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1 | INTRODUCTION

| Stephen Kelechi Dimnwobi?3 |

Ismail O. Fasanya?

Abstract

The adoption and utilization of renewable energy offer potential benefits such as
enhanced energy efficiency, cost savings, and ecological advantages. However, a key
research question addressed in this analysis is whether natural resource rent and
employment dynamics influence renewable energy consumption in Africa. Previous
research has predominantly focused on the aggregate employment rate, overlooking
the nuances of labor diversity across sectors and employment types. Hence, this
study evaluates the importance of natural resource rent and employment in driving
the transition to green energy in sub-Saharan Africa from 1991 to 2022. It employs
the innovative method of moments quantile regression (MMQR) model for this pur-
pose. The findings reveal a positive connection between natural resource rent and
the adoption of green energy. When considering employment types, the study
observes that self-employment and wages/salaried workers undermine clean energy
utilization. Moreover, the study highlights that employment across key economic sec-
tors also plays a role. While employment in the agriculture and service sectors fosters
green energy utilization, employment in the industrial sector impedes renewable
energy consumption. To advance the development of green energy in Africa, this

study underscores a range of policy options.

demand, renewable energy has emerged as a viable means of attaining

a green society (Jin & Huang, 2024; Olanrewaju et al., 2019; Onuoha

The urgency of addressing environmental degradation has become
paramount on the global stage, requiring immediate and concerted
action (Cakmak et al., 2024; Ezenekwe et al., 2024). The combustion
of fossil fuels for energy production has been a major contributor to
the escalation of carbon emissions, leading to disruptions in weather
patterns and environmental upheavals (Dimnwobi et al., 2021; Okere
et al., 2024). The increasing negative effect of this crisis on humanity
and the ecosystem necessitates the shift to eco-friendly lifestyles
(Liu & Lu, 2023). This transition is essential for reducing ecological

damage and guaranteeing a carbon-free future. To meet this crucial

et al., 2023a). While the shift towards clean energy is critical and
widely encouraged, the significant upfront costs involved in these pro-
jects can also make it difficult for nations to embrace these initiatives
(Li & Tong, 2024; Omoju et al., 2024; Onuoha et al., 2023b). Natural
resource rents, which act as a financial reservoir, present a potent
option for economies to advance the utilization of green energy
options (Han et al., 2023). The prudent utilization of revenue from
resource rents to fund green energy can create a financial buffer,
thereby reducing the increased risk linked with high upfront expenses

for green alternatives. The revenue from these resources can also be
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employed to fund incentives or inducements for clean energy technol-
ogies, thereby making them more affordable and widely accessible
(Han et al., 2023; Yuan et al., 2023). Employment also plays a vital role
in stimulating the widespread usage of green energy (Zhao &
Luo, 2017). The expansion in employment levels can boost purchasing
power and economic stability, which will enable enterprises and indi-
viduals to fund eco-friendly energy options (Przychodzen &
Przychodzen, 2020). Additionally, employment growth could contrib-
ute to more prosperous and stable societies that can champion and
enforce green energy strategies (Karmaker et al., 2023).

Sub-Saharan Africa (SSA) provides an excellent context for asses-
sing the influence of natural resources, employment, and clean energy
consumption for at least three critical reasons. First, the region
depends significantly on conventional biomass, which accounts for
66% of the final energy use in these economies (International Energy
Agency [IEA], 2020). Notwithstanding the region's huge potential for
renewable energy, it is yet to be fully exploited. For instance, in 2018,
renewables accounted for 26% of power generation, 8% of final
energy use, and 7% of the total primary energy supply (International
Renewable Energy Agency [IRENA], 2020). The region also has one of
the world's richest solar resources, but it currently only boasts around
5 GW of solar photovoltaic (PV), representing less than 1% of the
global share of solar PV (IEA, 2019). This underlines the significant
underemployment of clean energy potential in the region. Besides,
since 2000, clean energy consumption as a portion of overall energy
use in SSA has been decreasing (World Bank, 2023). The major concern
for this underutilization of clean energy in this region is that they are
the worst hit by the climate crisis despite making a negligible contribu-
tion to global carbon emissions (Dimnwobi, Okere, Onuoha,
et al., 2023). Additionally, the region, unlike its developed counterparts,
has a weak adaptation framework to climate change. SSA economies
are signatories to the Paris climate agreement, which strives to lessen
global emission levels. Green energy possesses the potential to mitigate
the emission level and address the energy access divide in the region
owing to the significant green energy resources (Dimnwobi, Madichie,
et al., 2022). Therefore, there is a pressing requirement to advocate for
the development and utilization of clean energy in Africa. Second, natu-
ral resource rents provide an avenue that can be utilized to further
develop the region's green energy sector. SSA boasts significant
resource reserves. For instance, Nigeria, Angola, and Gabon, among
others, have vast oil, diamond, and gold reserves (Nwani et al., 2023).
The huge resource deposits in these economies also translate to a sig-
nificant contribution to the region's economic growth. In 2021, natural
resource rents as a share of GDP in SSA stood at 10%, which is signifi-
cantly more than the world's average of 3% (World Bank, 2023). The
abundance of these resources in this region provides a notable prospect
for SSA to pivot towards sustainable energy. Tactical and judicious use
of revenue derived from these resources can propel investments
towards the development of robust green energy networks.

Third, as per the World Bank's data, the employment-
to-population ratio in SSA is 62% higher than the world's average of
56% (World Bank, 2023). The agricultural sector continues to provide

a major source of employment in the region, with its contributions in

2021 standing at 52%, reducing slightly from 56% in 2011 (World
Bank, 2023). Relatedly, the service sector contributed 37% to employ-
ment in 2021, increasing from 34% in 2011. Additionally, industrial
employment also witnessed a moderate uptick, climbing to 12% in
2021, relative to 10% in 2011 (World Bank, 2023). These significant
employment dynamics in this region provide favorable conditions for
individuals to enhance their economic resources. The expansion of
employment across multiple sectors will increase financial security,
thereby increasing the likelihood of funding and embracing green
technologies. These dynamics set the groundwork for the progression
towards eco-friendly lifestyles across the region.

Our research enriches the literature in several ways. First, this
research is a pioneering effort to assess the influence of employment
and natural resources on the clean energy transition in Africa. This
study not only shows the dynamics influencing the green transition but
also fills the void in the literature. Second, unlike other studies that have
employed aggregate employment rate, our research adopts a more
comprehensive approach by utilizing employment across the key eco-
nomic sectors (industry, services, and agriculture) as well as employ-
ment types (wage and salaried workers and self-employed individuals).
Third, previous studies have been dominated by studies using condi-
tional mean estimates; our study employs the method of moments
quantile regression (MMQR). This advanced technique estimates the
relationships at different quantiles of renewable energy, which is the
dependent variable. This study provides informed suggestions that will
aid African economies in expediting the adoption of renewable energy
technologies, thereby bolstering climate stabilization.

The study will follow the subsequent structure. Section 2 provides
the pertinent literature. Section 3 encompasses the data sources and
methods, while Section 4 comprises the findings and discussion. Finally,
Section 5 presents the conclusion and policy recommendations.

2 | LITERATURE REVIEW

This section of the study is divided into four segments. The first part
encompasses the theoretical foundation. The second segment is on
the nexus between natural resources and clean energy, while the third
component focuses on the green energy effects of employment
dynamics. The last part of this section documents the shortcomings of

previous studies.

21 | Theoretical underpinning

The resource curse hypothesis states that resource-rich economies
usually encounter poor development outcomes relative to their coun-
terparts with fewer resources. This paradox is driven by the fact that
these economies rely significantly on their natural assets, resulting in
corruption, economic instability, and disregard for other critical sec-
tors of the economy (Jin & Huang, 2024). Relating this theory to clean
energy, this resource curse can manifest in diverse aspects. First,

nations with enormous resources might not be motivated to fund
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sustainable energy owing to their substantial income emanating from
exporting fossil fuels. This can hamper the shift to green energy
sources, as stakeholders benefiting from these conventional fuels
would frustrate this change (Zhang et al., 2023). Second, institutions
can be eroded with a surge in resource revenues, resulting in weak
governance and systemic corruption, which can undermine the estab-
lishment of infrastructure and strategies to drive sustainable energy
projects. Third, the economic uncertainty linked with the volatility of
commodity prices can deflect funds and attention away from
extended funding in green energy, as the priority of the government
may be stabilizing the economy in the short term over clean energy
development (Li & Tong, 2024). Lastly, economic diversification and
innovative activities can be suppressed, as these resource-abundant
nations may not have the incentive to expand alternative sectors,
including sustainable energy, leading to sluggish progress in the
uptake of green energy. These factors impede the transition to clean
energy in nations blessed with natural resources. On the flip side, neo-
classical growth theory underlines the criticality of labor, capital accu-
mulation, and technological advancements in promoting economic
advancement (Halkos & Psarianos, 2016). This theory can be applied
to explain how employment shapes the adoption of sustainable
energy (Fanti & Manfredi, 2009). First, increased employment levels
may result in improved income, which likely enhances the demand for
clean energy. Income has been identified in the literature as one of
the drivers of clean energy uptake (Onuoha et al., 2023a, 2023b). Sec-
ond, labor force expansion can bolster the diversification of the econ-
omy, minimizing the dependence on conventional energy options and
stimulating a reliable and sustainable energy outlook (Deng
et al., 2023). Third, enhancing employment levels can boost funding
for green energy as governments and businesses react to the growing
appeal for clean energy options (Halkos & Psarianos, 2016). Fourth,
employment growth often leads to an expansion of the requisite
skilled manpower, which may boost innovation as well as enhance the

efficiency of eco-conscious technologies (Durani et al., 2023).

2.2 | Natural resources-renewable energy
consumption nexus

Resource rent can provide diverse economies with the resources to
fund green energy. However, studies on the nexus between natural
resources and sustainable energy, so far, have yet to reach a consensus.
Beginning with studies that report that natural resources facilitate the
green transition, Ma et al. (2023) find that the utilization of natural
resources facilitates the transition to more environmentally friendly
energy sources in OECD countries. This suggests the potential for natu-
ral resource in the shift towards greener energy in developed econo-
mies. Zhang et al. (2024) align with this outcome by showing that
higher resource rents stimulate the adoption of clean energy in China.
Ahmadov and van der Borg (2019) confirm that natural resources sup-
port the green transition in the European Union. This is also related to
the outcome in N-11 economies by Yuan et al. (2023), demonstrating

that increased embracement of renewable energy is facilitated by

natural resources. Likewise, Olaniyi and Odhiambo (2024) observed
that resource-rich African economies are driven towards clean energy
development by their abundant natural resources. In a broader context
covering 162 nations, Han et al. (2023) conclude that clean energy utili-
zation is stimulated by natural resources. Focusing on a specific
resource rent, Olanrewaju et al. (2019) disclose that natural gas rents
positively influence green consumption in African economies, while Liu
and Lu (2023) report that oil and forest rents are positively associated
with BRICS's renewable electricity production.

Differing from the foregoing, some other studies uncover that
natural resources may not always promote green energy uptake. This
is because resource abundance often generates severe economic reli-
ance on conventional fuels, which impedes the funding and policy
backing required for the establishment of green energy infrastructure.
For instance, Shinwari et al. (2022) reveal a negative relationship
between natural resource volatility and investment in renewable
energy in China. Relatedly, Dingru et al. (2022) concluded that natural
resource rents play a negligible role in fostering the growth of Africa's
renewable energy sector. Their findings suggest that these rents have
little impact on facilitating the transition to green energy.

Therefore, this study evaluates the following null hypothesis:

Hypothesis 1. Natural resource rent has no significant

impact on the green energy transition.

2.3 | Employment-renewable energy
consumption nexus

This assessment of the literature in this segment is divided into two
streams. The first strand is on the clean energy effect of employment
dynamics showing how employment promotes or undermines the uti-
lization of clean energy. In the other part, we document literature that
assesses the reciprocal connection showcasing the influence of clean
energy utilization on generating employment possibilities. This strand
focuses on how employment drives clean energy utilization; however,
the literature on this nexus is still limited. For instance, Przychodzen
and Przychodzen (2020) affirm that rising unemployment, which is
declining employment levels spur clean energy production. This
is quite different from the finding of Karmaker et al. (2023) in the top
remittance-receiving economy demonstrating that employment is
essential in the transition to clean energy. In a single-country context,
Zhao and Luo (2017) report that the utilization of sustainable energy
is significantly encouraged by employment.

There has been a significant disparity in research focus, as prior
studies have majorly concentrated on how clean energy consumption
drives employment generation, but the effect of employment in stimu-
lating the uptake of clean energy has not been given adequate research
attention. This stream of studies documents the nexus between sus-
tainable energy and employment dynamics. Henriques et al. (2016)
appraise the influence of clean energy on employment generation in
Portugal, indicating that sustainable energy promotes job creation.

Analogously, Arvanitopoulos and Agnolucci (2020) report that
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sustainable energies are essential for the United Kingdom's employ-
ment growth. Relatedly, Fillemann et al. (2020) reveal using
Switzerland's data that clean energy boosts employment. Khobai et al.
(2020) conclude that South Africa's employment opportunities respond
favorably to the development of green energy. This is also related to
outcomes derived in China by Chen (2019) and Liu et al. (2023), who
affirm that renewable energy consumption fosters labor market expan-
sion. In a wider context, Proenca and Fortes (2020) and Ortega et al.
(2020) establish the enhancing effect of green energy on employment
growth in European Union nations. Likewise, Osei et al. (2022) find that
clean energy positively influences job creation in both European and
Asian economies, but the effect is stronger in the European countries.
Diverging from earlier research, some other studies argue that
clean energy does not enhance employment growth. For instance,
Saboori et al. (2022) find that increased utilization of clean energy is
linked to a rise in unemployment in the United States, indicating that a
shift towards higher renewable energy consumption potentially reduces
employment rates. Muniyoor (2020) investigates the impact of invest-
ing in solar energy on job creation in India, observing no notable posi-
tive response. Similarly, Celik (2021) illustrates the lack of a correlation
between clean energy transition and work creation in the US economy.
In line with the foregoing, this research assesses the following null

hypothesis:

Hypothesis 2. Employment has no significant effect on

clean energy consumption.

24 | Research gap
The preceding discussion reveals an increasing trend of studies aiming
to forecast green energy utilization through the lenses of natural
resources and employment dynamics. However, significant shortcom-
ings are still evident in the literature necessitating additional research
attention. First, the literature majorly concentrates on economies
other than Africa, ignoring the challenges faced in transitioning to
clean energy. Despite the region's increasing exposure to the adverse
effects of the climate crisis, huge resource endowment, and employ-
ment patterns, studies in this context are still not available. Hence,
this underlines the critical need for research addressing this lacuna.
Second, the criticality of employment in promoting the green energy
transition receives limited attention in the literature, particularly in the
African context. Previous research has majorly assessed how the utili-
zation of clean energy influences employment, neglecting the recipro-
cal connection wherein employment growth fosters sustainable green
energy development. Third, studies on the employment-green energy
nexus have primarily employed aggregate employment measures,
ignoring the diverse labor landscape across sectors and employment
categories. Another limitation of prior works is the use of linear
econometric models, thereby neglecting the nonlinear relationship
between the variables.

These shortcomings are addressed in this study by assessing the

effect of natural resources and employment on clean energy in Africa.

The transition to sustainable energy provides a pathway Africa can
utilize to achieve carbon neutrality. Furthermore, this research con-
tributes to the limited studies on the connection between employ-
ment and green energy. It diverges from previous research by
considering labor diversity across various sectors and employment
types. Specifically, it analyzes employment in key economic sectors—
agriculture, services, and industry—as well as among self-employed
individuals and wage/salaried workers. Finally, the study employs the
MMQR technique to examine the asymmetric relationship between
natural resources, employment, and renewable energy consumption.
This approach enables the exploration of this nexus across the condi-
tional distribution of renewable energy consumption, facilitating the
identification of appropriate policy responses.

3 | METHODOLOGY

3.1 | Modeldesign

The underlying theoretical basis for modeling renewable energy using
employment and natural resource rent as independent variables is
rooted in comprehending the dynamic relationship between eco-
nomic, social, and environmental factors that shape the transition to
renewable energy. This transition is encapsulated by the equation
I=P*A*T, as proposed by Holdren and Ehrlich (1974) and York
et al. (2003). This equation serves as an environmental impact model
that is well-suited for econometric analysis and can be easily
explained from an economic standpoint. In this model, | represents
environmental impact or pollution, P represents population,
A represents affluence, and T represents technology and serves as a
channel through which other variables can be incorporated into the
model. The same relationship can be expressed in this study as

follows:

INREN;; = By + 1 INNRR;t + S,INEMP;; + &4 (1)

The variables are expressed in logarithmic form,® denoted by
“In.” The subscripts i and t correspond to country ith in year t,
while & represents the stochastic error term. NRR indicates natural
resources rent, EMP indicates a vector of employment from primary
industry (agriculture, forestry, and fishing, expressed as a percentage
of GDP) (asemp), secondary industry (construction, mining,
manufacturing, energy, and water utilities sectors, expressed as a per-
centage of GDP) (isemp), and tertiary industry (services, expressed as a
percentage of GDP) (ssemp), self-employed (selfemp), and wage and
salaried (wsw).

The presence of carbon transfer in renewable energy systems can
stem from various structural conditions such as different physical,
technological, and socioeconomic factors. With this in mind, we con-
sider the influence of other factors in our model specification for this
empirical analysis. One such additional factor we examine is the level
of economic development. Research suggests an inverted U-shaped

relationship between renewable energy and economic growth in
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Africa. In this context, the association between renewable energy
deployment and economic growth initially demonstrates positive
effects. However, beyond a certain threshold, further increases in
economic growth may undermine the green energy transition. To
account for this, we include per capita GDP in our analysis, both as a
standalone variable and as a squared term. Similar studies conducted
by Nwani (2022) and Cakmak et al. (2024) have adopted a similar

approach. Thus, the model is re-specified as follows:

INREN;; = f3o + $1InGDPCis + o InGDPCSQy; + InNRRy; + B4 INEMPy; + e
(2

The inverted U-shaped curve of the EKC hypothesis is valid if
$1>0 and p,<0. The intercept of the functional relationship is
denoted as fy, while ;...5, represent the coefficients associated with
the explanatory variables. These coefficients serve to explain the indi-
vidual effects of the variables on renewable energy. We expect the
underlining elasticities as 3 >0 and g, > 0.

3.2 | Data sources and description statistics

To conduct empirical analysis, this study used annualized panel data-
sets from 44 African nations (see Appendix A) that span the years
1991-2022. With a bigger cross-sectional (N) dimension and a signifi-
cant time dimension (T), a macropanel framework was used as a con-
sequence. Reliable conclusions were ensured by implementing the
appropriate stages for a framework (N > T). Notably, the study's
parameters were set in accordance with the data that were available.
Table 1 provides more tables with details on the pertinent panel
series.

Renewable energy consumption is used as the dependent vari-
able. Clean energy mitigates pollution, resulting in a healthier envi-
ronment and enhanced public health (Onuoha et al., 2023a). The
utilization of green energy conforms to numerous SDGs, specifically
Goal 7 (sustainable and inexpensive energy) and Goal 13 (climate
action) (Onuoha et al., 2023b). We utilize employment in services,
industry, and agriculture, as well as salaried workers and

self-employed workers as the independent variables. These variables

holistically document employment across critical economic sectors
and different kinds of work arrangements. Service, industry, and
agriculture employment indicate labor distribution across key eco-
nomic sectors, offering an understanding of economic composition
and development, while self-employed and wage and salaried
workers showcase diverse patterns of employment security and
income stability, underlining differences in the conditions of employ-
ment and likely vulnerabilities. Natural resource rent is also
employed as an independent variable. Resource rent can impact
clean energy by offering the needed support to invest in eco-
conscious technologies, as governments could utilize resource reve-
nues to fund sustainable energy initiatives (Zhang et al., 2024). On
the flip, increased rents from non-renewable options could lower
the speed of shifting to clean energy, as resource-rich nations may
prioritize immediate economic benefits over long-term sustainability.
Economic growth is also another variable utilized in the study, as an
expansion in income can facilitate the rapid transition to green
energy (Onuoha et al., 2023a).

3.3 | Estimation techniques

The current study utilized a diverse range of panel econometric
approaches to provide thorough empirical insights into the research
questions. Following that, comprehensive explanations of all relevant

approaches are presented below.

3.3.1 | Cross-sectional dependency test and slope
heterogeneity tests

To determine the eventual cross-sectional dependency and heteroge-
neous slope, the study utilized various techniques. These techniques
included the Pesaran (2015) average correlation coefficients CD test
technique as well as a set of recently proposed weak CD toolkits. The
weak CD toolkits used were the CD Pesaran (2015), CD,, (Juodis &
Reese, 2022), weak CD* (Pesaran & Xie, 2021) tests, and the weak
CD,,, test with power enhancement approach by Fan et al. (2015).

The selection of these techniques was based on their efficiency and

TABLE 1 Data sources and description statistics.
Unit of measurement Notation Series Source
Employment in agriculture (% of total employment, modeled ILO estimate) asemp Employment in agriculture WDI
Employment in industry (% of total employment, modeled ILO estimate) isemp Employment in industry WDI
Employment in services (% of total employment, modeled ILO estimate) ssemp Employment in services WDI
GDP per capita constant 2015 US$ gdpc Economic growth WDI
Renewable energy consumption of total final energy consumption ren Renewable energy WDI
Self-employed total (% of total employment, modeled ILO estimate) selfemp Self-employed WDI
Wage and salaried workers total (% of total employment, modeled ILO estimate) WSW Wage and salaries WDI
Total natural resource rents (% of GDP) nrr Natural resource rents WDI

Abbreviation: WDI, World Development Indicators.
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reliability in determining whether to accept or reject the null hypothe-
sis of cross-sectional dependency (CD). While the traditional CD test
(Pesaran, 2004) proposed the null hypothesis of cross-sectional error
independency, which can result in excessive rejections, the enhanced
techniques hypothesized the null of weak CD and the alternative of
strong CD. The results of the CD tests were used to decide whether
to employ first-generation panel procedures or second- and third-
generation panel procedures. If the null hypothesis of cross-sectional
error independence was rejected, it means that first-generation panel

procedures were not applicable.

cD B B Z Z AmmB2, — B(0,1) (2a)

n 1 m=n+1

where B2 represents the statistical measure associated with the
residuals, while “A” and “B” represent the dimensions of time and
cross-section, respectively.

2 T n t-1
CDW = m; — — WnE,f W,S,t (2b>
CDWJr = CDw +Ant (2C>

Equations (2a)-(2c) correspond to the functional formulations
suggested by Pesaran (2004) for the average correlation coefficient
CD test, CD,,, and Fan et al.'s (2015) weak CD,, . tests, respectively.
Xie and Pesaran (2022) established the bias-corrected CD test to
address the shortcomings of CD, CD,,, and CD,, .. The bias-corrected
CD test (CD*) is expected to follow a normal distribution in theory,
with the ability to handle both weak and strong latent components
(Xie & Pesaran, 2022). CD* specifically targets the inherent asymp-
totic bias found in regular CD tests. Therefore, Equation (2d) defines

the mathematical structure of CD.

_cp+ \/7 2

1-6,

n
where 0,=1 —%Z (pfn represents the function that guarantees the
existence of CD* in the functional scheme equation (2d).

3.3.2 | Slope heterogeneity tests

The study utilizes the slope heterogeneity (SLH) technique proposed
by Pesaran and Yamagata (2008) to address the issue of varying
slopes. The typical SLH framework is illustrated by Equations (3) and
().

Bon = (NP2 4 (5K ) 3

The null and alternative hypotheses are the delta KSH and modi-
fied delta Aagy that is in tandem with the homogeneous and hetero-
geneous slope coefficients.

3.3.3 | Panel unit-root tests
The study employed a range of panel unit-root methodologies, includ-

ing the second-generation  cross-sectional IPS  method
(Pesaran, 2007), along with a modified version known as truncated
CIPS (CIPS-TR), which incorporates specific adjustments to the origi-
nal CIPS test. Furthermore, the research utilized a third-generation
panel unit-root approach pioneered by Karavias and Tzavalis (2016),
which accounts for structural shifts within the panel. Below is the

equation representing the CIPS test.

AYie=w;+p; Vi1 +doYi- 1+Zd,,AYt ,+ZCUAY,¢ +er (5)
=0 =1

The symbol A is used to represent the difference operator. The
variable of interest is denoted as Y, and the index i ranges from 1 to n,
representing the countries being considered. Similarly, the index
t ranges from 1 to T, representing the time periods. The stochastic
error term is denoted as &:. The CIPS statistics are derived from
Equation (5). The equation for the CIPS test can be expressed as

follows:
1 N
CIPS = N; CADF; (6)

In addition, as was previously indicated, we offer a reduced ver-
sion of the CIPS statistics, called CIPS-TR. Modifications to the origi-
nal CIPS test are included in the CIPS-TR and shown as follows:

N
CIPS—TR= % " CADF; (7)
i=1

This study employed CIPS panel unit-root tests in our research to
ascertain the presence of cross-sectional dependence in the data. The
Westerlund (2007) cointegration test of the second generation is
employed for analyzing panels that possess both variation and depen-
dency over several time periods. This examination enables us to
assess the presence of cointegration among the variables inside the
panels, indicating the existence of a long-term association. If cointe-
gration is seen, it becomes possible to reject the null hypothesis posit-
ing the absence of any such link. Furthermore, the investigation
employed a third-generation unit root devised by Karavias and Tzava-
lis (2016) for data analysis. This strategy accounts for any modifica-
tions that may have taken place within the cohort of subjects under

investigation.
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N

2 (N.T)
CIPS(N,T) =1 (8)
X;t:Dit+ﬂ;Ft+ﬂé (9)

In Equation (9), the variables X, Di, Ft, 4, and 4; are utilized to
denote distinct components. X;; is a mathematical expression that
encompasses various components, including a deterministic compo-
nent of Dy, a common component 4F;, a polynomial trend function, a
vector of rx 1 common factors, a vector of factor loadings, and
the idiosyncratic error term. A more recent technique (Ditzen
et al, 2021) was employed to perform a confirmatory test.
This updated method considers the possibility of multiple breaks
occurring at unknown breakpoints. It assists in determining whether
to accept or reject the relevant null hypotheses. As domiciled in the
Ditzen et al. (2021) approach, the null hypothesis assumes the
absence of structural break(s), while the alternative hypothesis
assumes the existence of a certain number of breaks. Equation (10)
illustrates a standard panel unit-root procedure that incorporates mul-

tiple breakpoints.
Tig =X+ @i d5 iy + €t (10)

where f; denotes an m x 1 vector of factors, while y; depicts the appli-

cable vector of factor loadings.

3.34 | Econometric strategy

The study used the instrumental variable generalized method of
moments (IV-GMM) methodology, which is preferred above ordinary
least squares because of its ability to handle endogeneity, omitted
variable bias, and autocorrelation concerns (Dimnwobi, Okere,
et al.,, 2022; Dimnwobi, Okere, Azolibe, & Onyenwife, 2023; Okere
et al., 2023b). IV-GMM is highly effective when the number of cross-
sectional units is greater than the number of time periods (N > T). The
IV-GMM technique can effectively address bias caused by variable
omission, provide consistent estimates, and generate efficient results
even when unknown heteroscedasticity is present, surpassing the
need for orthogonality (Baum et al., 2003). The reliability and valida-
tion of this approach are evaluated using a one-step estimate process
(Cameron & Trivedi, 2005). The IV-GMM approach? in this study
provides just the mean effect of explanatory variables on the depen-
dent variable. Therefore, it may provide just a small amount of real-
world evidence to help policy analysis, especially when the data's dis-
tribution greatly differs from a normal (symmetrical) distribution. To
overcome this constraint, we also employed a panel quantile regres-
sion method. This approach is capable of considering the impact of
distributional effects when the data significantly deviate from a sym-
metric distribution, as recommended by Machado and Silva (2019).
The comprehensive specification is utilized to modify the equation as

follows:

Qy(7lXie) = (B + 6iqi) + Xieh + Zigra(z) (11)

where Q,(z|Xj) depicts the quantile distribution of the dependent
variable InY};, conditional on the location and scale of the explanatory
variable (Xj,). Xj, is a vector of explanatory variables. a;(r) = a; + 5q(z)
represents the distributional effect at 7 or the scalar coefficient of the
quantile 7 fixed effect for individual i. g(z) is the rth quantile estimated

through the optimization function as follows:
min>> . (Re— (5+2i7)a) (12)
T

Accordingly, the threshold p, (A)=(z—1)AI{A<0}+7AI{A>0}
offers a check function. Drawing from Equation (12), we present the
final modified baseline model stated in Equations (1) and (2) for panel

quantile calculation as follows:
Qv (zlBi €it, Xit) = o + PXig +vZie + Sit +&it (13)

The quantile model presented in Equation (13) considers the dis-
tributional effects of explanatory variables on the explained variable
and also accounts for the impact of natural resource rent and employ-

ment on renewable energy in Africa.

4 | RESULTS AND DISCUSSION

4.1 | Preliminary analysis

The correlation matrix and summary statistics data in Table 2 provide
an empirical summary of the panel series under examination. Table 2
is divided into two panels: Panel A displays the correlation matrix,
while Panel B presents the summary statistics that highlight important
features of the series. The predicted values of all the series fall within
the range of their minimum and maximum values, suggesting a poten-
tial for convergence. Among the series, Inasemp exhibits the highest
dispersion, followed by Inren, while Inwsw is the least scattered.
Except for Ingdpc, which measures divergence from a normal distribu-
tion, all variables display left-skewness indicated by their negative
coefficients. This implies that traditional linear econometric tech-
nigues may not produce consistent estimates, and nonlinear methods
capable of capturing the effects of such irregular distributions should
be employed. The correlation matrix in Panel A provides initial insights
into the degree of correlation between the series. It reveals that Inren
is negatively associated with explanatory variables (Ingdpc, Inwsw, Ini-
semp, and Inssemp), while Inselfemp, Inasemp, and Innrr are potential
positive predictors. Importantly, all correlation coefficients are below
60%, indicating that multicollinearity is not a concern.

To enhance knowledge of the attributes of the variable under
investigation and the possible associations among various parts, the
research employed CD and SH tests. Table 3 displays the outcomes of
these examinations. The estimates derived from the CD and SH tests

(Table 3) validate the presence of cross-sectional dependence in the
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TABLE 2 Correlation matrix and descriptive statistics.
Panel A: Correlation matrix
Variables Inren Ingdpc Inselfemp Inwsw Inasemp Inisemp Inssemp Innrr
Inren 1.0000
Ingdpc —.6817 1.0000
Inselfemp .5556 —.6836 1.0000
Inwsw —.5085 .7003 —-.8711 1.0000
Inasemp .5438 —.6179 .6075 —.6270 1.0000
Inisemp —.4496 .6041 —.6017 .6817 —.3939 1.0000
Inssemp -.5118 .7370 —.6155 7239 —.7805 6664 1.0000
Innrr .2057 —.1887 .3509 —-.3701 4425 —.1750 —.3173 1.0000
Panel B: Descriptive statistics
Mean Median Max Min sD Skewness Kurtosis JB P-value
Inren 1.8081 1.8969 1.9927 0.5658 0.2244 —2.5240 10.4088 4567.875%* .0000
Ingdpc 3.0241 2.9508 4.1530 2.2796 0.3746 0.6578 2.7643 101.515*** .0000
Inselfemp 1.8402 1.8974 1.9807 1.2946 0.1515 -1.6913 5.0280 884.046*** .0000
Inwsw 1.3288 1.3231 1.9047 0.6393 0.3093 —0.0152 2.2172 34.8799*** .0000
Inasemp 1.6756 1.7535 1.9661 0.0826 0.2866 —2.8664 13.8809 8596.631*** .0000
Inisemp 0.9877 0.9817 1.5415 0.3139 0.2574 —0.3489 2.8855 28.4172*** .0000
Inssemp 1.4788 1.4939 1.9704 0.7254 0.2300 —-0.4919 3.2902 59.7832*** .0000
Innrr 0.8766 0.9053 2.0638 —3.3344 0.4835 -1.3712 10.2684 3429.876** .0000

Note: This information is based on calculations performed by the authors.
*Statistically significant correlations at the 10% level.

**Statistically significant correlations at the 5% level.

***Statistically significant correlations at the 1% level.

panel series since the traditional CD technique may tend to be mis-
leading (Pesaran, 2004). The SH test (Panel B) presents compelling
evidence of heterogeneity among the relevant panel series, indicating
that the null hypothesis of a uniform slope across sections is likewise
disproven. The study utilizes two second-generation unit-root
approaches and a third-generation panel unit-root procedure, based
on the findings of the CD and SH tests. The outcomes of these tests
are summarized in Table 4. The chosen panel techniques are very suit-
able for addressing the issues presented by variances between differ-
ent sections and structural disruptions.

The results of the second-generation panel unit-root analyses, as
shown in Table 4, suggest that the relevant variables display a combi-
nation of integration features. This indicates that certain variables
possess intrinsic stationarity, while others attain stationarity via
undergoing first-order differencing. This pattern is uniform in both
applied processes. In addition, the panel unit-root analyses of the third
generation indicate that the variables have experienced structural
fractures at several points in time, specifically in 1994, 2003, and
2021. These breaks align with the occurrence of the recent global
financial and COVID-19 epidemic. Based on this outcome, the paper
examines the long-term coevolution of the variables using the Wes-
terlund cointegration testing methodologies. The findings of this panel

cointegration analysis are concisely reported in Table 5.

Table 5 presents the estimations derived from the Westerlund
cointegration techniques applied in this research across all models.
The findings emphasize the long-term coevolution of the panel series
(INREN;t = fo + B4

indicating  evi-

included in the two models representing
inGopc + f32INGDPCSQjt + B3INNRR;t + f4INEMPy + &),
dence of cointegration among these panel series according to the
Westerlund cointegration procedure. Given the compelling evidence
from other identified attributes of the panel variables, the study opted
for several enhanced panel estimators known for yielding robust out-
comes for the final empirical inferences. The results of these panel
estimators are summarized in Tables 6 and 7. Therefore, the utilization
of IV-GMM, MMQR, and IV-MMQR techniques is crucial due to their
capacity to generate reliable results that carry significant implications
for the green energy transition in SSA nations. Tables 6 and 7 present
the outcomes of the IV-GMM, MMQR, and IV-MMQR methods, illus-
trating the effects of distinct explanatory variables on the response

variable, both conditionally and unconditionally.

4.2 | Regression result

Aligned with the previously outlined study objectives and the even-

tual findings of pertinent preliminary assessments, the selection and
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TABLE 4  Stationarity test.
CD-adjusted (second-generation) panel unit-root tests Karavias and Tzavalis (2016) Ditzen et al. (2021)

Series CIPS (level) ACIPS TCIPS (level) ATCIPS Min Z stat Break point Coff. t stat Break date
ren -2.086 —2.284** —2.008 —3.228*** —12.7134*** 1997 F(1/0) 3.98*** 1994
gdpc —2.086 —-3.299** —-1.612 —2.715*** —16.4189*** 1997 F(2/1) 4.79*** 2003
gdpcsq —-1.803 —5.346** -1.631 2.532*** —15.8545*** 1997 F(3/2) 5.02*** 2021
selfemp —1.692 —3.144** —2.604 2.748*** —1.1048*** n/a F(4/3) 2.78 n/a
WSW -1.923* —2.947** —2.436™* —2.747*** —8.0051*** 1997 F(5/4) 2.22 n/a
asemp -1.301 —5.571** -1.989 —2.628*** —21.1129*** 1997
isemp —2.328* —3.228** -1.732 —2.395%** —6.5300* 1997
ssemp —-1.733 —3.144** —1.943* —3.134*** —22.6264*** 1997
nrr -1.523 -3.596** -2.106 —2.785%** —13.9546*** 1997

Note: This information is based on calculations performed by the authors.

*Statistically significant correlations at the 10% level.

**Statistically significant correlations at the 5% level.

***Statistically significant correlations at the 1% level.

TABLE 5 Cointegration test.

INREN;; = B -+ #1InGDPCi; -+ foInGDPCSQi; + f5InNRRi¢ -+ f4InEMP;; + €3¢

Statistic Value Robust p value Value

Gt —2.848*** .0100 —3.1120***
Ga —11.212** .0300 —12.023***
Pt —15.628*** .3400 —15.376***
Pa —9.064*** .3500 —10.588***

Robust p value
.000
.000
.500
.140

Note: The findings presented in this table disprove the null hypothesis that there is no cointegration
among the variables in both the panel model specifications (as indicated by the Pt and Pa statistics) and
the cross-sectional units (as represented by the Gt and Ga statistics). Therefore, the existence of a lasting

relationship is confirmed in all the models used.
*Statistically significant correlations at the 10% level.
**Statistically significant correlations at the 5% level.
***Statistically significant correlations at the 1% level.

implementation of the IV-GMM, MMQR, and IV-MMQR methodolo-
gies hold utmost importance. Specifically, the estimates presented in
Table 6 delve into the influence of employment types (self-employed
and wage and salaries) and natural resource rents on the transition
towards green energy (renewable energy) within SSA. Meanwhile, the
estimates in Table 7 elucidate the impact of employment across key
economic sectors (employment in agriculture, industry, and services)
and natural resource rents on the level of green energy transition in
the region. In Table 6, the IV-GMM effects regression in column 1 elu-
cidates the average effect of the explanatory variables, utilizing esti-
mates resilient to various forms of cross-sectional dependence.
Meanwhile, the estimates in columns 2-10 are derived from MMQR,
aiming to uncover distributional disparities in the influence of natural
resources and employment across the sampled countries. This method
categorizes the data into three quantile groups: the lower quantile
(10th, 25th, and 40th quantiles), the median quantile (50th quantile),
and the upper quantile (60th, 75th, and 90th quantiles).

The research commences by analyzing the coefficient of “Ingdpc”

and its quadratic counterpart, revealing a notable inverted-U

relationship between per capita GDP and the shift towards green
energy in SSA in Tables 6 and 7. This discovery lends credence to the
environmental Kuznets curve (EKC) hypothesis. From a policy per-
spective, it is predicted that the contribution of economic growth to
renewable energy will decline once gdpc reaches the turning point
level. The intricate relationship between economic expansion and the
utilization of clean energy in SSA shows a pattern of economic evolu-
tion entangled with clean energy dynamics. Initially, the expansion of
income drives an increase in clean energy utilization, encouraged by
enhanced prosperity and advancements in infrastructure. However, as
economies progress, a tipping point emerges where the quadratic
nature of growth yields diminishing returns or even hampers green
energy integration. This shift could be attributed to factors like
entrenched infrastructure, vested interests in conventional energy
sources, and bureaucratic inertia. Moreover, as economies mature, the
focus often pivots towards maintaining existing energy facilities rather
than embracing renewable alternatives.

In pursuit of the study's objective, the influence of Innrr on the

transition to green energy exhibits a notably positive trend, as
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observed through both the conventional instrumental GMM approach
and across the entire conditional quantile distribution in Tables 6 and
7, respectively. According to the IV-GMM results in column 1, a 1%
increase in Innrr corresponds to a 0.269% increase in Inren. The
MMQR estimations across columns 2-10 reveal that irrespective of a
country's position within the distribution quantiles, a 1% rise in Innrr
leads to an increase in InRen, with the magnitude varying slightly
across quantiles. Specifically, at the 10th quantile (column 2), the
increase is approximately 0.32%, while at the 90th quintile (column
10), it is about 0.336%. This leads us to reject Hypothesis 1. These
findings indicate that the incremental impacts are relatively more pro-
nounced in the lower percentiles of green energy adoption within
SSA, particularly around the 30th quantile. This observation suggests
that the abundance of natural resources facilitates the production of
renewable energy by providing crucial financial resources. When
effectively managed and redirected into renewable energy initiatives,
technology innovation, environmental conservation, and energy secu-
rity endeavors, these funds can significantly contribute to the transi-
tion towards green energy in SSA. Theoretically, these findings
support the growing empirical repositories and downplay the illustra-
tion of resource curse symptoms in SSA (Nwani et al., 2023) and also
support SDGs 7, 8, and 13. This aligns with the findings of Ahmadov
and van der Borg (2019), Olanrewaju et al. (2019), Han et al. (2023),
and Ma et al. (2023), who argue that the utilization of natural
resources incentivizes the adoption of renewable energy. However,
contrasting perspectives are evident in the research of Shinwari et al.
(2022), which reveals a negative association between natural
resources and renewable energy investment in China.

When examining the effects of Inselfemp and Inwsw on the shift
towards green energy, the empirical analyses yield the following find-
ings. Both the variables “Inselfemp” and “lnwsw” had negligible
impacts on the shift to green energy in the lower quartiles (10th-40th
quantiles). However, the influence of their actions is statistically sig-
nificant, especially in nations in the middle and upper quartiles (50th-
90th quantiles). These employment types undermine the green transi-
tion drive, which could possibly be because these sets of workers may
prioritize immediate financial security and economic stability over

clean energy investments.

421 |
sectors

Result of employment across key economic

Table 7 provides the role of leveraging resources rent and employ-
ment in supporting the green transition in Africa using the instrumen-
tal MMQR. This technique furnishes decision-makers with an
understanding of how resource rent and employment across the key
sectors of the economy impact clean energy growth in the lower, mid-
dle, and upper quantiles. By utilizing the ivqregress algorithm, this
technique efficiently tackles endogeneity concerns that could emerge
owing to factors like variable omission, self-selection, and measure-
ment error. The justification for utilizing this technique is driven by

the concern that employment and natural resources are likely

endogenous, as they may be shaped by unobserved factors like sala-
ries and wages, which could also impact green energy as employed by
Chernozhukov and Hansen (2004).

Natural resource rent is positive and significant across all quan-
tiles of clean energy, aligning with the previously established results.
A unit increase in natural resources strengthens the transition to
renewable energy in this group of developing countries, with a more
pronounced effect observed in countries at the lower end of the dis-
tribution (10th quantile). These results are consistent with the findings
of Yuan et al. (2023), Liu and Lu (2023), and Zhang et al. (2024), indi-
cating a positive association between natural resource rent and
renewable energy. This is plausible given that resource rent can pro-
vide additional funds to the government that can be utilized to sup-
port sustainable energy initiatives. The revenue from these resources
can also be employed to fund incentives or inducements for clean
energy technologies, thereby making them more affordable and
widely accessible. In addition, increased resource rent can propel pol-
icy adjustments towards sustainability as decision-makers strive to
stabilize economic gains with enduring environmental objectives.

The significant positive coefficients of the agriculture and services
sector indicate that employment in these sectors is striding towards a
greener future in SSA, and the benefits of employment in these sec-
tors are greater in high-energy transitioning countries (60th-90th
quantiles). As a result, Hypothesis 2 is rejected. These outcomes,
which align with Zhao and Luo (2017) and Karmaker et al. (2023), are
not surprising given that these sectors appear to be considerably
focused on sustainability and ecological protection. In agriculture, the
desire for sustainable strategies can propel the uptake of green energy
to lessen the dependence on traditional fuels, which are usually not
pro-environment. Relatedly, in the service sector, there is an expand-
ing attention on innovation and clean energy investment, which
results in green energy use.

Finally, the study reveals that employment in the industrial sector
undermines clean energy utilization. Numerous factors account for
this outcome. First, the industrial sector relies considerably on unclean
fuels because of their economic viability and perceived dependability.
This increased reliance on non-renewable energy might deter indus-
tries from exploring sustainable energy sources. Besides, industrial
processes usually entail considerable energy inputs, which are usually
met using traditional fuels that are environmentally unfriendly. In
developing economies, shifting towards clean energy might encounter
obstacles like inadequate incentives and infrastructure, especially in
regions with abundant fossil fuels (Dimnwobi, Onuoha, Uzoechina,
et al., 2023). This outcome does not conform to the outcomes of Zhao
and Luo (2017) and Karmaker et al. (2023).

5 | CONCLUSION AND POLICY
IMPLICATIONS

In recent years, several economies across the globe have been faced
with mounting ecological concerns propelled by the climate crisis and

dependence on unclean fuels for their development trajectories. This
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global concern uniquely manifests across regions, with Africa being
the most vulnerable. Consequently, countries within this region are
shifting their power generation and distribution towards greener and
more eco-friendly sources. This study delved into this transition
within SSA, analyzing panel data spanning from 1991 to 2022 across
44 economies. Its primary aim was to explore how natural resource
rent and employment dynamics influence the adoption of green
energy in the region, employing the MMQR methodology. The study's
key findings indicate a positive relationship between natural resource
rent and the uptake of green energy. However, the impact of employ-
ment types shows that green energy consumption is undermined by
self-employment and wages/salaried workers. Furthermore, the
research highlights the role of employment across different economic
sectors. Employment in the agriculture and services sectors is found
to promote green energy utilization, while employment in the indus-
trial sector impedes renewable energy consumption. Drawing from
these findings, some policy suggestions are put forward to propel the
widespread utilization of green energy in Africa.

e Our study finds that clean energy development in Africa is facili-
tated by natural resource rent. Therefore, decision-makers should
designate some portion of the revenue generated from natural
resources to fund sustainable energy initiatives, ensuring that
these natural assets are directed towards sustainable development
endeavors. Strategies can be established to offer inducements for
private investments in clean energy, utilizing revenues from
resource rents to subsidize initial expenses. Furthermore, account-
able and transparent utilization of revenues from natural resource
is essential to avoid misallocation and guarantee that resources are
efficiently utilized to advance clean energy. Collectively, the exten-
sive application of these suggestions will ensure that natural
resource rent will continue to support clean energy utilization in
Africa.

e We observe that while agriculture and service sector employment
support clean energy transition, industrial sector employment
impedes it. Hence, the priority of the decision-makers in this region
should be on advancing clean energy initiatives within the agricul-
tural and service sectors by providing tailored support and incen-
tives to these sectors and harnessing their enhancing effect on
green energy utilization. In contrast, strategies should be estab-
lished to tackle the various impediments within the industrial sec-
tor undermining clean energy utilization like regulation revisions or
offering transitional assistance to industries that are dependent on
traditional energy sources. Encouraging these industries to
embrace greener solutions via mandates or subsidies could aid in
integrating industrial processes with sustainable energy goals.
Moreover, the development of cross-sectoral tactics is essential to
guarantee green energy transitions, incorporating the strengths of
both the agricultural and service sectors while the impediments
confronting the industrial sector are effectively addressed.

e Lastly, we discover the green energy reduction influence of both
wages/salaried workers and self-employment, indicating that

efforts in tackling the barriers hindering the drive to sustainable

energy are critical. Decision-makers in Africa should establish
actionable strategies to make clean energy less expensive and very
accessible for these employment categories. These strategies could
include low-interest credits, subsidies, and financial inducements
for sustainable technologies. In addition, awareness programs
should be widely enforced to expand the understanding of the
gains derivable from clean energy utilization and enhance uptake
among these categories. Governments in these economies should
also consider incentivizing enterprises in these regions to embrace
clean energy techniques, as this can indirectly benefit individuals in

these categories through their work environments.

We recognize several limitations in this study that suggest ave-
nues for further research. First, due to data limitations, not all nations
in the SSA were included, and the focus remained solely on aggregate
natural resource rent. Future studies should broaden the geographical
scope to encompass more countries and include both aggregate and
disaggregated natural resource data for a more thorough assessment.
Additionally, this study employs panel data from SSA countries to
assess the factors influencing their transition to green energy. How-
ever, the impact of the identified factors on the individual members of
SSA's utilization levels for renewable energy remains uncertain. Con-
ducting country-specific analyses is another area future studies can
explore. Moreover, while this study provides valuable insights from
the standpoint of developing or emerging nations, it overlooks the
determinants of green energy adoption within the context of devel-
oped nations. Consequently, future research endeavors could incorpo-
rate a counterfactual analysis utilizing data from developed nations to
ascertain the robustness and consistency of the findings across
diverse samples encompassing both developing and developed
nations. Lastly, our study faces a limitation related to our methodol-
ogy. While the quantile regression model employed offers valuable
insights into the conditional distribution effects of natural resource
rent and employment dynamics on green energy transition, it does
not provide clarity on the threshold levels of these variables required
to attain specific outcomes in green energy transition. Exploring these
thresholds would constitute a valuable direction for future research
efforts.
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ENDNOTES

1 The use of natural logarithms in variables aids in estimating the parame-
ters of the functional relationship as elasticities, thus aiding in the under-
standing and development of policies.
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2 The IV-GMM approach is justified for addressing endogeneity
(Wang, 2015), handling weak instruments, dealing with complex causal
effects (Bennett et al., 2019), errors-in-variables models, policy analysis,
and panel data analysis (Almeida et al., 2015).
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APPENDIX A: COUNTRIES STUDIED

Angola Ghana
Benin Guinea
Botswana Guinea-Bissau
Burkina Faso Kenya
Burundi Lesotho
Cabo Verde Liberia
Cameroon Madagascar
Central African Republic Malawi
Chad Mali
Comoros Namibia
Congo, Democratic Republic Niger
Congo, Republic Nigeria

Cote d'lvoire Sado Tomé and Principe
Djibouti Senegal

Equatorial Guinea Sierra Leone

Eritrea South Africa

Eswatini Sudan

Ethiopia Tanzania

Gabon Togo

Gambia Uganda

Mozambique Zambia

Rwanda Zimbabwe
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