a mean of 6.0 and 3.7, respectively. Nonetheless, the
fiscal policy's standard deviation is lower than that of any other development-related factors for renewable
energy, which shows that its supports are more stable. The institutional quality and industrialization
standard deviations among the control variables are 0.698 and 13.07, respectively, showing that the laws
and regulations governing the construction of industries for the development of renewable energy differ
greatly. According to the results of the correlation study, all of the variables (RED, FD, FIS, 1Q, and IND)
are positively and significantly connected with the dependent variable; however, foreign capital has a

negative and significant affiliation with the development of clean energy sources. However, there is



criticism of the Pearson correlation evaluation, necessitating additional econometric analysis, which is

covered in the next step of the current investigation.

Table 1: Descriptive Statistics

RED FD FIS 1Q IND FC
Mean 77.39517 1.030255 3.477778 3.094857 5.993273 3.704228
Median 80.64 754673 3.5 3 5.23244 1.91836
Std Dev. 13.03055 .6842197 .6673563 .6979923 13.07159 6.356729
Minimum 36.15 0 1 1.5 -75.0456 -5.20812
Maximum 94.73 3.53046 4.5 4.5 127.446 40.1672
Skewness -1.312555 1.705111 -.7960433 -.2248712 3.391475 2.977298
Kurtosis 4.286117 5.790544 4.232044 2.770747 40.52468 12.76574
Correlation Statistics
RED 1.0000
FD 0.0226 1.0000
FIS 0.0456 -0.3006™" 1.0000
1Q 0.0685 0.2531""" -0.0302 1.0000
IND 0.0889 -0.0031 0.0488 0.0504 1.0000
FC -0.3235™" -0.0074 0.0052 -0.0820 -0.0271 1.0000
Note: ***, ** and * denote the significance at 1%, 5% and 10% level, respectively
Table 2: CSD and SCH Test
Test Delta P-value
Pesaran's test of CSD 15.311 0.000™"
Slope Homogeneity 6.661 0.000"*"
Slope Homogeneity (Adjusted) 9.121 0.000"*"
Note: ***, ** and * denote the significance at 1%, 5% and 10% level, respectively
Table 3: Panel Unit Root Tests
RED | FD | FIS 1Q | IND FC
Level Estimation
CIPS Test -1.559 -1.853 -2.067 -1.726 -2.837" -2.281™"
CADF Test -1.561" 0.441 -0.524 0.635 -1.599" -1.756"
First Difference Estimation
CIPS Test -2.531™ -3.600™" -3.691™" -3.802™" -4.333™ -4.250™"
CADF Test 1.756" -3.327" -3.987" -2.243™ -5.564™" -5.540™"

Note: ***, ** and * denote the significance at 1%, 5% and 10% level, respectively

As was already mentioned, there are a number of economic and non-economic factors at play when one

country relies on another to accomplish its goals, which leads to some parallels and variances. The Pesaran



and Yamagata, there are a number of economic and non-economic factors at play when one country relies
on another to accomplish its goals, which leads to some parallels and variances. The Pesaran and
Yamagata (2008) SCH test is used in this case, and the outcomes are shown in Table 2. Because
disregarding the slope heterogeneity/homogeneity issue could result in inaccurate estimation (Korankye
et al., 2021). It is crucial to determine whether the slopes are diverse as a result. The empirical estimates
of both SCH and adjusted SCH (adjusted) are highly statistically significant, supporting the null
hypothesis that slopes are homogeneous. In light of this, it might be deduced that the slopes' coefficients
are heterogeneous and that the null hypothesis may need to be rejected. On the other hand, Gyamfi et al.
(2021) asserted that as cross-sectional dependency causes estimate bias, a problem with the panel data
may be discovered. According to empirical estimations see table 2, all variables are shown to be highly
statistically significant, rejecting the null hypothesis of cross-sectional independence. Yet, because these
variables are cross-sectional dependent, it is further demonstrated that industrialization, financial
development, fiscal policy, institutional quality, and the influx of foreign capital in one country have an
impact on the aforementioned factors in other economies. Given that the variables exhibited cross-
sectional reliance and slope heterogeneity, using the empirical results revealed in Table 3, this study used
the second-generation unit root testing approach, which included the CIPS and CADF tests (Pesaran,
2007). According to the empirical findings, only two variables—IND and FC—provide statistically
significant estimates at [(0) with the CIPS test, and (RED, IND, and FC) with the CADF estimates, so the
null hypothesis that there is a unit root in the time variables is rejected. The final three variables, however,
are non-stationary at [ (0). In order to test for stationarity at I(1), when these variables yield significant
estimates that rule out the existence of a unit root, this study tested for stationarity at that point. As a result,

all the variables are discovered to be stationary while integrating in a mixed order.

Table 4: Panel Cointegration Test

Gt Ga Py Pa
FD -6.966""" -4.702™*" -1.989™ -6.376"""
FIS -6.411""" -3.583™ -8.222™" -7.796"""
1Q -1.701™" -5.838™" -4.123™ -10.788"""
IND -3.665™"" -7.9477" -3.971°" -7.231°
FC -3.065™" -3.874™ 1.937 -1.5117

Note: ***, ** and * denote the significance at 1%, 5% and 10% level, respectively

The application of the cointegration test, which must be of the second generation, is sanctioned once the
order of the variables' integration is determined. The outcomes of the panel cointegration test used in this

investigation by Westerlund (2008) are shown in Table 4. The empirical findings show that, despite cross-



sectional dependence, there is strong cointegration between the variables. Four tests are included in the
cointegration analysis (Gt, Ga, Pt, and Pa). The findings indicated above suggest that there is
cointegration between the dependent and independent variables. It is comprehensible why FD, FIS, 1Q,
IND, and FC have a long-term connection to the growth of renewable energy in SSA countries. The
calculation of long-run coefficients is necessary to determine whether cointegration exists or not. The

analysis went on to access the panel QARDL's long-term impact.

4.1 Main Regression Results

From the discussion section below, the main regression results are depicted through the employment of the panel

quantile auto regressive distributed lag approach.

Table 5: Panel Quantile ARDL Tests

Model 1 Model 2
Short Term Short Term
0.10 0.30 0.50 0.70 0.90 0.10 0.30 0.50 0.70 0.90
FD -0.0049 -0.0022 -0.0005 0.0019 0.0011 -0.0057 -0.007(- -0.0029 -0.0045 -0.0046
(2.756)™" (-2.307) " (-0.534) (10.56)"™ (42.66)"" (-15.989)™" 3.874)™" (-3.041)™ (-8.053)™" (-41.23)"™
FIS 0.0633 0.0312 0.0507 0.0219 0.0568 11.4300 12.1900 8.9230 12.2300 11.2700
(10.30) " (7.886) " (12.50"" (13.25)"" (491.1)™" (33.83)"™ (14.871)" (7.894)" (38.10)™ (315.6)™
1Q -0.0076 -0.0126 -0.0102 -0.0084 -0.0138 11.38 12.15 8.848 12.18 11.22
(-1.662)" (-3.956)™" (-4.907) ™" | (-11.53)™" | (-238.9)""" (33.749)™ (14.79) (7.852)™" (37.79)"™ (313.3)™
IND | -0.0037 -0.0022 -0.0040 -0.0042 -0.0038 -0.0053 -0.0045 -0.0048 -0.0048 -0.0049
(-8.994)"™" (-5.080)"" (-18.06)™ (-10.92)"" (-416.0)"™ (-34.48)"" (-17.8D)™ (-9.1471)™ (-24.83)"" (-103.0)"
FC -0.0002 0.0005 -7.1505 -0.0009 0.0014 0.0013 0.0023 0.00086 0.0017 0.0018
(-0.582) (2.613)™ (-0.260) (-3.782)™" (296.9)"" (7.524)"™ (11.76)"" (3.042)"" (5.3549)™ (98.99)™"
FIS* | - - - - - -11.3900 -12.1600 -8.8600 -12.1900 -11.2300
1Q (-33.76)™" (-14.82)" (-7.859)"™ (-37.94)™ (-313.1)"™
Long Term Long Term
llred | 0.0264(16. 0.0271(21. 0.0273(19. 0.0157(19. 0.0235(479 | 0.0326(24. 0.0258(15. 0.0331(21. 0.0313(36. 0.0318
69)""* 66)""* 94)"*" 49y . 63)™ 08)""* 00)"** 79y (412.4)™
FD -0.0052 -0.0022 -0.0026 -0.0028 -0.0040 -0.0026 -0.0039 -0.0009 -0.0020 -0.0020
(-6.480)"" (-4.838)"" (-4.53)™" (-11.21)"™ (-152.8)"™"" (-7.343)"™" (-5.380)"™" (-2.265)"" (-4.976)"" (-72.21)"™
FIS -0.0143 -0.0164 -0.0100 -0.0175 -0.0188 2.4430 4.1930 3.2140 3.4390 3.0860(70.
(-5.769)"™" (-10.72)"™" (-6.423)"™ (-16.59)™" (-455.8)"™ (12.36)™ (6.312)™ (2.073)™ (11.08)"™ 0™
IQ -0.0060(- 0.0024 0.0013 -0.002 -0.0017 2.4590 4.2060 3.2230 3.4530 3.0990
3.557)"™" (3.527)™ (1.323) (-4.002)"™" (-43.70)™" (12.44)"" (6.322)"™" (2.081)" (11.12)"™ (70.27)"™"
IND | -0.0026 0.0011 -0.0029 -0.0045 -0.0024 -0.0035 -0.0030 -0.0047 -0.0025 -0.0029
(-6.967)"" (1.871)" (-6.483)"™" (-25.25)"" (-262.4)™" (-23.19)™" (-6.801)"™" (-18.76)"™" (-15.38)"" (-34.36)""
FC 0.0007 0.0007 1.9805 -0.0003 0.0015 0.0016 0.0018 0.0005 0.0012 0.0016
(5.044) (3.770)"™ (0.164) (-3.000) = (336.9)" (23.20)"™ (15.48)™" 2.8171)™ (10.88)"™ (122.4)™
FIS* | - - - - - -2.4570 -4.2060 -3.2250 -3.4540 -3.1010
1Q (-12.43)"™" (-6.329)"™" (-2.082)"" (-11.14)™" (-70.35)"™"

Note: *** ** and * denote the significance at 1%, 5% and 10% level, respectively

As was already established, the variables' dynamism and the presence of cointegration indicated that they

were moving along a long-term trajectory. As a result, the innovative QARDL, which handles auto-




correlation as well as locational asymmetries, was used in the current investigation. This is significant
since the criteria could change depending on where renewable energy projects are developed. The QARDL
method examines the long-term equilibrium effects of financial development, fiscal policies, institutional
quality, industrialization, and foreign capital on the development of renewable energy across quantiles, as
was previously demonstrated. The Wald test allows for the verification of the stability of the integrating
coefficients across a wide variety of quantiles while simultaneously testing the time-varying relationship

of integration. Table 5 provides the predicted outcomes of the aforementioned strategy.

The QARDL estimation findings are split into two models: model 1 deals with the dynamic relationship
between independent factors and dependent variables, and model 2 deals with the interaction impact. The
long-term and short-term effects of the panel are shown in Table 2. When the development of renewable
energy sources is employed as the dependent variable and the explanatory factors include financial
development, fiscal policy, institutional quality, industrialization, and foreign capital, quantile ARDL
findings are obtained. Long-term financial development and fiscal policy have a negative and considerable
impact on the specified quantiles. Results over the long run are more crucial since they are meaningful.
The high capital-to-operation and maintenance cost ratio in renewable energy projects is just one of many
barriers that make it difficult for these projects to attract financial sources in SSA nations. Moreover,
renewable energy projects have a high development-to-investment cost ratio. Moreover, the costs of
producing renewable energy are not accurately priced. Due to this, the risk profile for the majority of
projects has increased, which needs to be fixed to please lenders and investors. Financial institutions have
focused their assistance on projects and investments that support the oil trade and sectors reliant on this
energy due to the SSA countries' need for quick growth. The government's investment in industrialization
in Ghana as well as the most recent oil extraction facility built by the Nigerian government served as
inspiration for this outcome. It was shown that as financial development increases as a percentage in SSA
nations, renewable energy development decreases by -0.0052 (10), -0.0022 (30), -0.0026(50), -0.0028
(70), and -0.0040(90). These findings are growing as one moves from the lower to the upper quantile and
are highly statistically significant at the 1%, 5%, and 10% levels. Assi et al. (2021) and Lei et al. (2021)

outcomes support the findings above.

The outcome from Table 5 further indicates that fiscal policy has a considerable and unfavorable impact
on the development of renewable energy in SSA countries. This suggests that a one percent increase in

the FIS of SSA countries tends to slow down progress in the production of renewable energy by around



0.01430, 0.0164, 0.0100, 0.0175, and 0.0188% for each 10th-90th quantile. This finding shows that the
governments of these nations are not interested in investing in the growth of renewable energy sources.
Due to the IMF bailout and the conditions that came with it, it is hard for most SSA countries to put more
money into researching and developing renewable energy. In the end, the biggest problems with
developing renewable energy are related to money and getting things done. For SSA countries, storage
infrastructure for renewable energy has grown to be a major problem. Renewable energy production is
made less desirable by the lack of storage facilities. It should be mentioned that the popularity and use of
renewable energy sources will soar if their infrastructure expands. However, the use of conventional
energy sources like fossil fuels by the SSA countries will increase carbon emissions as there is little
investment in the development of renewable energy. Furthermore, the studies by Zhongming et al. (2018)

and Tong et al. (2022) support this outcome.

A necessary prerequisite for enforcing energy-related laws and regulations is an institutional framework.
Mixed reactions to the findings are observed, with our findings showing that IQ restrains the development
of renewable energy sources in the 10th, 70™, and 90™ quantiles. Similarly, institutional quality and the
growth of renewable energy are positively correlated for quantiles 30 and 50. The findings demonstrate
that institutional norms and regulations in the SSA nations are so tight in the lower and upper quantiles
that they are impeding the development of renewable energy. Thus, governments in SSA nations should
loosen regulations to encourage the growth of renewable energy sources (i.e., hydropower, solar, and
wind). The use of renewable energy in consumption and production can help these SSA economies
become more environmentally friendly. This is supported by the fact that, as compared to non-renewable
energy, renewable energy is produced naturally and emits less carbon into the atmosphere (i.e., coal, oil,
and natural gas). If energy regulations are not reduced across the board in all SSA member nations, these
nations' economies may develop in the long run, but at the expense of the environment because of a greater
reliance on fossil fuels. We advise policymakers to take the rules for the development of renewable energy
into account when creating policies for energy development and conservation, as well as the deployment
of clean energy sources and the mitigation of climate change, given the degree of environmental risk that
these SSA economies pose to the environment due to their 1Q. Also, the results of the research (Cadoret
& Padovano, 2016; Sequeira & Santos, 2018; Uzar, 2020) support the positive correlation. For instance,
from 2004 to 2011, Canet & Padovano (2016) employed a sample of 26 European nations. The authors

discovered that the distribution of renewable energy is boosted by greater governance. According to



Sequeira & Santos (2018), nations with higher levels of democracy spend more money on renewable
energy. Equally, Uzar et al. (2020) discovered that institutional quality had a long-term beneficial effect
on the consumption of renewable energy for a sample of 38 industrialized and developing states from

1990 to 2015.

Similarly, the regression outcomes show a substantial and negative agreement between industrialization
and the development of renewable energy in SSA nations for the 10th, 50th, 70th, and 90th quantiles, but
a positive relationship for the 30th quantile. The findings suggest that a percentage rise in industrialization
results in a 0.0026(10), 0.0029(50), 0.0045(70), and 0.0024(90) drop in renewable energy. The findings
indicate that the industrial sector in SSA nations is steadfast in its commitment to supporting the growth
of renewable energy. It also illustrates the industry's inability to advance the development of renewable
energy sources. This specific empirical study has shown that the industrial sector should adopt the
potential to encourage the buildout of renewable energy, even though the usage of renewable energy in
SSA nations differs substantially by sector. Via the value chain that results in the generation of renewable
energy, the industrial sector may have contributed to the development of renewable energy. This is
because, as previously mentioned, the industrial sector contributes to the value chain that results in the
production of renewable energy, resulting in more than one third of the world's total primary energy

consumption, according to the United Nations Industrial Development Organization (UNIDO, 2019).

Furthermore, the results show that FC, with the exception of the 70th quantile, is positively and
significantly related to the growth of renewable energy development at a 1% significance level. According
to the data above, a 1% upsurge in FC in the SSA nations is associated by improvements in the renewable
energy development of 0.0007(10), 0.0007(30), 1.9805(50), and 0.0015(90). This research demonstrates
how FC has had a considerable bearing on the growth of clean energy in SSA nations. These results concur
with those of the authors of (Fan & Hao, 2020; Grabara et al., 2021; Kilicarslan, 2019), who all state that
FC is positively and significantly related to the development of renewable energy in several picked
countries and various economic models. For instance, (Sbia et al., 2014) claim that FC had a major impact
on the demand for green energy in the UAE by using the ARDL test. For 20 emerging market countries,
there is a substantial correlation between FC and renewable energy development, according to (Paramati
et al., 2016). The ARDL model was used by the authors of [36] to analyse how FC affected renewable

energy development in BRICST region. The results indicate that FC had a negative impact on renewable



energy development. (Fan & Hao, 2020) recently looked into the relationship between FC and renewable
energy development in China from 2000 to 2015. The results demonstrate the FC's strong and positive
impact on China's clean energy development levels. The relationship between FC and renewable energy
development was examined by the (Grabara et al., 2021) in two Arab nations from 1992 to 2018. The
outcomes demonstrate that FC had a favorable impact on renewable energy development levels in these
countries. This outcome can be a sign that FCs are flowing into the renewable energy industry. In this
regard, the findings show that strategic policies to draw FC investments to this industry have been put in

place. The results' positive claims run counter to those of (Hye & Riaz, 2008; Kang et al., 2021).

For the short run estimations, the results portray a negative and significant connection for all quantiles for
the effects of institutional quality and industrialization on renewable energy development. It was found
that a percentage increase in institutional quality index as well as industrialization leads to reduction in
renewable energy development by (0.0076, 0.0126, 0.0102, 0.0084 & 0.0138) and (0.0037, 0.0022, 0.0040,
0.0042 & 0.0038) respectively. The results provided an interesting outcome with fiscal policy causing a
positive and significant interconnection with the development of renewable energy in all the available
quantiles. From the above table, it is evident that a percentage in government spending is leading to
(0.0633, 0.0312, 0.0507, 0.0219, & 0.0568) in renewable energy development. In the same instinct, there
are variations in the results of financial development and foreign capital with their influence on renewable
energy development. The results exhibit both negative and positive influence at different quantiles and at

different significant levels.

The next empirical results discussion is conducted on the interactional effects representing the model 2 of
table 3. The findings in Table 3 indicate that the interaction effects of fiscal policy and institutional quality
produced negative and effects in both the long and short run on renewable energy development. It can be
seen that, an index increases in FIS*IQ results in a decrease of renewable energy buildout in the lengthy
period by (2.4570, 4.2060, 3.2250, 3.4540 & 3.1010) percentage and a (11.3900, 12.1600, 8.8620, 12.1900
& 11.2300) % reduction in the short run. The coupling upshot of fiscal policy and institutional quality
have a detrimental result on renewable energy development in SSA countries on their quest into the
development of renewable energy. It is then recommended that SSA countries implement fiscal policy
and institutional quality factors separately. The results simply record some few changes and similarities
with the outcomes of model 1. Evidently the results displayed on financial development and

industrialization are the same as that of model 1 but presents variations in the coefficient and significance



at the listed quantiles. The results posit a negative and significant connection between FD and 1Q with
renewable energy development. On the other hand, the estimation produces different results for fiscal
policy, institutional quality and foreign capital in this regard. The results reveal a direct significant
association between fiscal policy, institutional quality and foreign capital and renewable energy
development. It can be induced that a unit increase FIS, IQ and FC will increase the development of
renewable energy by (0.0326, 0.0258, 0.0331, 0.0313 & 0.0318), (2.4590, 4.2060, 3.2230, 3.4530 &
3.0990) and (0.0016, 0.0018, 0.00054, 0.0012 & 0.0016) respectively for all quantiles. In its entity, the
results show that when fiscal policy and institutional quality on energy related issues are enacted, it leads
to the increment of renewable energy development with any small rise in fiscal policy, institutional quality
and foreign capital.

4.2 Robustness Test Results

The table below reveals the robustness test results from the estimation of CSARDL application.

Table 6: Robustness Analysis

Model 1 Model 2
Short Run Results
Variables Coefficient Z-Values Coefficient Z-Values
FD 3181 0.77 -.6536 -6.40"
FIS 9190 1.45 8061 1.42
IQ -.0218 -1.72" -.1006 -1.76"
IND 3270 0.80 -.0218 -1.87"
FC -.1006 -1.71° -.0640 -0.11
FIS*IQ - - 2602 0.62
Long Run Results
FD 8079 2.76™ 0759 1.69°
FIS -.0219 -1.72° 1061 0.07
IQ -.1036 -1.72" -.9666 -0.70
IND 8514 1.73" 4007 2.67%*
FC 8218 2.83" -.1036 -1.79°
FIS*IQ - - -.6555 -6.39"
R-Squared 0.87 0.83




Prob 0.000 0.060

Note: *** ** and * denote the significance at 1%, 5% and 10% level, respectively

The study used the CS-ARDL estimate to test the baseline method's robustness. This approach is used in
the context of data displaying CSD and heterogeneity. The long- and short-run estimations are both
reliably produced by this procedure, in a similar manner. The long-run positive connection between the
development of renewable energy and the predicted variables in model 1 is represented by the supporting
factors of financial development, industrialization, and foreign capital, with coefficient values
0f.8079,.8514, and.8218. However, when it comes to other measures, such as fiscal policy and institutional
quality, there is a clear negative correlation between the development of renewable energy. Accordingly,
it is deduced that a 1% increase in fiscal policy and institutional quality negatively influences the
development of renewable energy with the ratio of (0.219) and (0.1036). For instance, FIS and institutional
quality reports a coefficient of (-0.219) and (-.1036), which is also significant at 10%. In the near run,
institutional quality and foreign capital have a diminishing effect on the growth of renewable energy, with
growth of renewable energy decreasing by.0218 and.1006 for every unit increase in institutional quality

and foreign capital, respectively.

Similar results were found in model 2, which includes an interaction variable. The component of financial
development and industrialization showed a positive association with the development of renewable
energy, with coefficients 0f.0759 and.4007, meaning that a 1% increase in these two factors significantly
increases the development of renewable energy content in SSA countries. However, a negative correlation
between fiscal policy and institutional quality interaction with renewable energy development is found in
the panel data of SSA nations that were chosen. In the same model, there is a short-term negative
relationship between the development of renewable energy and financial development, institutional

quality, and industrialisation.

5. Conclusion, Policy implications and Recommendations

A sizeable amount of energy is still produced using fossil fuels and this has been generally recognized as
a very harmful situation for the global environment. Politicians and researchers have been interested in
renewable energy resources as well as in the optimum use of those resources due to the negative
externalities and other macroeconomic issues that emerge from environmental deterioration on a global
scale. Besides, environmental catastrophes are becoming more widespread worldwide. Therefore,

between 2000 and 2020, we looked at the effects of financial development, fiscal policy, foreign capital,



industrialization, and institutional quality on the generation of renewable energy in 21 developing nations
in sub-Saharan Africa. The Pesaran test is performed initially to ascertain whether or not there is a cross-
sectional reliance between the variables in order for this study to achieve its objective. We performed the
second-generation panel stationarity test to determine whether the variables included in the inquiry are
stationary after validating the probable CSD. In order to find the long-run states of the series, we first
checked that the integration order was accurate, and we did confirm that the variables are connected
throughout the long term. For this research, the Panel Quantile Autoregressive Distributed Lad
((P)QARDL) method was used to examine the short- and long-term relationships between the independent

variable and the advancement of renewable sources.

Following the simulations at all the quantiles of Model 1 and 2, credible negative relationships between
financial development and renewable energy growth were supported in all periods (short and long-term).
For fiscal policy, the long-short term result in model 1 exhibit a negative and positive significant bearing
on renewable energy development respectively. For model 2 in both terms, there is a positive
interconnection between fiscal policy and renewable energy development. Moreover, foreign capital
shows mixed outcomes in model 1 with a positive connection given the long term perspective, and a
negative link in the short-term. There is a change of results in model 2 indicating a positive and significant
association in both long and short run. In the long-short run, both models 1 and 2 indicate a negative
association between industrialization and renewable energy generation, whiles model 1 institutional
quality has a negative significant relationship in both terms with renewable energy development, but
renewable energy development is positively connected for all quantiles in model 2. The interaction term
between fiscal policy and institution quality, which was employed in Model 2, obtained a negatively

significant connection with renewable energy development in both the short and long run.

Based on the outcome of the study, the following recommendation are proposed:

» This finding calls for the reform of energy regulations that have been established as well as
providing subsidies to the private sector for the generation of clean energy. The needed steps to
alter consumption patterns of both industrial users and final consumers towards renewable energy
also have to be taken. The only way to accomplish both the aim of sustainable development and
the task of protecting the environment is to proceed in this manner. Domestic loans made available

by the financial sector and bank loans made available to the private sector are generally used for



investment in nonrenewable energy resources. At the moment, these investments are not being
allocated effectively to renewable energy sources; the primary reason for this is that the prices of
installing these sources of energy are so expensive. As a result, the implementation of measures
by governments aimed at lowering the cost of energy is unavoidable. Due to the fact that emerging
countries are increasingly reliant on power, their current account deficits have reached significant
levels, which has a detrimental impact on their economies as well as the processes of growth and
development. Investments in renewable energy will become less dependent on foreign energy
sources as a result of regulatory decisions and financial incentives. However, when the practices
of developing countries are analyzed, it is found that financial incentives for renewable energy
resources are relatively minimal. In these countries, these resources do not qualify for any financial
assistance, and there is no provision for tax breaks or deductions related to their use. Having said
that, developing countries, which spend the most substantial portion of their annual current account
deficit on energy imports, have the potential to dramatically lessen the severity of this issue by
taking advantage of renewable energy sources. As a consequence of this, large-scale job
opportunities can be created to assure the reliability of the supply of energy and to prevent the
incurrence of additional expenses due to environmental concerns. In this context, developing
nations should reconsider their incentives for renewable energy by learning from the experiences
of leading countries in this field in order to take advantage of the opportunities presented by those
experiences.

Moreover, having quality institutions can help promote the needed societal progress that can
promote the adoption of renewable sources over the long run. In this way, the establishment of
strong institutions can produce a win-win situation that gives important opportunities for both
individuals and policymakers. This can be a win for everyone involved. The formation of powerful
institutions has the ability to mitigate economic, social, and political uncertainties, as well as boost
the general well-being of communities. At the same time, the formation of these institutions can
build confidence in the utilization of various forms of renewable energy, which can be a significant
instrument in mitigating environmental catastrophes and guaranteeing energy security. The
decision to encourage the growth of renewable energy sources is a political one. As a result,
reputable institutions have the budding to play a pivotal part in the deployment of clean energy by

means of strategic action plans that take environmental issues into consideration. In point of fact,



advancements in environmental protection are not possible in isolation from the growth of
democracy and the distribution of political power across society.

» In addition, particular suggestions for the implementation of policy might be provided with regard
to the usage of clean energy. In order to be successful, funds in renewable energy sources need to
be encouraged by subsidies like tax breaks and credit facilities. Within the confines of this
structure, the allocation of greater funds to research and development activities will serve as a key
accelerator for the lowering of investment costs associated with renewable energy. If there is a
solid institutional structure in place, each of these incentives has a chance of being successful.
Despite the fact that it makes only a minor contribution to the existing body of research, this study
suffers from a number of methodological flaws. In this particular study, there were only two
control variables used to reflect the various economic and environmental indices.

» Industrialization has an adverse influence on the growth of renewable energy, which highlights the
fact that, despite the fact that industrialization has a deleterious impact on the intake of renewable
energy, this adverse consequence becomes less pronounced as the level of industrialization
increases. The findings of this analysis point to the advancement of technology as the driving force
behind both the acceleration of industrialization and the transformation of non-renewable energy
sources into renewable energy sources. As a result, we are advocating for the institution of a green
industrial system, which includes modifying and optimizing the organization and arrangement of
the industrial sector, as well as encouraging the industrial sector to strenuously advance and
encourage novel methods and technologies that produce less waste, save water and energy, and

recycle materials.

Having said all, there are a few problems with this study. In the first place, the purpose of this research
was to investigate, using a limited number of samples and a limited amount of data, the relationship
between renewable energy and the factors that influence it in 21 developing countries in SSA. Because of
their central role in the advancement of renewable energy across the globe, the G-20 countries should be
the focus of any future research in this area. It is possible that in the future, more in-depth research will
be carried out on countries (regions) that have good development of renewable energy and the most recent
statistics. Second, the Quantile ARDL panel was utilized in this investigation. In forthcoming studies, the
time series threshold model as well as the dynamic threshold model may be applied to the problem of

determining the potential threshold of particular nations and regions.
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