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1 | INTRODUCTION

Abstract

Environmental degradation and climate change problems in the African continent
seriously hit country economies and human health, negatively affecting the achieve-
ment of the Sustainable Development Goals (SDGs). African countries have the
potential to use economic development and renewable energy as a tool for their
environmental sustainability. In this context, this study examines the effects of eco-
nomic growth, modern renewable energy, and combustible renewable energy on eco-
logical footprint (EF) in five African countries. To this end, the study uses novel
regularization common correlated effects and half-panel jackknife approaches on
data from 2006 to 2020. The findings of the study show that economic progress
effectively reduces the EF of African countries, but renewable energy does not con-
tribute to ecological progress. Due to their insufficient and ineffective utilization,
renewable energies are not an important tool for improving ecological systems.
Therefore, African countries should prioritize their economic development as a prior-
ity goal. Based on the results, African countries experiencing economic advancement
should bolster for SDGs objectives through green financial incentives.
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societies are forced to base their economic progress on fossil

fuels in the first phase, which leads to heavy carbon pollution.

The Sustainable Development Goals (SDGs), established in 2015 with
17 targets, are important issues that provide a roadmap for economic,
environmental and cultural development. The SDGs shed light on how
countries can be transformed into a green economy without harming
the environment and compromising economic growth. Countries have
recently shaped their policy agendas in line with the SDGs. Under the
SDGs, countries are trying to provide environmental benefits to their
society by shaping their energy and environmental policies.

Energy is an indispensable production factor for the economy

and the production process of societies (Stern, 1997). However,

Fossil fuels are responsible for 70% of global greenhouse gas
emissions, and the intensive use of these types of energy leads to
ecological degradation and habitat destruction (Ullah et al., 2024).
To avoid carbon (CO,) emissions, the use of fossil fuels must be
minimized, but since fossil fuels are a major factor of production
and cheap, societies are unwilling to do so. In fact, China and
India were found to have weakened their coal pledges at COP26
(Rajmil et al., 2023). The fact that China and India, which have the
largest populations in the world and are among the top five econ-

omies in terms of GDP (Investopedia, 2023), are not give up fossil
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fuels also has implications for the stance of other developing
countries.

African societies in the developing country category are still at
the beginning of their economic development and their dependence
on fossil fuels is quite high. In addition, African countries have created
enormous environmental pressures in their ecological areas, which
can be highlighted with the ecological footprint (EF). The progress of
the EF and the biocapacity of African countries between 2006 and
2020 is presented in Figure 1.

Cameroon's EF is low in relation to its biocapacity, and the envi-
ronmental conditions are sustainable. However, Cameroon's EF and
biocapacity have gradually declined over the 15-year period, showing
that the environmental situation is worsening. In Kenya, Senegal,
South Africa and Tanzania, the EF value is significantly higher than the
biocapacity. The EF as global hectare area (gha) proposed by Wacker-
nagel and Rees (1997), reflects the pressure of humans on air and
water surfaces and the carbon footprint caused by them. Biocapacity
versus EF indicates the ability of natural resources to absorb man-
made pollution. According to Figure 1, African countries have serious
problems with ecological sustainability and solutions should be found
to address these problems. To mitigate ecological issues related
energy, countries can change energy mix in electricity generation on
the African continent.

Figure 2 shows the share of REN and fossil fuels in the electricity
generation of African countries in 2020. Cameroon and Kenya mainly
produce REN electricity, while in Senegal, South Africa and Tanzania,
the use of fossil fuels predominates. According to IRENA (2024) data,
South Africa ranks 52nd, Kenya 71st, Cameroon 90th, Tanzania 97th
and Senegal 121st among the 224 most REN producer countries in
2021. Even the total energy production and thus the energy con-
sumption of the five African countries is not as high as that of

Argentina or Peru. The low and ineffective use of REN could be one
reason why African countries have not achieved the desired success
in the SDGs.

Although some countries have achieved success in realizing the
SDGs, there are specific challenges to the SDGs in African countries,
and these countries are vulnerable due to conflicts (United
Nations, 2015). Unlike other continents, Africa has difficulties in the
socio-economic development process due to issues such as demo-
graphic problems, refugee migration, income disproportions and over-
consumption (Bartniczak & Raszkowski, 2018). Indeed, the Africa
Agenda 2063, which was put on the agenda in 2013 before the SDGs,
reflects the African government's strategy, aspirations for sustainable
development and inclusive growth (Royo et al., 2022). The seventh
aim of the Agenda 2063 goals reflects environmental sustainability
and climate change resilient economies, and the sixth reflects the blue
ocean economy (African Union, 2024). However, African countries are
lagging far behind in achieving these goals in the areas of energy and
environment.

Achieving the SDGs has been at the center of many African coun-
tries' recent policies, and in this context, energy is an important indica-
tor of sustainable development (Bugaje, 2006). Africa's energy
situation needs to be supported wisely because energy is needed
directly or indirectly to achieve efforts such as SDG 1.3 Social Protec-
tion and SDG 13 Climate Action (Mugagga & Nabaasa, 2016). By turn-
ing to REN resources, African communities can protect their
economies from rising imported fuel prices and reduce environmental
damage (Aliyu et al., 2018). The promotion of REN is important for
the African continent because African countries cannot meet their
own energy needs and many African countries do not have adequate
access to electricity (Ibrahim et al., 2021). Since RENs are local

resources that do not cause carbon emissions, are clean and do not
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cause local damage, they contribute to the achievement of the SDGs,
but countries utilization of RENs by African countries is insufficient
(Schwerhoff & Sy, 2017). African countries suffer from environmental
problems in the form of deforestation, overfishing and lack of clean
drinking water, and the majority of African countries cannot achieve
CO,, reduction (Omisore, 2018). African countries are struggling to
achieve the SDGs because 2/3 of underdeveloped countries are Afri-
can countries and these countries have serious problems such as war,
drought, corruption and funding shortages (Aust et al., 2020). The
SDGs are universal and inclusive, but African countries have long
neglected the environment in relation to development
(Omisore, 2018).

Progress in the field of REN is an ecological necessity for the Afri-
can continent, but Africa has not been successful in this regard. This
study therefore examines whether REN in African countries contrib-
utes to the environment and whether economic progress is an eco-
friendly element. Grossman and Krueger (1991) noted that economic
progress can initially accelerate environmental degradation through
the scale effect, but on the contrary, it can contribute to the reduction
of environmental pollutants through the technique effect. The recip-
rocal effect of economic development on the environment has led to
disagreement among researchers, and many studies have examined
the relationship between economic development and ecological deg-
radation with linear modeling (see, for example, Aytun et al., 2024),
and some researchers have focused on African countries (Obuobi
et al,, 2022; Onifade, 2023; Saba et al., 2023). African countries con-
tinue to use large amounts of fossil fuels in their economic develop-
ment processes, leading to environmental problems.

Over the last two decades, issues about environmental sustain-
ability have changed and researchers have developed new empirical
methods for analyzing the SDGs (Ramzan et al., 2023). In this regard,
this study aims to analyze the impact of fossil fuel use, REN and GDP
growth on EF in five South African countries using a different per-
spective and novel econometric methods. Following You and Kaki-
naka (2022), this study is the first to analyze the environmental
impacts of modern (solar, wind & hydropower) and combustible (bio-
mass) REN and waste separately for African countries. The environ-

mental impacts of sub-types of REN can be different, and accordingly,

Kenya Senegal

South Africa Tanzania

different SDG-related environmental policies can be recommended
for Africa. For this reason, the fact that the study takes a disaggre-
gated energy approach is an important contribution to existing knowl-
edge. Another contribution of the study to the literature is the novel
panel data approaches it uses. The study applies novel regularization
common correlated effects (rCCE) and half-panel jackknife (HPJ)
approaches to analyze the determinants of EF in African countries.
These approaches eliminate cross-sectional dependence (CSD), pre-
diction bias and small-observation deviations. By using HPJ and rCCE,
the study also makes a methodological contribution to the discussion
in the field of environmental economics.

The roadmap of the five-part study is as follows: The second part
provides a literature review on South Africa and the REN. The third
part introduces the data and the empirical approach. The fourth part
discusses the findings specifically for Africa, and the final part con-
cludes the study.

2 | RELATED LITERATURE

2.1 | Economic progress and environment nexus

The environmental problems of African countries have long been dis-
cussed among researchers and have been the subject of empirical
studies. Although those who use linear modeling in these studies gen-
erally claim that GDP growth causes environmental damage, there are
other findings in the literature. Apergis et al. (2018) noted that a rise
in GDP accelerates EF in 42 African countries. Nathaniel et al. (2019)
found that GDP growth accelerates the EF in South Africa. Ekeocha
(2021) noted the GDP growth has a U-shaped link with the EF in
47 African countries. Saint Akadiri et al. (2019) concluded that GDP
growth stimulates EF in South Africa. Njoh (2021) revealed that REN
mitigates CO,, while an augment in GDP increases ecological pollu-
tion in 53 African countries. lheonu et al. (2021) reported same finding
with Njoh (2021) for 34 African nations. Obuobi et al. (2022) reported
that GDP growth upsurges the EF, while REN demand mitigates eco-
logical pollution in 11 African countries. Onifade (2023) showed that
REN consumption mitigates EF, while GDP accelerates ecological
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issues in 10 African countries. Saba et al. (2023) reported that REN
electricity output and REN consumption help to CO, reduction, while
GDP growth upsurges ecological degradation in 51 African countries.
In contrast to the general findings, Zubair et al. (2020) stated that
GDP growth supports CO, reduction for Nigeria.

2.2 | Disaggregated renewables
and environment nexus

The impact of REN on the environment (Abid et al., 2022; Adebayo &
Ullah, 2024; Erdogan et al., 2020; Li et al., 2022; Ullah et al., 2023; Zhen
et al,, 2023) and on the economy (Berradia et al., 2023; Dabboussi &
Abid, 2022; Wang et al., 2022; Zabat et al., 2022) has been analyzed by
many researchers, but due to data limitations, researchers have recently
focused on disaggregated REN. Ensuring the decarbonization of the
energy structure is a crucial element and pivotal strategy in addressing
the issue of global warming and attaining SDGs. REN assumes a signifi-
cant part in the attainment of energy decarbonization, as well as
enhancement of energy security, and mitigation of the environmental
consequences associated with fossil fuels. Karlilar Pata and Balcilar
(2024) provide evidence that a progressive transition away from depen-
dence on fossil fuels can be attained by the widespread implementation
of clean energy technologies, including hydropower, solar power, and
wind power.

Tiba and Belaid (2021) find that REN increases ecological sustain-
ability in 25 African economies. Namahoro et al. (2021) observe that
REN usage contributes to the mitigation of emissions in African coun-
tries. Djellouli et al. (2022) show that REN technologies reduces the
climate change risk in 20 African countries. Guo et al. (2023) demon-
strate that the utilization of REN is ineffective in attaining sustainable
development in 28 sub-Sahara African countries. Likewise, Nathaniel
and Iheonu (2019) find the same result for 19 African countries. In the
Nigerian economy, Somoye et al. (2024) show that lower quantiles of
REN have an inhibitory effect on CO, emissions, whereas higher
quantiles of REN have a favorable effect.

2.2.1 | Modern renewables

Modern renewables, such as solar, wind, and hydropower, are charac-
terized by their lack of GhG emissions and minimal environmental
impact. Further, they play a crucial role in the reversal of environmen-
tal degradation and the mitigation of potential environmental hazards.
For instance, Hussain et al. (2023) observe that wind and solar energy
generation reduces ecosystem by decreasing EF in 43 countries.
Namahoro et al. (2023) point out that wind power has a significant
role in promoting ecological sustainability in 41 countries. Xiaosan
et al. (2021) find that hydropower helps improve China's ecological
system. Emir and Karlilar (2023) show that hydropower is ineffective
in attaining environmental sustainability in Turkey. Pata, Yurtkuran,
et al. (2023) also obtain the similar findings for Turkey. Long et al.
(2023) prove that wind power has a direct impact on lowering global

warming levels. Wang et al. (2023) analyze comparative effectiveness
of wind, solar, and hydro energy in emitting reductions. Wind power
demonstrates the highest efficacy, followed by solar and hydropower.
Waris et al. (2023) reveal that solar and biofuel help maintain natural
ecosystem. In their study of the top five oil-importing countries, Pata
and Kartal (2024) find that wind power has an increasing effect on
environmental health, whereas solar power has an ineffective

function.

222 | Combustible renewables and environment
Combustible renewables and waste materials function as viable alter-
natives to fossil fuels, hence mitigating reliance on such resources. In
addition, it is important to note that these alternatives also contribute
to alleviating the burden on natural resources. Recently, there is a
growing body of literature regarding the environmental impact of
combustible renewable energy sources and waste materials. However,
the ongoing discussion regarding their potential benefits and draw-
backs remains unresolved.

Jebli and Belloumi (2017) note that the use of combustible renew-
ables and waste materials (CRW) leads to a substantial increase in emis-
sions in Tunisia. Ali et al. (2021) reveal a bidirectional causal linkage of
CRW and CO, emissions in 13 selected EU countries. Eweade et al.
(2024) demonstrate the effectiveness of CRW in mitigating environmen-
tal contamination through the reduction of EF in the United Kingdom.
Kim et al. (2020) show that biomass energy (BIO) is an effective instru-
ment for improving natural systems in the United States (US). Zafar et al.
(2021) show that BIO causes ecological problems in APEC countries. In
the case of 10 biomass consuming economies, Liu et al. (2022) discover
that biomass-based renewables contribute to enhancing ecological qual-
ity. Xin et al. (2023) highlight the ecological degradation caused by BIO
in the top 10 biomass-consuming economies. Nguea and Fotio (2024)
demonstrate the role of BIO in exacerbating environmental degradation
in 31 African countries. Pata et al. (2024) find a bidirectional causal con-
nection of BIO and load capacity factor in the US.

2.3 | Fossil fuels and environment

Despite there has been a gradual rise in the adoption of clean energy,
the majority of the world's energy demands are still fulfilled by fossil
fuel technologies. Numerous nations rely on conventional fossil
energy technologies to enhance their economies owing to its cost-
effectiveness, widespread availability, and capacity to rapidly bolster
economic expansion (Wang et al., 2023). Nevertheless, the burning
fossil fuels results in the release of CO,, which is a prominent compo-
nent of GhG, hence disrupting the stability of the climate system.
Extensive research has been conducted in this domain (Adebayo et al.,
2023; Ali & Seraj, 2022; Aslan et al., 2024; Eweade et al., 2023; Pata,
Erdogan, & Ozkan, 2023; Usman et al., 2023) and the overall consen-
sus from these studies is that fossil fuel technologies have a detrimen-
tal impact on the environment due to their emission of GhG. With
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regard to African countries context, Khan et al. (2023) observe that
fossil fuels contribute to ecological pollution in 41 sub-Saharan coun-
tries. In the context of Kenya, Voumik et al. (2023) show the harmful
impact of fossil fuels on environmental contamination but its impact is
insignificant. Bekun (2024) document that fossil fuels are a significant
source of ecological contamination in South Africa.

24 | The literature gaps

Upon conducting a comprehensive evaluation of the related literature,
it is shown that numerous studies have been conducted to investigate
the impact of RE sources on the environment across various African
nations. However, prior research on modern and combustible renew-
able energy sources has hardly focused their attention towards African
countries. Furthermore, the extent of available data regarding renew-
ables in these nations was restricted to specific energy categories and a
restricted range of industries, hence lacking a comprehensive examina-
tion of the environmental footprint trends. Accordingly, this study is a
first pioneering effort in examining the impact of disaggregated RE on
the ecological footprint within selected African countries. In particular,
this study categorizes renewables as modern and combustible, and then
analyzes the impact of each category on emissions separately. From
this standpoint, the empirical results of the research provide valuable
policy implications for African countries in accordance with the SDG-7,
which emphasizes the significance of modern renewables.

3 | DATA, MODEL AND METHODOLOGY

3.1 | Dataand model

The study examines the impact of fossil fuels, modern REN and com-
bustible REN on EF for five African countries for the period 1980-
2018. The study includes 75 observations on a panel basis for each
variable due to limited REN data for African countries. REN resources
theoretically have the potential to minimize environmental degrada-
tion (Abid et al., 2022). Previous studies have used REN as a factor in
the EF for African countries, including net electricity generation (Shen
et al., 2024), consumption (Njoh, 2021; Onifade, 2023), demand
(Obuobi et al., 2022) and share in the total energy mix (Espoir
et al., 2024). In other words, previous studies conducted in Africa con-
sidered different types of the total REN. You and Kakinaka (2022)
suggested analyzing the environmental impacts of modern and tradi-
tional REN separately. In this study, the effects of modern and com-

bustible REN on EF for Africa are examined using Equation (1).

INEF; = o + 1 INGDP; + 9, INFOS; + o3 INMREN; + 04 In CREN; + ..
(1)

In the study, all variables are used in logarithmic form to calculate
the elasticities. Table 1 shows the symbols, measures and source defi-

nitions of these variables.

Development *

Before analyzing the impact of the explanatory variables collected
from two different sources on EF, the descriptive statistics are exam-
ined in Table 2.

GDP is the variable with the highest mean and maximum value.
All variables comprise a total of 75 observations, with time = 15 and
cross-section = 5. Skewness values close to O and kurtosis values
close to 2 indicate that the series has a normal distribution. Fossil

fuels are the most volatile variable.

3.2 | Methodology

This study follows a five-stage empirical strategy, which is illustrated
in Figure 3. In the first stage, the study uses the weak CD test by
Pesaran (2015) and the CDw + test by Fan et al. (2015) to test CSD.
The null hypothesis of these tests shows that there is no pass-through
of shocks among the countries in the analyzed panel, and the alterna-
tive hypothesis implies that CSD is present in the panel data.

In the second stage, the study applies the cross sectionally aug-
mented Dickey-Fuller (CADF) unit root test by Pesaran (2007). The
CADF approach takes into account the CSD and can be modeled by
Equation (2).

h
AMREN;; = a;+ p;MREN;;_1 +MREN: 1 + > 9;AMREN;_1  (2)
j=0

h
+ ) OjMREN;_1 + Wi,
=0

where p; is the coefficient from which the t statistics are measured to
investigate the stationarity. If the calculated CADF test statistic is
greater than the Pesaran (2007) table value in absolute value, it
implies the rejection of the null hypothesis and the stationarity of the
series.

The third stage is the cointegration analysis and the study uses
Westerlund's (2008) Durbin-Hausman (DH) approach for this. The DH
cointegration test considers the CSD and includes two test statistics:
DHgroup and DHpanei. Equations (3) and (4) show the modeling for the
DHgroup and DHpane test statistics.

~2
Uit-1)» (3)

M-

N
Dngoup = Zg\i(sli *821‘)2
i=1 t

Il
N

Mﬂ
S

N
DHpaneI *Sn 8il _82 2 Z
i=1

Il
N

where 8, and 84 show individual and pooled instrumental variable
coefficients, respectively. The absence of cointegration is analyzed as
9;=1foralll=1,..5.

The fourth stage comprises the application of the rCCE approach
by Juodis (2022). The rCCE approach is derived from the CCE method
of Pesaran (2006) by eliminating the deviations caused by too many

cross sections. Equation (5) models the CCE approach.
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TABLE 1 Definitions of the series.
Series Symbol
Ecological footprint EF
Gross domestic product GDP
Non-renewable energy FOS
Modern renewable energy MREN
Combustible renewables and waste CREN

Abbreviations: EIA, US Energy Information Agency database; GFN, Global Footprint Network; WDI: World Development Indicators.

TABLE 2 Descriptive statistics.

InEF InGDP
Mean 0.713 7.413
Std. Dev. 0.477 0.682
Maximum —0.020 6.550
Minimum 1.391 8.742
Skewness —0.261 1.189
Kurtosis 1.363 2,937
Observations 75 75

CADF Unit
( root

°
—

CSD Check

Inyie = Bi + 9iInxit + 6 InVi; + p; InXit + Cif ¢ + Zit, (5)

where 9; illustrates the measured parameter coefficients and f; shows
the unobserved common factor. Juodis (2022) modifies the CCE to
include unproximated factors using singular value decomposition and
thus provides robust elasticity estimates with rCCE.

In the fifth step, the HPJ estimator and the causality approach of
Juodis et al. (2021) is employed for robustness check. The HPJ
approach provides strong size and power characteristics by applying a
bias correction to the estimators (Nwani et al., 2023). Equation (6) is

used in the application of the HPJ test.

P Q
Vie=doi+ Y bpiYiep+ Y SaiXit—a+ Vit (6)
p=1 q=1
Juodis et al. (2021) revise the causality parameter & as in

Equation (7) to avoid the Nickel bias problem.

Measurements Source
Global hectares per capita GFN
Per capita, constant 2015 US$ WDI
Electricity generation from oil, gas, and coal sources WDI
(percentage of total)
Electricity generation from hydro, geothermal, solar, EIA
wind, tide and wave (billion kWh)
Combustible renewables and waste (percentage of WDI
total energy)
InFOS INMREN INnCREN
1.763 1.530 4.652
1.872 1.205 0.806
—0.693 -2.120 1.945
5.451 2.965 6.466
1.307 —0.705 -0.145
3.030 3.509 3.105
75 75 75
FIGURE 3 Empirical
flowchart.
rCCE
estimation
Robustness
check with
novel HPJ
~ ~ 1/~ ~ ~ ~ 1/~ ~
5:2575(5%+5%):5+ <5f§(5%+5%)>. (7)

HPJ approach tests the null hypothesis that there is no causality

from x;; to yi; as Hp:4,

between x and y by calculating elasticities in the last stage.

4 | EMPIRICAL RESULTS

i=0, and also estimates the interaction

The study first reports the results of the CSD analysis in Table 3.
When the CD and CDw + test statistics are analyzed as a whole, the
null hypothesis that there is no CSD in the panel data is rejected. In
other words, the negative impact of a political crisis, conflict, eco-
nomic depression or natural disaster in one African country may affect
another African country.

In a second step, the results of the unit root test are presented in
Table 4. The results of the CADF test show that all series are I(1) and
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TABLE 3 Cross-sectional dependence check.

Variable CD p value CDw+ p value
InEF 10.03 .000 33.28 .000
InGDP 8.67 .000 -2.13 .033
InFOS —0.63 .526 25.45 .000
INMREN 0.95 .345 25.93 .000
InCREN 0.58 564 11.29 .000

TABLE 4 CADF unit root.

Variable Test statistics p value Decision
InEF —1.496 .670 1(2)
INAEF —3.037* .003

InGDP -2.075 227 (1)
INnAGDP —2.601** .034

InFOS —1.966 .300 (1)
INAFOS —3.703* .000

INMREN —-1.513 .657 1(2)
INAMREN —2.864* .009

INCREN —1.368 .758 (1)
INACREN —4.271* .000

Note: * and ** denote significance at 1% and 5% levels, respectively.

TABLE 5 DH cointegration.

Variable Test statistic p value Cointegration
DHpaneI *1-864** 0.031 v
DHgroup —1.787** 0.039 v

Note: ** denotes significance at 5% level.

TABLE 6 Regularization common correlated effects estimation.

Variable Coefficient Standard error p value
InGDP —0.640*** 0.377 .090
InFOS 0.227** 0.099 .022
INnMREN 0.033 0.109 .760
INCREN 0.001 0.0320 .981

Note: ** and *** denote significance at 5% and 10% levels, respectively.

TABLE 7 Half-panel jackknife estimation and causality.

therefore the cointegration relationships between EF, GDP, FOS,
MREN and CREN can be examined using a second-generation panel
data approach.

To analyze the long-term relationships, the study applies the DH
panel cointegration approach and reports the results in Table 5. The
DH test statistics indicate the existence of a strong long-term interac-
tion between the series.

After confirming the existence of cointegration, the study calcu-
lates long-term elasticities using the novel rCCE approach and reports
them in Table 6. A 1% increase in GDP reduces EF by 0.64. Con-
versely, a 1% increase in FOS increases EF by 0.22. MREN and CREN
have no statistically significant effect on EF.

The study checks the reliability of the rCCE results with the HPJ
approach and presents the results in Table 7. The HPJ results indicate
a unidirectional causality from GDP and FOS to EF. However, there is
no causal relationship between MREN and CREN and EF. The results
of the elasticity calculation are consistent with rCCE. A 1% upsurge in
GDP reduces EF by 0.28. In contrast, a 1% augment in fossil fuels
increases EF by 0.21.

The main findings of the study are summarized in Figure 4. The
findings suggest that the harmful effects of fossil fuels for the African
continent can be minimized by GDP growth, but the REN is not yet
sufficient to reduce the EF.

The view that GDP brings environmental benefits contrasts with
the findings of Apergis et al. (2018), Saint Akadiri et al. (2019), Obuobi
et al. (2022), and Saba et al. (2023). The green role of GDP for Africa
supports the outcomes of Zubair et al. (2020). African countries need
financial resources to invest in REN energy, disseminate environmen-
tal awareness programs, develop eco-friendly technologies and mini-
mize water pollution through purification. In order to better transfer
financial resources to African countries, the development of the coun-
tries' economies and financial infrastructures is essential. To achieve
this, GDP growth must be at the top of the African political agenda.
Africa's GDP growth can help achieve the SDGs by bringing economic
and environmental benefits at the same time.

The results of HPJ and rCCE indicate that MREN and CREN did
not reduce EF in five African countries. These findings are inconsis-
tent with Njoh (2021), and lheonu et al. (2021) who noted that
REN provides environmental benefits for Africa, Onifade (2023), and
Saba et al. (2023). The reason why disaggregated REN does not
reduce EF in Africa could be the ineffective and underutilization of
REN resources. Pata (2018), Pata and Caglar (2021), and Pata and

Lag Wald test
InGDP » InEF 1 4.026**
InFOS » InEF 1 3.108***
INMREN » InEF 1 1.692
INCREN + InEF 1 0.652

Note: ** and *** denote significance at 5% and 10% levels, respectively.

p value Coefficient p value
.048 —0.281** .045
.077 0.214*** .078
192 0.018 193
419 0.007 419
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FIGURE 4 Visual summary of the outcomes.

Samour (2022) stated that REN energy does not reduce CO, due to
ineffective utilization in Turkey, China and France, respectively.
Modern REN usage, especially in African countries, is much lower
than in these three countries. Moreover, the development of REN
technologies in Africa is far behind other continents. Based on this
discussion, Africa must first complete its economic development and
then make a breakthrough in the REN field.

5 | CONCLUSION AND POLICY CAVEATS

51 | Conclusion

This study analyzes the comparative impact of fossil fuels, modern
REN, and combustible REN on EF using the rCCE and HPJ
approaches. To this end, the study uses panel data from five African
countries. The empirical results obtained from the from the rCCE
method show that GDP has a favorable impact on environmental
damage, while fossil fuels have a destructive impact on the EF. The
empirical results further reveal that modern REN and combustible
REN have no impact on the ecological system. Based on these find-
ings, the study offers REN and GDP-based environmental policy rec-
ommendations for the achievement of the SDGs in the African region.

5.2 | Policy caveats

The positive impact of the GDP suggests that when the economic
levels of African nations increase, they may have a greater under-
standing of the significance of clean energy technology and strategi-
cally allocate resources towards their investment. Hence, it is
important for African nations to prioritize the attainment of sustain-
able development through the enhancement of their financial
stability.

The negative impact of FOS suggests that the energy structures
of the African countries under investigation are predominantly reliant
on fossil fuel, and the extensive usage of these resources is associated
with adverse environmental consequences. The use of fossil fuel in

electrical energy production is over 50% in three of the five African

countries analyzed (Our World in Data, 2024). However, a significant
part of the African continent does not have easy access to electricity
and the risk to energy security is greatest in this region. In this con-
text, the African community should channel the income gains from its
economic expansion into alternative sources of energy and ensure
technological and efficient advances to utilize these resources cheaply
and effectively.

The results also suggest that REN sources are not effective in mit-
igating environmental degradation. This implies that the current level
of modern REN and combustible REN in African countries is not suffi-
cient to improve ecological conditions. It can be inferred that the cur-
rent level of income in African countries is not sufficient to support
investments in REN due to their substantial initial costs. African coun-
tries should therefore give priority to raising their level of economic
development first. They can achieve both development and environ-
mental sustainability by investing in clean energy resources while
increasing their income levels and working towards this goal.

Despite the benefits of REN in promoting sustainable develop-
ment in African countries, most governments have failed to attract
the necessary investments and lack a solid political commitment to
promoting REN sources. Moreover, the deployment of REN in African
countries is hindered by various problems, such as lack of financial
resources, inadequate institutional frameworks and infrastructure,
insufficient REN legislation, and a shortage of skilled labor. Therefore,
first, the establishment and implementation of stable economic poli-
cies should be the top priority of African governments in order to
achieve long-term economic stability. Second, cooperation between
the public and private sectors can effectively combat climate change
by creating financial incentives for investment in REN initiatives.
Third, the governments of African countries can promote collabora-
tion among stakeholders to drive the advancement of REN. This can
be achieved by creating the necessary infrastructure, technologies,
and an enabling environment that encourages investors in the energy
sector to actively drive the development of REN sources. Fourth, gov-
ernments can facilitate investment in clean energy by introducing tax
exemptions and providing tax incentives. Finally, governments can
implement disincentive policies by imposing stringent taxation on
companies that rely heavily on fossil fuels as their main source of

energy.

5.3 | Limitations and future directions

This study has some limitations. The primary limitation of this study
was the difficulty in collecting data on modern REN and combustible
REN within the African context. Future research can therefore exam-
ine modern REN and combustible REN for developing countries,
industrialized countries, or different sets of countries, including
European countries, the OECD, and BRICS. Second, future research
can expand the scope of this study by incorporating more African
economies. Third, future research can examine the ecological conse-
quences of various factors, such as institutional quality, financial
development, and digitalization, in African nations. Fourth, the study
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considers environmental assessment only in terms of human demand
for natural resources, taking EF into account. Future studies can ana-
lyze the ecological effects of MREN and CREN by examining the load
capacity factor. In this way, the environmental impacts of MREN and
CREN for Africa and other continents can be assessed simultaneously
in terms of supply and demand for natural resources.
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