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Abstract

One of the solutions to climate change is the adoption and use of renewable energy
sources. This understanding has driven Nigerian stakeholders to set a goal of achiev-
ing net-zero emissions by 2060. Capitalizing on the limitations of existing literature,
this study employs a Quantile—on—Quantile (QQ) and quantile regression approach
to investigate the impact of financial development on renewable energy consump-
tion in Nigeria from 1960-2018. In addition, this research uses GDP per capita,
energy price, and CO, emissions as moderating variables to eliminate omitted vari-
able bias. The outcome of the QQ technique showed that financial development sup-
plies mixed shocks (positive and negative) to renewable energy consumption. The
negative shocks are highly negative. The quantile regression result also showed that
financial development influences renewable energy consumption negatively at the
lower quantile (0.10-0.20) and the upper quantile (0.80-0.90). The policy implica-
tions are discussed for Nigeria.
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1 Introduction

Greenhouse gases (GHGs) include carbon dioxide emissions (CO,), methane
emissions (CH,), nitrous oxide emissions (N,0), and fluorinated gases (EPA
2022). The largest contributor to GHGs is CO, emissions. According to Carbon
Brief (2022), global CO, emissions increased by 0.8%, caused by land use and
fossil fuel CO, emissions. This negatively affects the environment by increasing
temperature, rising sea levels, and altering ecosystems.

Due to these negative impacts, discussions on the best strategy to achieve
net—zero emissions are ongoing. One of the pathways being discussed is for econ-
omies to transit from fossil fuel to renewable energy consumption. For this to be
achieved, financial commitments and investments are required, emphasizing the
role of a well-developed financial system. Demirguc—Kunt (2006) remarked that
stable economies are built on a well-functioning financial system. Abdulraheem
et al. (2016) also mentioned that a developed financial system allows for an even
distribution of economic opportunities amongst economic agents. The World
Bank (2016) stated that financial development; (i) encourages capital accumula-
tion and technological progress, (ii) contributes positively to long—term growth,
(iii) can reduce poverty and inequality because it allows credit to be easily acces-
sible to the poor and vulnerable and (iv) contributes to Small and Medium Size
Enterprises (SMEs) growth by providing easy access to finance for business
purposes.

Financial development allows for easy access to capital and loans, reduces bor-
rowing costs, mitigates financial risks, facilitates transparency between creditors
and debtors, encourages cross—border investments, and enables countries to adopt
cutting—edge technology for environmentally friendly industries (Sadorsky 2010;
Ulucak 2021; Abbasi et al. 2022; Awosusi et al. 2022). Each of these factors
facilitates renewable energy consumption. On the other hand, due to easy access
to capital and loans, financial development can also boost the use of fossil fuels,
which increases CO, emissions. A rise in CO, emissions depicts that renewable
energy use is declining.

Financial development can be divided into financial institutions and finan-
cial markets. Financial institutions include central banks, commercial banks,
investment companies, insurance companies, brokerage companies, and mort-
gage companies. The financial market entails the stock market, bond market, and
other commodities (Svirydzenka 2016). These components can be further split
into depth, access, and efficiency. This study focuses on the depth of financial
development.

In attaining the Sustainable Development Goals (SDG7&13), renewable
energy consumption has always been deliberation (Antonakakis et al. 2017). This
is because renewable energy can spur economic progress, lessen the damaging
effect of fossil fuels, and give rise to sustainable development practices (Khare
et al. 2016; Wang & Wang 2020). Li et al. (2021) opined that notable structural
shifts in energy, trade, economy, and society have emerged due to renewable
energy. In addition, Wang et al. (2022) stated that 68% of global GHGs come
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from the energy sector, and fossil fuels contribute 44% to these emissions. There-
fore, substituting fossil fuels for renewable energy sources can help solve climate
change problems (Wang et al. 2023).

According to a report by IEA (2022), the global power mix will be transformed
by using renewables, and it will become the biggest electricity source. In 2021,
US$366 billion was invested in renewables. More than 50% of climate mitigation
finance is allotted to hydropower, solar PV, and wind power (REN21, 2022). Also,
renewable energy increased by eight exajoules from 2019 to 2021 (BP 2022). This
growth is attributed to policy support that is strong in China, European Union,
and Latin America. Therefore, since funding is needed to combat climate change,
it is paramount to continue investigating financial development’s role in renewable
energy consumption.

There needs to be more literature on how financial development impacts renew-
able energy consumption. More studies have focused on the financial develop-
ment—energy consumption nexus. With this rationale, this research contributes to
the existing literature in the following ways; (i) It uses a novel proxy for financial
development, called domestic credit to the private sector by banks (% of GDP). This
measures the financial depth and plays a major role in the stability of the Nigerian
economy. Data from 1960-2020 showed that domestic credit to the private sector by
banks in Nigeria averaged 12.31%, ranking the 121st position out of 131 countries.
This is low compared to developed countries. The top countries are Hong Kong
(258.45%), the USA (216.33%), and China (182.43%) (Global Economy 2020). (ii)
It indirectly contributes to existing literature due to the inconclusive evidence of the
financial development-renewable energy consumption nexus (Ozdeser et al. 2021;
Shahbaz et al. 2021; Wang et al. 2021; Mukhtarov et al. 2022; Samour et al. 2022;
Somoye et al. 2022; Jiakui et al. 2023). (iii) This paper incorporates some major
determinants of renewable energy consumption, such as GDP per capita, energy
price, and CO, emissions. (iv) Nigeria is used as a case study in this research because
of its potential across different parameters. According to World Bank (2022), Nige-
ria has the highest GDP (US$440.8 billion) and population size (211.4 million)
among the Sub—Saharan African (SSA) countries. Nigeria has abundant renewable
energy (solar, wind, biomass, and geothermal) and non-renewable energy sources
(oil, gas, and coal). Nigeria is also one of the major oil players globally and is going
through a series of energy crises in which renewable energy adoption can be a solu-
tion. (v) The quantile—on—quantile regression approach is employed in this study.
Hung et al. (2022) explained that quantile—on—quantile regression has the advanced
ability to combine quantile regression and non—parametric frameworks. It provides
adequate information regarding the asymmetric impact of independent variables on
the dependent variable across quantiles. In addition, it allows cross—dependence to
be accessed between quantiles. This means that it is more policy informative than
the mean-based estimation. (vi) The quantile regression approach is utilized as a
robustness check for the quantile-on—quantile approach.

This study is organized as follows: The second section entails the literature
review. The third section shows the theoretical framework, data, and methodology
employed, while section four presents the empirical results. Section five concludes
the study and recommends policies for implementation.
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2 Literature review

This section examines the relationship between financial development, GDP per
capita, energy price, CO, emissions, and renewable energy consumption.

2.1 Financial development (FDE) and renewable energy consumption

In 119 non—-OECD countries, Brunnschweiler (2010) found a significant posi-
tive impact of financial intermediation (commercial banking activities) on renew-
able energy produced. Its impact can be seen in non-hydropower renewable energy
sources such as wind, solar, geothermal, and biomass. The study also stated that
the renewable energy sector has picked up significantly since adopting the Kyoto
Protocol. In 55 global countries, Fangmin & Jun (2011) found that financial inter-
mediation is necessary for renewable energy projects, especially hydropower pro-
jects. Kim & Park (2016) opined that the impact of financial development (FDE) on
renewable energy (REN) is highly dependent on external financing. In the case of
Russia, Burakov (2017) found no causality between FDE and REN. Steffen (2018)
found that project finance is more viable for renewable energy projects than fos-
sil fuel-based projects in the case of low investment risk situations. Shahbaz et al.
(2018) found that FDE hinders REN.

In 22 OECD countries, Pham (2019) stated that FDE has a significant and pos-
itive impact on REN. The study further revealed that the effect of FDE on REN
depends on carbon intensity and the growth rate of innovation. A more significant
effect is seen in countries with higher carbon intensity and growth of innovation.
In India, Eren et al. (2019) used a Principal Component Analysis (PCA) to group
the FDE variables and found that FDE is essential for REN. In China, Ji & Zhang
(2019) further explained that FDE is necessary for the country’s renewable energy
usage to increase. The study further stated that there is a need for effective policies
for REN to grow while paying attention to the renewable energy development path
of the European Union. In addition, the capital market variable contributes more to
REN than other FDE variables.

Using stock market development (SMD), banking sector development (BSD), and
bond market development (BMD) variables to proxy for financial development in
28 European Union (EU) countries, Anton and Nucu (2020) discovered that FDE
is an essential condition for REN. Further results, however, showed that SMD does
not affect REN in new member states of the EU. This is because the stock market is
still developing in these new countries, which makes it lack the financial depth to
contribute to REN. In 15 top renewable energy consumption countries, Raza et al.
(2020) showed that FDE influences REN positively and negatively depending on
the threshold. Mukhtarov et al. (2020) acknowledged that FDE is crucial for REN
in Azerbaijan. Khan et al. (2020) discovered that FDE is necessary for developing
renewable energy. The study further explained that a well-developed financial sys-
tem provides the right incentives for renewable energy investments. Qamruzzaman
& Jianguo (2020) also showed that FDE impacts REN positively.
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Wang et al. (2021) found that FDE impacts REN positively in the short-run and
negatively in the long—run. The factor contributing to the long—run negative effect
is the higher financial costs that discourage investments in renewable energy. In the
top 10 investment countries, Raghutla et al. (2021) discovered that SMD’s impact
on REN is negative. The study discovered that to promote and finance REN, FDI
inflows and R&D are essential. In BRICS countries, Isiksal (2021) established that
expanding the financial sector significantly contributes to renewable electricity pro-
duction. Koksal et al. (2021) found that FDE positively and significantly impacts
REN. On the other hand, financial efficiency had no relationship with renewable
energy demand. Saygin & Iskenderoglu (2021) found that the impact of FDE on
REN depends on the FDE variable used. The banking sector variables have a neg-
ative impact, while the stock market variable has a positive impact. The research
outcome of Shahbaz et al. (2021) also stated that FDE increases the demand for
renewable.

2.2 GDP per capita (income) and renewable energy consumption

Omri and Nguyen (2014) studied 64 countries, dividing them into higher, mid-
dle, and lower-income countries. For higher and middle-income countries, income
drives REN. However, for lower—income countries, income is statistically insignifi-
cant. Ergun et al. (2019) found a negative relationship between income and REN in
African countries. Topcu & Tugcu (2020) explained that when there is a fair income
distribution, REN will be impacted positively. The study further stated that when
income inequality is reduced, it will increase people’s ecological awareness, thereby
increasing their economic concerns. This will contribute significantly to an increase
in demand for a clean environment. The government can support or encourage
this perspective through tax concessions and credit facilities for renewable energy
investments.

Using a granger causality approach, Simionescu et al. (2020) found a positive
relationship between income and REN. The study further stated that there is cau-
sality from income to REN, which implies that an increase in income enables peo-
ple to consume more renewable energy sources. lorember et al. (2020) revealed a
unidirectional causality from GDP per capita to REN in Nigeria using the ARDL
and VECM approach. Chen et al. (2021) explained that income increases REN in
democratic countries, while in countries that are less democratic, there is a nega-
tive relationship between GDP per capita and REN. Shahbaz et al. (2021) argued
that renewable energy consumption decreases as per capita income increases due to
insufficient income.

2.3 Energy price (PRI) and renewable energy consumption

Asafu—Adjaye (2000) found a bidirectional causal relationship between PRI and
energy consumption. Chang et al. (2009) found a positive relationship between PRI
and REN in a higher economic growth regime. However, no relationship was found
in a regime of lower economic growth. Using VAR and VECM methodologies,
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Yuan et al. (2010) explained that an increase in PRI will reduce household energy
consumption in the long—run and reduce energy consumption in the short—run in the
Chinese industrial sector. Moreno et al. (2012) found a positive relationship between
PRI and REN. Nayan et al. (2013) revealed that PRI is one of the major determinants
of energy consumption. In Denmark, Munrad et al. (2019) stated that PRI impacts
energy consumption negatively and significantly. PRI also granger causes energy
consumption in Denmark. In high and lower—-middle—income countries, Wang et al.
(2019) opined that PRI impacts energy consumption negatively. For upper-middle-
income countries, the impact is positive. Chen et al. (2021) used real oil prices to
proxy for PRI and found that increasing oil prices increase renewable energy con-
sumption in less democratic countries. However, there is no significant relationship
in democratic countries. Shahbaz et al. (2021) found that PRI is insignificant in
determining renewable energy consumption. Alsagr & Van—-Hemmen (2021) found
a positive relationship between PRI and REN.

2.4 CO, emissions and renewable energy consumption

Sardosky (2009) opined that CO, emissions increase REN in France & UK and
decrease REN in Japan in the long—run. However, in the short-run, the interactions
among the variables are statistically insignificant, which could be a result of a rela-
tively short sample period. In 19 developed and developing countries, Apergis et al.
(2010) showed that CO, emissions positively correlate with REN. Dogan & Ozturk
(2017) explained that CO, emissions contribute to the degradation of the environ-
ment in the USA. Shafiei & Salim (2014) revealed that REN reduces CO, emis-
sions in OECD countries. Using the Toda—Yamamoto causality approach, Menyah
& Wolde—Rufae (2010) found a unidirectional causality moving from CO, emis-
sions to REN. Jaforullah & King (2015) explained that an increase in REN mitigates
CO, emissions. Using a VAR model, Kahia et al. (2016) found that the relationship
between CO, emissions and REN is negative in both causal directions. Sharif et al.
(2020) found mixed results (positive and negative) among the top 10 polluting emis-
sion countries. Chen et al. (2019) found unidirectional causality from CO, emis-
sions to REN in the short—run. Using the Toda—Yamamoto causality approach, Kang
et al. (2019) found no causality between CO, emissions and REN in India. Using
the NARDL methodology, Toumi and Toumi (2019) found that positive and nega-
tive shocks of CO, emissions increase REN in the long—run, while in the short-run,
a positive shock of CO, emissions decreases REN. Alola et al. (2019) also found a
feedback relationship between CO, emissions and REN.

In summary, various studies have explored the connection among the chosen
economic variables. However, they provide mixed evidence using diverse tech-
niques, data, study periods, and countries. Also, limited literature dissects the
role of financial development in renewable energy consumption. Therefore, this
research unlocks a new discussion into the link among these economic variables.
In addition, the literature reviewed has not incorporated the economic indica-
tors for the case of Nigeria. Thus, this study fills the gap by utilizing the Quan-
tile—on—Quantile and quantile regression approach for the Nigerian economy. The
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findings of this study provide fresh insights, enhancing theoretical and empiri-
cal research in this area. Figure 1 and Table 1 show the graphical relationship
between the variables and the literature review summary, respectively.

3 Theoretical framework, data, and methods

In line with Qamruzzaman & Jianguo (2020), the theoretical framework of
this study is based on four major assumptions: the supply—leading hypothesis,
the demand-following hypothesis, the feedback hypothesis, and the neutrality
hypothesis. The supply—leading hypothesis states that a causal flow moves from
FDE to REN. The demand—following hypothesis shows a movement from REN to
FDE. The feedback hypothesis demonstrates a bidirectional relationship between
FDE and REN. Lastly, the neutrality hypothesis shows no causal relationship
between FDE and REN.

Sardosky (2010) expressed that income and price are major determinants of
energy consumption. Mukhtarov et al. (2022) stated that market uncertainties
occur when there is high inflation. This study proxy’s energy prices with the con-
sumer price index, a well-known indicator of inflation. All things being equal,
a higher inflation rate leads to a decline in the purchasing power of consumers.
Therefore, countries with high inflation rates will find it difficult to increase
renewable energy consumption (Selmi et al. 2020).

Based on the Keynesian consumption function, there is a positive relation-
ship between disposable income and consumption, with all other factors remain-
ing constant. This means that as income increases, consumption also increases.
Energy consumers will have more choices and capacity to use renewable energy
as income increases. Based on the established theoretical viewpoint, the func-
tional specification of this study is expressed as follows:

REN = f(FDE, GDP, PRI, COE) 1)

where REN is renewable energy consumption; FDE is financial development; GDP
is Gross Domestic Product per capita; PRI is energy prices proxied by the consumer
price index and; COE is CO, emissions.

Dev'elopﬁ?elnt Energy Price CO2 emissions

A 4

Renewable Energy
Consumption

A~

Fig. 1 Conceptual framework
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3.1 Data

The Data used in this study is annual data from 1960-2018. The variables employed
are renewable energy consumption (REN), domestic credit to the private sector by
banks (FDE), GDP Per Capita (GDP), Consumer Price Index (PRI), and CO, Emis-
sions (COE). FDE is a proxy for financial development, GDP is the proxy for income,
and PRI is the proxy for energy prices. The dependent variable is REN, while the other
variables are independent. In addition, the R software is used to obtain the QQ regres-
sion estimation results, while the Eviews software is used to obtain the Quantile regres-
sion estimation results. The variables description is presented in Table 2.

3.2 Method
3.2.1 Quantile-on-Quantile (QQ) approach

The QQ regression method is a modification of the traditional quantile regression
approach (Adebayo et al. 2022). On the other hand, quantile regression is an extension
of the classical regression technique. According to Yu et al. (2022), the QQ regres-
sion approach is an innovative technique for bivariate analysis, which provides richer
and additional information than other estimation methods. In addition, this approach
fills the deficit gap in other techniques; it performs well in an asymmetric environment,
provides a more realistic picture of analysis, accounts for structural breaks, and can
investigate an all-inclusive link between data series upper and low quantiles. From a
policy perspective, the QQ regression technique contributes to policy development and
supports contextual development from a methodological viewpoint (Adebayo 2022).

This paper used the QQ approach to analyze the impact of FDE, GDP, PRI, and
COE on REN. This method was proposed by Sim & Zhou (2015) and adopted from
the studies of (Seraj et al. 2020; Jiang et al. 2020). The regression model can be seen in
Eq. 2.

Y, =B+ X)+p )

Y, denotes the dependent variable at time t; X, shows the independent variables
shocks at time t, 8 represents 8 quantile, and p® denotes quantile residue. p° can be

Table 2 Variables description

Variables Abbreviation Source

Renewable energy consumption (% of total final REN World Bank (2022)
energy consumption)

Domestic credit to the private sector by banks (% of FDE World Bank (2022)
GDP)

GDP Per Capita (Constant 2015 USS$) GDP World Bank (2022)

Consumer Price Index (2010=100) PRI World Bank (2022)

Carbon dioxide Emissions (kt) COE World Bank (2022)
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said to be an unknown factor in which the prior information is lacking. When a fac-
tor is unknown, B a first-order Taylor expansion is employed which will therefore
be:

B (X,) ~ "X + PUX) (X" - X,) 3)

BY (XT) is a partial derivative of B (X,) with respect to independent variable
shocks. Equation (3) can therefore be rewritten as:

B’ (X,) ~ By(0,7) + B, (0, 1)(X* = X,) )

A new equation can be derived by substituting Eq. (4) into Eq. (2). The equation
therefore can be written as:

Y, = 0.0+ B 0.0 (X~ X,) + 1! ©

At the end, b, and b,which are the linear regression estimates replaces f3, and f3,.
The minimization problem can therefore be estimated as:

fmin 20| Y=t =y (R - X )RS (©)

The quantile loss function is (x) which can be written as p0 (u)=(0—(u<0)).
The indicator function is I and the kernel function is K. In weighing the neighbor-
hood observations of X, the Gaussian Kernel is applied. In addition, as regards the
distance observations of the distribution function, the weights have inverse linkage
and can be written as:

K, (X) = 1 210G < K) )

The distribution functions can therefore be obtained that correspond with the
quantile X"

4 Empirical results and discussions

This section shows the descriptive statistics, BDS test, QQ result, and quantile
regression result.

4.1 Descriptive statistics

Table 3 shows the descriptive statistics. On the measures of central tendency, COE
has the highest mean and median values. In addition, COE has the highest maxi-
mum value, while FDE has the lowest minimum value. REN, FDE, GDP, and PRI
are positively and normally skewed, while COE is negatively skewed. For kurtosis,
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Table 3 Descriptive statistics

REN FDE GDP PRI COE

Mean 97.02754 8.176085 1820.366 36.13107 65,335.15
Median 89.04838 7.208665 1658.280 2.248333 70,747.43
Maximum 125.9481 19.60353 2688.267 240.1429 130,670.0
Minimum 82.95602 3.696699 1201.402 0.065887 3406.643
Std. Dev 13.38228 3.408458 4244135 58.88770 33,282.86
Skewness 0.798275 1.328719 0.565968 1.841706 —0.476216
Kurtosis 2.180819 4.740741 2.011139 5.626071 2.363534
Jarque-Bera 7.915909 24.80989 5.553680 50.30676 3.225865
Probability 0.019102 0.000004 0.062235 0.000000 0.199302
Observations 59 59 59 59 59

REN is platykurtic (2.18 <3), GDP is platykurtic (2.01 <3) and COE is platykurtic
(2.36 <3). On the other hand, FDE is leptokurtic (4.74 > 3), and PRI is leptokurtic
(5.62>3). Lastly, REN, FDE, and PRI are not normally distributed, while GDP and
COE are normally distributed. Also, based on the selected data, the variable plots
can be seen in Fig. 2.

4.2 BDS test

The BDS test developed by Broock et al. (1996) indicates if variables have a
non-linear relationship. The result in Table 4 shows a non—linear relationship among
the variables since the p—value is significant at the 1% level. This makes it appropri-
ate for the QQ approach to be employed.

4.3 QQ empirical results and discussions
4.3.1 Financial development supply shocks to renewable energy consumption

The diagram in Fig. 3 shows the 3—axis (3D plots) for domestic credit to the private
sector by bank supply shocks on renewable energy consumption. The z—axis shows
the value of the slope coefficient. b1(0, T) measures the effect of the tth quantile of
domestic credit to the private sector by banks supply shock movements (x—axis) on
the quantile of the renewable energy consumption 0z4 in each state (y—axis). From
the empirical results, it is observed that FDE supplies mixed shock to REN. For
example, the quantiles of FDE (0.05 to 0.45) supply negative shocks to the 0.05
REN quantile. These shocks to REN are highly negative. Its value reaches —2.30 on
the z—axis, while the FDE (0.05 to 0.95) quantiles supply positive shocks to the 0.95
REN Quantile. This positive shock is 0.52 on the z—axis.

The negative shock of FDE on REN is because of the low financial development
regime. Some of the attributes of a low financial development regime are uneasy
access to credit and high lending rates. Access to credit and low lending rates will
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Table 4 The BDS test
Dimension m=2 m=3 m=4 m=35 m=6
REN 0.211936* 0.359918* 0.462622* 0.533565* 0.581970*
FDE 0.127750* 0.198887* 0.229412* 0.239870* 0.230543*
GDP 0.134696* 0.219271* 0.264295* 0.278521* 0.273674*
PRI 0.170623* 0.271250%* 0.328506* 0.356329* 0.361441*
COE 0.164425* 0.290812* 0.378470* 0.440082* 0.484219*

* denotes significance level at 1%
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FDE supply shock -> REN
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Fig.3 FDE supply shocks to REN

enable energy consumers to buy/invest in renewable energy products. As Nigeria
moves to a high financial development regime, the impact of FDE on REN becomes
positive and significant. In 15 top renewable energy countries, Raza et al. (2020)
used three financial development variables to proxy for financial development and
found a negative impact at low levels of financial development and a positive impact
at high levels of financial development. Zeren and Kog (2014) also stated that the
negative impact of financial development on energy consumption could result from
financial exclusion. In China, Wang et al. (2021) found that FDE impacts REN posi-
tively in the short-run and negatively in the long—run. The negative impact is due
to an underdeveloped financial sector. For example, when financial institutions are
weak in structures, higher financial costs prevent renewable energy investments
from occurring.

In 28 EU countries, Anton and Nucu (2020) found a positive impact between
FDE and REN because of the efficient operation of the banking system. This enables
the bank to finance renewable energy investments at a lower cost, enabling liquidity,
capital accumulation, and technological innovation. Pham (2019) stated that increas-
ing innovation is essential for developing renewable energy in 22 OECD coun-
tries. Other studies that showed a positive relationship between FDE and REN are
(Mukhtarov et al. 2020; Khan et al. 2020; Brunnschweiler 2010). This study differs
from other studies such as Burakov (2017), who found no causality between FDE
and REN in Russia. The absence of causality between FDE and REN is due to the
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lack of significant incentives in the financial market of Russia to promote massive
investment in green energy. Anton & Nucu (2020) also discovered that capital mar-
ket development does not influence REN, while Assi et al. (2021) argued that FDE
does not play a major role in REN in ASEAN economies.

4.3.2 GDP per capita supply shocks to renewable energy consumption

Figure 4 shows GDP per capita supply shocks to REN. The negative shocks to REN
go from 0.05-0.7 quantiles of GDP to REN. Its slope in the extreme cases reaches
—1.72 on Z—axis. Another significant negative shock goes from 0.55 GDP quantile to
0.75 quantiles of REN; its slope is —1.02. Regarding the positive shocks, three major
shocks to REN are observed. The most positive shocks go from the 0.7 quantiles of
GDP to 0.3 quantiles of the REN; its value is about 0.68. The second one goes from
0.95 quantiles of GDP to 0.05— 0.15 quantiles of REN. Their value is about 0.47.
The third positive shock goes from 0.5 quantiles of GDP to 0.5 quantiles of REN; its
value is 0.42.

Previous studies show that GDP per capita can have a positive, negative, or no
impact on REN. The positive relationship is based on the premise that energy users
will have better choices and additional income to spend on renewable energy sources
as income grows. The studies that support a positive relationship include (Sardosky
2009; Omri & Nguyen 2014; Simionescu et al. 2020; Iorember et al. 2020). On the
other hand, a negative relationship between GDP per capita and REN exists because
African countries, including Nigeria, are still developing and characterized by low-
income levels. With a low-income level, individuals will spend their limited income
on maintaining their daily living. Also, low income will enable people to consume

GDP supply shock -> REN

05

Fig.4 GDP supply shocks to REN
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non-renewable energy sources due to affordability and accessibility. The result cor-
responds to the studies of (Ergun et al. 2019; Anton & Nucu 2020). Shahbaz et al.
(2021) explained that insufficient income causes a negative relationship between
GDP per capita and REN in 34 upper-middle—income countries. This study’s out-
come contradicts the studies of (Al-mulali et al., 2013; Topcu & Togcu, 2020).
These studies found no significant link between income and REN.

4.3.3 Energy price supply shocks to renewable energy consumption

Regarding the consumer price index (PRI), two significant shocks appear in Fig. 5.
It shows that all PRI quantiles supply negative shocks to the 0.05 quantile of REN.
The extreme shock runs from 0.05 quantile of PRI to 0.05 quantile of REN; its value
is —0.45, while the quantiles 0.2-0.5 of PRI supply positive shocks to 0.8 quantile of
REN; its slope is 0.29.

For Asian developing economies, Asafu—Adjaye (2000) found bidirectional
causality between PRI and REN. Chang et al. (2009) for OECD countries found a
positive relationship between PRI and REN. Yuan et al. (2010) explained that as
energy price increases, household energy consumption will increase in the short-
run and decrease in the long—run. Nayan et al. (2013) explained that energy price
is a major determinant of REN. Using oil prices to proxy for the price, Wang et al.
(2019) stated that energy impacted energy consumption negatively both in high and
lower—middle—income countries, but it has a positive impact on energy consump-
tion in upper—middle—income countries. On the contrary, the studies that found no
relationship between PRI and REN include (Chen et al. 2021; Shahbaz et al. 2021).

PRI supply shock -> REN

Fig.5 PRI supply shocks to REN
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4.3.4 CO, emission supply shocks to renewable energy consumption

Figure 6 shows many positive shocks supplied by COE to REN. The most impor-
tant shock runs from 0.15 quantile of COE to 0.7 quantiles of REN; its value is
about 0.64. Other positive shocks arise from all quantiles of COE to 0.7 quantiles
of REN; its value is about 0.46. Regarding the negative shocks, it can be noticed
that the quantiles of COE 0.25 to 0.3 provide negative shocks to the 0.6 quantiles
of REN; its value is —0.83.

There are different reasons why COE supplies mixed shock to REN. Positive
shocks can be explained as energy stakeholders wanting to increase the share of
renewable energy because of the adverse effect of CO, emissions on the envi-
ronment. This view is similar to the studies of Chen et al. (2019) for the Chi-
nese economy, Toumi and Toumi (2019) for the KSA economy, and Apergis et al.
(2010) for 19 developed and developing countries. On the other hand, a nega-
tive relationship shows that an increase in CO, leads to the degradation of the
environment. This finding is supported by the studies of (Shafiei & Salim 2014;
Jaforullah & King 2015; Kahia et al. 2016). The study by Sardosky (2019) found
no relationship between COE and REN.

In summary, it is observed that all independent variables asymmetrically
impact the dependent variable. It supplies mixed shocks run to the dependent var-
iable. Also, the study outcome shows that the negative shocks on the dependent
variable are more extreme than the positive shocks.

COE supply shock -> REN

Fig.6 COE supply shocks to REN
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4.4 Quantile regression results

The proponent of the quantile regression method is (Koenker & Bassett 1978). To
use the quantile regression technique, the conditions of heteroskedasticity, serial
correlation, and non—-normality have to be satisfied. The model of this study satisfies
each of the conditions. The quantile result is presented in Table 5. The result shows
that GDP impacts REN positively across all quantiles. FDE impacts REN negatively
at the lower quantile (0.10-0.20) and the upper quantile (0.80-0.90). In addition, the
impact of COE on REN is negative across all quantiles. However, the impact is very
small.

5 Conclusion and policy recommendations

This research examined the quantile relationship between financial development and
renewable energy consumption in Nigeria from 1960-2018. Capitalizing on the lim-
itations of existing literature, this study employs a Quantile—on—Quantile (QQ) and
quantile regression approach. These methods are capable of providing information
that is richer and sufficient as compared to other methods of estimation. In addition,
this research uses GDP per capita, energy price, and CO, emissions as moderat-
ing variables to eliminate omitted variable bias. The outcome of the QQ approach
showed that financial development, GDP per capita, energy price, and CO, emis-
sions supply mixed shocks (positive and negative) to renewable energy consump-
tion. The negative shocks for financial development are highly negative. In addi-
tion, the result for the quantile regression method showed that financial development
impacts renewable energy consumption negatively at the lower Quantile (0.10-0.20)
and the upper Quantile (0.80-0.90). The impact of COE on REN is negative across
all quantiles. However, the effect is very small. The outcome of this study differs
from other studies, which found no association among the economic indicators. This
research, therefore, provides further recommendations.

Firstly, to boost renewable energy consumption/investments, policymakers
must understand how financial development affects clean energy usage. Financial

Table 5 Quantile regression Quantile FDE GDP PRI COE

0.100 —0.627171%%* 0.007694** 0.061751*%*  — 0.000452*

0.200 —0.664388** 0.010345*  0.015663 — 0.000422*
0.300 —0.449324 0.009133*  0.037996 —0.000451*
0.400 —0.778365*%  0.010011*  0.044294***  — (0.000469*
0.500 —0.541654 0.010122*  0.027516 — 0.000456*
0.600 —0.550944 0.009798*  0.023643 — 0.000444*
0.700 —0.517582 0.010944*  0.011175 —0.000443*

0.800 —0.649856** 0.009827*  0.035864**  — 0.000446*
0.900 —0.583348** 0.010480*  0.025084*** — 0.000426*

* means significant at 1%; ** means significant at 5%; *** means
significant at 10% probability level
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development can affect clean energy in different ways, such as direct, business,
and wealth effects. The direct effect can be seen in the area of financial intermedi-
ation. The business effect can be seen in firms’ easy and better access to financial
capital, and the wealth effect can be seen through the stock market development.
Understanding these channels will pave the way for a competitive & sustaina-
ble energy industry and provide an immediate solution to Nigeria’s low level of
financial development. Secondly, local financial and economic development lev-
els should be considered when formulating policies. Thirdly, policymakers should
strengthen bank-based financial institutions. This will protect renewable energy
investors, particularly private firms, from the volatility of the market. It will also
encourage private businesses to take loans for renewable energy investments,
which can make them achieve economies of scale. This can have a multiplier
effect on the economy. Fourthly, necessary incentives should be created because
they will increase the demand for loans for renewable energy investments. Incen-
tives include reducing the lending rate, creating a renewable energy investment
fund, and implementing favorable tax policies. This will reduce the financial bur-
den or cost needed for renewable energy investment.

Finally, although this research used a novel QQ technique, it still has some
suggestions for future research. Firstly, this study is based on a single—country
analysis and utilizes a single financial development variable. Further studies
should employ a panel framework and include additional financial development
indicators, such as stock and bond market development. Secondly, the variables
in this analysis were confined to REN, FDE, GDP per capita, PRI, and COE.
Researchers should include other variables in their model to see how REN reacts
to them. Thirdly, other studies should determine the impact of financial develop-
ment on various renewable energy resources, especially for countries with diverse
renewable energy sources. Finally, different and novel econometric techniques
should be employed.
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