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1. Introduction

Financial development leads to the development of industrial economic activities
which induce an increase in energy consumption. The first empirical study that
advanced the introduction of financial development as an explanatory variable of

energy consumption is that of (Karanfil, 2009). Increased financial development
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facilitates access to credit for public and private enterprises and stimulates eco-
nomic growth, which has the immediate effect of boosting energy consumption
(lucas88.pdf, s.d.; Sadorsky, 2011; Stern, 1989). The development of world eco-
nomic growth means that most of the world’s future emissions would be gener-
ated by developing countries (Jung et al., 2000). Progress in financial develop-
ment, urbanization and industrialization leads to industrial transformations and
changes in energy consumption models, which in turn increase energy use and
emissions (Li & Lin, 2015). Since the 1970s, developing countries have undergone
fast-paced urbanization industrialization and financial development, which has
stimulated economic growth by catalyzing the increase in energy demand and the
development of transformation activities in several sectors. The increase in energy
demand accelerates the rapid growth of fossil fuel consumption and produces sig-
nificant amounts of carbon dioxide (CO2) and other greenhouse gas (GHG) emis-
sions. As developed countries have made most emissions in the past and currently
have reached per capita emissions, the development of world economic growth
means that most of the world’s future emissions would be generated by developing
countries. In the eight member states of the West African Economic and Mone-
tary Union (WAEMU), despite significant efforts deployed in recent years by the
public authorities, the population’s energy service needs remain always dissatis-
fied, both in quantity and quality, thus compromising the development of these
countries. The West African Economic and Monetary Union (WAEMU) coun-
tries have currently eight-member states which are Benin, Burkina Faso, Cote
d’Ivoire, Guinea Bissau, Mali, Niger, Senegal and Togo. For more than a decade,
WAEMU member states have experienced, to varying degrees, persistent difficul-
ties in meeting their local electrical energy needs. Despite attempts at an individ-
ual or concerted response to this situation, WAEMU member states, with the ex-
ception of Cote d’Ivoire, are still experiencing many major disturbances in the
distribution of electrical energy. There has been a large body of published research
investigating the demand for energy in emerging economies but most of this re-
search has focused on the relationship between energy consumption and income
(Akinlo, 2008; Al-Iriani, 2006; Lee & Chang, 2008). After the crisis of COVID-19,
the vulnerability of the economies of WAEMU member states has become one of
the major concerns with regard to the surge in the price of oil and the structural
nature of this development. The energy bill becomes more expensive and trans-
lates into loss of growth points and difficulties for households faced with inflation
that is spreading in practically all sectors of activity. Between increasingly scarce
wood and increasingly expensive oil, renewable energy sources deserve to be bet-
ter financed by financial institutions to allow households and factories to have
access to potential sources of energy.

Energy consumption is higher in Céte d’Ivoire than in other WAEMU coun-
tries due to the development of its industrial, infrastructure and agricultural sec-

tors (Figure 1).
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Figure 1. Energy consumption in WAEMU countries.
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Figure 2. Average domestic credit to private sector in WAEMU countries.
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Recently, in certain Member States, the cumulative periods of load shedding
sometimes exceed twelve hours per day. This energy crisis, which has finally be-
come structural, is aggravated by the unfavorable international situation for oil-
importing countries due to the continuous fluctuations in the price of petroleum
products.

Financial development is more important in Togo than in other WAEMU
countries because of the development of its banking and private sector (Figure 2).

Resulting directly from the implementation of development policies, State in-
terventions on the Public Securities Market have increased in recent years (Figure
3). From 2016 to 2020, the annual volume of issues increased from 3330 to 4278
billion FCFA. The Regional Stock Exchange (BRVM) is common to all eight (8)
countries of the West African Economic and Monetary Union (WAEMU). The
BRVM is responsible for organizing the stock market, listing and trading securi-

ties and disseminating stock market information.
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Source: WAEMU—Securities Agency, 2020.

Figure 3. Overview of the evolution of the volume (billion FCFA) of issues of financial
securities between 2016 and 2020.

The transport sector is the driving sector of the BRVM in the WAEMU coun-
tries (Figure 4). The governments of these countries must boost public investment
by revolutionizing modern transport infrastructure to revitalize the economy of
the sub-region, the same is true in other sectors where there is a downward vari-
ation in the BRVM index as in agriculture and industry.

The main objective of the paper is to study the impact of financial development
on energy consumption for the specific case of WAEMU countries. The paper
starts by introduction (section 1), and then presents the theoretical and empirical
framework (section 2). Section 3 details the empirical model, data, and method-
ology. Sections 4 reports the empirical results, and finally section 5 offers the con-

clusions and policy implications.
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Variation

Source: WAEMU—Securities Agency, 2023.

Figure 4. Last BRVM update: Tuesday, April 18, 2023 - 10:45 p.m.

2. Theoretical and Empirical Framework

The energy use in Africa is very weak because of the poor supply of modern tech-
nology despite the important deposits of energy resources resulting in frequent
power blackouts, limited access to clean energy sources and increased use of un-
clean energy sources in African countries. The improvement of financial develop-
ment makes it easier for consumers to become indebted and therefore to buy ex-
pensive products and consume more energy (houses, refrigerators, cars...). The
improvement of financial development makes it easier for consumers to become
indebted and therefore to buy expensive products and consume more energy
(houses, refrigerators, cars...) and hence the tendency of energy demand increases
as a result of economic production improvement due to more access to domestic
credit to private sector. According to the literature, financial development is an
important and significant factor of energy consumption as it allows individuals,
households, and firms to demand more energy when access to credit is available
(Ma & Fu, 2020). Access to energy is a major problem in developing countries
because of poverty, insufficient purchasing power and low income. However, the
development of the financial sector through the economy credit is for households,
enterprises and governments, a source of funding for access to solar energy, hy-
droelectric energy, and thermal energy. The link between financial development
and energy consumption can be positive or negative in case of shocks of energy
prices. Some researchers support the idea that financial development stimulates

economic activity and the result is an increase in energy demand (Bekhet et al.,
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2017; Gaies et al., 2019; Islam et al., 2013; Kahouli, 2017; Sadorsky, 2010; Shahbaz
& Lean, 2012) have found a positive link between financial development and en-
ergy consumption whereas some of them have found a negative impact (Ali et al.,
2015; Mahalik & Mallick, 2014; Zeren & Koc, 2014). Karanfil (2009) has used fi-
nancial development as an explanatory variable of energy consumption in his
study. The author justified his idea by the fact that the relationship between energy
consumption and economic growth cannot appear only under a bivariate model.
So, he suggested to introduce one of the indicators of financial development such
as domestic credit to private sector or market capitalization to the model. The
more the financial sector is widely developed the more it attracts the foreign direct
investments and the more it catalyzes urbanization, industrialization, economic
growth and improves energy consumption (Bayar et al., 2021). Energy consump-
tion in factories allow the increase of productivity and push enterprises to require
new technologies through financial institutions in seeking economic growth effi-
ciency increases which in turns improves the financial development of the country
(Haider & Adil, 2019; Ma & Fu, 2020; Mahalik & Mallick, 2014; Muhammad
Awais et al., 2012; Rehman & Rashid, 2017; Sadorsky, 2011; Sbia et al., 2017).
There is evidence of bi-directional linkage between financial development and en-
ergy consumption (Gungor & Simon, 2017; Roubaud & Shahbaz, 2018; Sadraoui
et al., 2019). Ahmed (2017) found a positive impact of financial development on
energy consumption in Brazil, Russia, India, China, and South Africa. Gémez and
Rodriguez (2019) found negative effect between financial development and energy
consumption with panel data from 1971 to 2015 in the North American Free
Trade Agreement. Sadraoui et al. (2019) concluded that financial development
influences significantly energy consumption and economic growth in the Middle
East and North Africa regions from 2000 and 2018. Roubaud and Shahbaz (2018)
studied the link between financial development and energy consumption and the
result revealed the correlation of the two phenomena in Pakistan from 1972 to
2014. Nkalu et al. (2020) confirmed that there is a unidirectional causality from
financial development to energy consumption and economic growth. Odhiambo
(2019) got the same results as these latter in South Africa. Haider and Adil (2019)
brought out the presence of cointegration as well as non-linear/long-run nexus
among financial development, trade openness, and industrial energy use or con-
sumption in India from 1971 to 2016. Odusanya et al. (2021) got both short-run
and long-run positive and significant relationship between financial development
and energy use in Nigeria using time-series data from 1971 to 2014. Abidin et al.
(2015) revealed significant long-run relationship in all the independent variables
which include energy consumption, financial development, trade, and foreign di-

rect investment in some Asian economies.

3. Data and Methodology

3.1. Data Source and Justification of the Choice of Variables

The study utilized balanced and cylindrical panel data of 8 countries of WAEMU
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from 1975 to 2018 obtained from World Development Indicators. The data in-
cludes the dependent variable which is CO, emissions (metric tons per capita)
used as proxy variable of fossil energy consumption, carbon dioxide emissions are
those stemming from the burning of fossil fuels and the manufacture of cement.
They include carbon dioxide produced during consumption of solid, liquid, and
gas fuels and gas flaring, it is the sum of exports and imports of goods and services
measured as a share of gross domestic product (% of GDP). Reducing carbon di-
oxide (CO,) emissions has become an effective way to address climate change and
therefore it is necessary to study the factors that are likely to significantly influence
CO; emissions. The interest variable is the domestic credit to private sector (% of
GDP) used as proxy variable of financial development. Domestic credit to private
sector refers to financial resources provided to the private sector by financial cor-
porations, such as through loans, purchases of nonequity securities, and trade
credits and other accounts receivable, that establish a claim for repayment. For
some countries these claims include credit to public enterprises. The financial cor-
porations include monetary authorities and deposit money banks, as well as other
financial corporations where data are available (including corporations that do
not accept transferable deposits but do incur such liabilities as time and savings
deposits). Examples of other financial corporations are finance and leasing com-
panies, money lenders, insurance corporations, pension funds, and foreign ex-
change companies. Financial development affects the demand for energy because
it allows consumers to access easier and cheaper loans of money to invest more in
economic activities. The financial sector plays an important role in the mobiliza-
tion and use of savings, facilitation of transactions, and monitoring resources to-
wards productive activities in developing countries. Among the control variables
we do have the gross domestic product (constant 2015 US$) used as proxy variable
of economic growth, the industry value added used as proxy variable of industri-
alization, the foreign direct investment and the urban population. GDP per capita
(constant 2015 US$) is gross domestic product divided by midyear population.
GDP is the sum of gross value added by all resident producers in the economy
plus any product taxes and minus any subsidies not included in the value of the
products. It is calculated without making deductions for depreciation of fabricated
assets or for depletion and degradation of natural resources. Economic growth
and CO, emissions are intertwined because economic activities require the use of
fossil fuels, therefore, economic growth is one of the main factors affecting CO,
emissions. Limiting global warming to below 1.5 degrees will require “rapid, pro-
found and unprecedented changes”, including “deep reductions” in non-CO,
emissions such as methane. The industry value added comprises value added in
mining, manufacturing (also reported as a separate subgroup), construction, elec-
tricity, water, and gas. Industrialization and foreign direct investment (in current
U.S. dollars) are important factors that strongly influence the fossil energy de-
mand of developing countries. Both variables affect not only the evolution of labor

market dynamics but also the volatility of macroeconomic variables, financial sup-
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ply, international trade integration, technological impact, human capital for-
mation and improvement of economies of scale leading to more fossil energy con-
sumption. Foreign direct investment refers to direct investment equity flows in
the reporting economy. It is the sum of equity capital, reinvestment of earnings,
and other capital. Direct investment is a category of cross-border investment as-
sociated with a resident in one economy having control or a significant degree of
influence on the management of an enterprise that is resident in another econ-
omy. Ownership of 10 percent or more of the ordinary shares of voting stock is
the criterion for determining the existence of a direct investment relationship. Ur-
ban population refers to people living in urban areas as defined by national statis-
tical offices. It is calculated using World Bank population estimates and urban
ratios from the United Nations World Urbanization Prospects. Urbanization im-
pacts could be observed via population migration and growing size, the extension
of the transport network and intensification of industrial and service activities, the
expansion of public utilities such as health and education for urban citizens. As
energy consumption increases, the level of carbon emissions invariably increases

due to economic activities for enhanced GDP.

3.2. Justification of the Pooled Mean Group Method

In the first step of our investigation, we developed the equation that is shown be-

low to serve as the basic model:

CO2EMT,, =, +,DCP,, + 2, URP,, + ;GDP, , + ¢, FDI,, + &,IND2, , +¢,, (1)

The indice 7 denotes the country (i=1---,8), ¢ denotes the time period

(t=1975,---,2018), «,, are the country specific effects, &;, is the error term

it
whose variance is heterogeneous across countries, CO2EMT is the dependent var-

iable which is the CO2 emissions in metric tons per capita, X,, is the vector of

it
related determinants such as domestic credit to private (DCP), urban population
(URP), gross domestic product (GDP), foreign direct investment (FDI) and in-
dustrialization (IND?2).

We apply the Pooled Mean Group (PMG) approach of (Pesaran et al., 2000) to
examine the relationship between fossil energy demand and select related deter-
minants for 8 WAEMU countries.

According to (Pesaran et al., 2000), panel ARDL can be employed to estimate
the models with variables that are 1(0), I(1), or both I(0) and I(1). Even in case of
the possible endogeneity problem the coefficients of ARDL estimation are consid-
ered consistent, as the model includes lags of both dependent and independent
variables. The traditional estimation methods of panel data by Ordinary Least
Squares, Fixed Effects or Random Effects lead to non-convergent estimators. To
overcome this endogeneity problem, authors employ the generalized method of
moments (GMM) which has some worries such as the homogeneity of the coeffi-
cients (common effects from one country to another), except for the constant that

captures the specific effects and it ignores the properties of unit root and cointe-
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gration of the series and hence, it is difficult to clearly state whether the results
provide long-term effects or spurious results. In our study, the number of coun-
tries is less important than the period in our dynamic panel, hence the use of
GMM estimators is not appropriate. For all these reasons, we decided to use the
Pooled Mean Group method because its estimator has an advantage in the treat-
ment of dynamic panels for which the number of temporal observations T is
greater than that of individuals N (T > N) (Pesaran et al., 2000). It offers the pos-
sibility of estimating a long-term relationship between different variables, without
prior precautions regarding stationarity or even the existence of a cointegration

relationship between them.

3.3. Stationarity Test

The methodology of unit root test depends on the nature of data, in panel data,
we do have two types of unit root tests: first generation tests and second-genera-
tion tests. The first-generation tests, the most used in the literature are the tests of
(Levine, Lin, & Chu, 2002. Unit Root... - Google Scholar, s. d.; Maddala & Wu,
1999; Pesaran et al., 2004) which rely on the tests of (Dickey, 2014) with the null
hypothesis of non-stationarity and the heterogeneity between the individuals in
the panel. However, the most widely used second-generation tests are the tests of
(Choi, 2001; Pesaran et al., 2004; Phillips & Sul, 2003) with the presumption of
interdependence between individuals and this hypothesis is admitted as an ad-
vantage for better studying the properties of panels (Guillaumin, 2011). In our
study, we run the Levin-Lin-Chu (LLC) unit-root test which may be describe as

an ADF regression for panel dataset in the following format:
Ayi,t =YYt Zj;l Q/Ayi,t—j +é&;, (2)

The coefficient 7, = p, and the method examines whether the unit root hy-

pothesisis valid: H,: y,=0 (p,=1)against H,: y,<0 (p,<1).

3.4. Cointegration Test

Kao (1999) utilizes the Dickey-Full and Augmented Dickey-Fuller types in which
the null hypothesis tests is the absence of cointegration based on the two-step pro-
cedure of (Engle & Granger, 1987). Kao (1999) relies on the fact that cointegrating
vectors are homogeneous between individuals unlike that of (Pedroni, 1999) but,
these tests do not admit for heterogeneity under the alternative hypothesis to be
taken into account and are only valid for a bivariate system. Based on the Monte
Carlo simulations, Gutiérrez (2003) concludes that Kao’s tests are superior to Ped-
roni’s tests and provide better estimates in the case of small sample size and hence

many researchers prefer the use of Kao cointegration test.

3.5. Model Specification

The PMG technique provides efficient estimator because it permits us to master

dynamic heterogeneous panels by involving a long-run relationship between fossil
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energy demand and the considered determinants compared to other developed
procedures, such as for example the dynamic panel GMM method, that exclude
long-run linkages among variables. This is of great interest as the variables under
consideration are cointegrated.

Equation (1) is transformed into a panel ARDL (p, g1, g2, g3, ¢4, g5) equation,
in which p stands for the lags associated with the dependent variable and g stands

for the lags associated with the independent variables as following:

InCO2EMT, =a,+ )" ¢, InCO2EMT, ,+)*\ B, InDCP,

+ Ziio Vi InURP, , + Zjio 51']' In GDPit—j (3)

4 5
+27 A4 nFDL,_ +37" 7, InIND2,_, +¢,

=0""9

The dynamic specification model of Equation (2) illustrating the short-run and

long-run context is given by the following equation:

AlnCO2EMT, =@, + Y% A6, InDCP, ;+>"" 0, Aln URP,

1ij it—j 2,0 it—1

+>.7,0,,AlnGDP,

it—j

+>." 0,,AInFDI,_,

4.ij

5
+2.7, 05, AININD2,_ + 3" ¢, InCO2EMT,
(4)
1 2
+2.0,8,InDCP,_; +3"" 'y, InURP,
+>.% 8, InGDP,

it—j

q4
+2.0 4 InFDIL,_,

+ ZC/’S 7;InIND2, ; +¢,

=0""Y

where, A is the first difference of variables. The short-run coefficients are denoted
by 6,, 6,, 6;, 6,,and 6,. While ¢ is the error correction term that is ex-
pected to be significantly negative, the long-run coefficients are denoted by S,
v, 0, A,and 7x.InPMG estimation the long-run coefficients are not allowed
to vary across countries, but it allows the short-run coefficients and error vari-
ances to differ. Given the optimal lag orders p and g selected by the Schwarz in-
formation criterion, maximum likelihood estimators are found to be consistent

and normally distributed asymptotically (Pesaran et al., 2000).

4. Empirical Findings
4.1. Diagnostic Tests

In Table 1, test for the variance inflation factor (VIF) is first performed to further
check that the assumption of negligible multicollinearity was satisfied, as shown
in Table 1. The results reveal that none of the independent variables has a VIF
greater than 10. The assumption is satisfied since the criterion for spotting multi-
collinearity is met. As per previous literature, a VIF > 10 or a 1/VIF < 0.10 indi-
cates trouble.
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Table 1. Multicollinearity test.

Variables VIE 1/VIF
LndDCP 1.08
LnURP 1.29
LnGDP 1.07
LnIND2 1.24
LnFDI 1.18
Mean VIF 1.17

Source: author’s compilation using WDI (World Development Indicators), 2021.

In Table 2, the null hypothesis of Breusch-Godfrey LM test indicates that there

is no serial correlation.

Table 2. Breusch-Godfrey LM test for autocorrelation.

HO: no autocorrelation

chi2 Prob > chi2

1.572 0.2099

Source: author’s compilation using WDI (World Development Indicators), 2021.

In Table 3, the test rejects the null hypothesis which assumes that the model is
homoscedastic. To address this issue, the PMG estimation is applied based on the

characteristics of the sample data used in this study.

Table 3. Modified Wald test for groupwise heteroskedasticity.

HO: no constant variance

chi2 Prob > chi2

511.12 0.0000

Source: author’s compilation using WDI (World Development Indicators), 2021.

The unit-root test given in Table 4 shows that the dependent variable fossil
energy consumption (LnCO2EMT) and the main independent variable of interest
which is the domestic credit to private (LndDCP) are stationary at first difference
and are integrated of order un meaning they are I(1). The other independent var-
iables such as urban population (LnURP), gross domestic product (LnGDP), in-
dustrialization (IND2) and foreign direct investment (LnFDI) are stationary at

level and are integrated of order 0 meaning they are I(0).
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Table 4. Levin-Lin-Chu (LLC) unit-root test.

Stationary in first
Stationary at level U

; difference Order of
Variables . .
integration
LLC Probability LLC Probability
LnCO2EMT -7.8761 0.0000 1(1)
LndDCP ~7.3969 0.0000 (1)
LnURP -2.0877 0.0184 1(0)
LnGDP —6.4592 0.0000 1(0)
LnIND2 -3.3346 0.0004 1(0)
LnFDI -3.6679 0.0001

Source: author’s compilation using WDI (World Development Indicators), 2021.

After determining the existence of the cointegration relationship, it is then ap-
propriate to estimate the cointegration relationship efficiently based on the Pooled-
Mean Group estimation, mean group estimation (MG) and dynamic fixed effects
(DFE). To do this, the estimator is designed on the assumption that the model
constant, as well as the short-term coefficients and error variances, may differ
across individuals, while the long-term coefficients are constrained to be identical
across countries.

The Hausman test will be used for the selection of the best model which pro-
vides efficient and consistent estimator with the assumption that slope coefficients
are homogenous.

The outcomes of the cointegration analysis are shown in Table 5. We can see
that most of the values of probability are less than 0.05, and as a result, we can draw

the conclusion that there is a cointegrating connection between the variables.

Table 5. Kao test for cointegration.

HO: No cointegration
Ha: All panels are cointegrated

Statistic p-value

Modified Dickey-Fuller t —4.4774 0.0000
Dickey-Fuller t -3.0384 0.0012
Augmented Dickey-Fuller t -1.5824 0.0568
Unadjusted modified Dickey-Fuller t —-4.7688 0.0000
Unadjusted Dickey-Fuller t -3.1171 0.0009

Source: author’s compilation using WDI (World Development Indicators), 2021.
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4.2. The Results of Pooled Mean Group Estimation (PMG), Mean
Group Estimation (MG) and Dynamic Fixed Effects (DFE) and
the Hausman Specification Test for Selection between PMG,
MG and DFE Model

The MG estimator is obtained by estimating N regressions independently and
then averaging the coefficients obtained. Pesaran and Smith (1995) show that the
MG estimator is a consistent estimator of the mean of the parameters. However,
it does not take into account the panel dimension of the data and the fact that
some coefficients may be the same for some groups of individuals. On the other
hand, the DFE estimator is obtained by stacking all the data and imposing homo-
geneity of all the coefficients, with the exception of the constant. Indeed, if the
hypothesis of similarity of the coefficients in the long run is accepted, the PMG
estimator increases the precision of the estimates compared to the MG estimator
and the DFE estimator (Table 6).

Table 6. Long-run and short-run results of the tree models.

Dependent variable Pooled mean group Dynamic fixed effects Mean group (MG)
LnCO2EMT (PMG) model (DFE) model model

Long-run coefficients of independent variables

LndDCP 0.4409263* 0.2568218** 0.287836*
LnURP 0.270126 0.2568218 —2.000496
LnGDP 0.0580601* 0.0654817 0.1281261**
LnIND2 0.0634414*** 0.0654817 0.2793378*
LnFDI 0.0268949 0.0888345%** —-0.0073544

Short-run coefficients of independent variables

ALndDCP —-0.3633886 —-0.0025865 0.0102347
ALnURP -0.3633886 —0.1422459 -31.7603
ALnGDP —0.3633886** —-0.0191076*** —0.042671*
ALnIND2 0.1854466 0.0554482 0.1788835
ALnFDI —0.0041943 —-0.0048214 —0.0003851

Error correction
K —0.3633886* —0.1793904* —0.5815064*
coefficient

Source: author’s compilation using WDI (World Development Indicators), 2021; Legend:
P p<0.01,*p<0.05*p<0.1.

Table 7 displays the results of homogeneity test of Blomquist, Westerlund and
reveals that slope coefficients are homogenous. The homogeneity of the long run

coefficient implied by the PMG technique cannot be assumed before estimation

DOI: 10.4236/me.2025.168056

1199 Modern Economy


https://doi.org/10.4236/me.2025.168056

E. I llla

and as such a post estimation test is required. If the long run homogeneity holds,
the PMG estimate is said to be more efficient in comparison to the MG estimates
but when the long run homogeneity fails to hold, the estimates of the PMG be-
comes inefficient compared to the MG technique. Hausman test result proves that
there exists long run homogeneity for the WAEMU countries and hence the PMG

technique is appropriate.

Table 7. Homogeneity test of Blomquist, Westerlund.

HO: slope coefficients are homogenous

Delta p-value
-1.723 0.085
adj. -1.915 0.055

HAC Kernel: quadratic spectral (QS)
with average band with 5
Variables partial led out: constant

Source: Author’s compilation using WDI (World Development Indicators), 2021.

In Table 8, we conducted the Hausman test for selection between PMG, DFE
and MG estimations. The result indicates that PMG estimator is preferred than
DFE estimator and both of two are preferred than MG estimator. As the PMG
estimator predominates the DFE estimator because it permits heterogeneity in
short-run coefficients, it should be relied upon among the three estimators. Based
on the results of the Hausman test, the null hypothesis of slope homogeneity is
accepted with a p-value of 0.3237 (greater than 0.05) and the method to be rec-

ommended in consequence is that of the PMG.

Table 8. Hausman test for selection between PMG, DFE and MG.

MG and DFE MG and PMG DFE and PMG
HO: MG estimator is efficient HO: PMG estimator is HO: PMG estimator is
and consistent while DFE is efficient and consistent efficient and consistent
not efficient while MG is not efficient while DFE is not efficient
p-value = 0.0151 < 0.05 p-value = 0.0583 > 0.05 p-value = 0.3237 > 0.05

Source: Author’s compilation using WDI (World Development Indicators), 2021.

From the PMG model, there is evidence that financial development (variable of
interest), gross domestic product and industrialization contribute information in
the prediction of fossil energy consumption in WAEMU countries. After the esti-
mation, we find that the elasticity of the long-run coefficients of financial devel-
opment, gross domestic product, and industrialization are 0.4409263, 0.0580601,

and 0.0634414, respectively. This indicates that when other elements remain con-
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stant, an increase of 1% in financial development, gross domestic product, and
industrialization would lead to an increase of 0.44%, 0.058% and 0.063% in fossil
energy consumption, respectively in WAEMU countries. This result confirms the
findings of Ma and Fu (2020), Nkalu et al. (2020), who found that financial devel-
opment has significant and positive influence on energy consumption. The result
is in convenience with the theory of economic literature according to Furuoka
(2015) because a strong financial system grants more credit access to more inves-
tors leading to more production with high technology. The elasticity of the long-
run coefficient of urban population is not significant hence, the nexus between
fossil energy demand and population could be subject to ambiguity as some re-
searchers found no significant effect of population on energy consumption (Sekantsi
& Motlokoa, 2015). Indeed, an increasing energy consumption could disrupt en-
ergy supply which may lead to untimely power deficit (Ahmed, 2017). This result
confirms the findings of Lefatsa et al. (2021) and is conducive with the theory of
economic literature. Industrialization processes stimulates huge energy consump-
tion due to the need of energy to fuel machinery and the increasing automation
of productive techniques (Liu, 2009; Sadorsky, 2011). The explanation could be
that the rise of production diversification encourages firms to invest in new high
technological industrial equipments (Mahalik & Mallick, 2014; Muhammad
Awais et al., 2012; Shahbaz & Lean, 2012). The elasticity of the long-run coefficient
of foreign direct investment is not significant meaning that foreign direct invest-
ment doest not have much impact on fossil energy consumption in WAEMU
countries. In the short-run, only gross domestic product influences negatively and
significantly fossil energy consumption in WAEMU countries meaning that the
benefits of growth, such as economies of scale in goods and services, help reduce
environmental damage and these countries can help reduce fossil energy con-
sumption and environmental degradation by financing ecological low carbon in-

vestments in industries.

5. Conclusion and Policy Implication

The objective of the study is to analyze the impact of financial development (var-
iable of interest) on fossil energy consumption (dependent variable) in WAEMU
countries. We used PMG model to examine the impact of financial development
on energy consumption including other control variables like urban population,
gross domestic product, industrialization and foreign direct investment. The study
confirms through the model that all variables impact significantly and positively
fossil energy consumption in WAEMU countries except foreign direct investment
and urban population meaning that the amount of foreign direct investment is
not significantly high and sufficient to influence fossil energy consumption in
WAEMU countries. Policy implication resulting in strengthening the financial
sector through domestic credit to private sector and other financial indicators like
money supply, liquid liabilities, domestic credit to banking sector in new low car-

bon investments could reduce fossil energy consumption in WAEMU countries.
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Governments should undertake soft policy reforms to encourage capital invest-
ment conducive to energy consumption by allowing private industrial invest-
ments to expand and provide access to green energy. Improving the energy effi-
ciency of buildings, vehicles, industrial processes, appliances, and equipment is
the most immediate and cost-effective way to optimize energy use in WAEMU
countries. The WAEMU countries should encourage FDI to allow the transfer of
technology—particularly in the form of new varieties of capital inputs—that can-
not be achieved through financial investments or trade in goods and services so
as to promote competition in the domestic input market.

To achieve the general objective of developing the energy sector, Member States
must comply with the following main rules:

e combating financial market distortions and barriers to competition in eco-
nomic activities in the energy sector,

e adoption and implementation of the necessary and the appropriate legislative
provisions to deal with any unilateral and concerted anti-competitive behavior
in the financial and energy sector,

e investment financing in high technology production and distribution in the
energy sectors to help reduce energy costs,

e WAEMU countries should encourage open access, without any discrimina-
tion, to sources of production and electrical transmission equipment,

e WAEMU countries should take the necessary measures to facilitate the transit
of energy materials and products without distinction as to the origin, destina-
tion or ownership of these energy materials and products and facilitate the in-
terconnection of energy transport equipment,

e WAEMU countries should encourage and create stable, fair, favorable, and

transparent conditions for carrying out investments in the field of energy.
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