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The countries in Western Africa have the greatest potential for renewable
energy generation in the world and are likely to be vulnerable to the adverse
effects of climate change. Unfortunately, only a few of them have tapped into
this potential, as non-renewable energy still dominates the total energy mix of
these countries. The present study explores the effect of economic growth,
manufacturing value-added, urbanization, financial development, foreign direct
investment, and renewable energy consumption on the environmental quality
in West African countries by using a sample of some selected countries over the
period 1991-2018. This study is analyzed by adopting the method of Driscoll-
Kraay (DK) panel regression. The panel result suggests that manufacturing
value-added, urbanization, financial development, and foreign direct
investment increase environmental degradation. In addition, the findings of
this study reveal that economic growth and renewable energy consumption
contribute, significantly, to environmental quality. Bidirectional causality exists
between economic growth and CO, emissions and between urbanization and
environmental degradation. Accordingly, in order to improve environmental
quality in these countries, it is imperative to embrace and promote the
consumption of clean energy sources, which will contribute more to the
promotion and adoption of renewables in this strategic region.
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1 Introduction

Rapid urbanization, rising energy consumption in the
manufacturing sector, and high economic growth are all
to the world’s

degraded as a result of rising global warming and climatic

contributing factors environment being
changes. The worldwide community and several research
institutions have attempted to explain the environmental
effects of urbanization, manufacturing activities, the use of
renewable energy sources, as well as economic expansion in
the region of Western Africa, as a solution to this challenge. The
ecological modernization theory contends that when countries
move from low to intermediate stages of development and
prioritize economic expansion over a sustainable environment,
environmental concerns may worsen. However, as countries
prioritize environmental sustainability, the society becomes
the
manufacturing sector and a transition toward a service-based

modernized leading to increased innovation in
economy. Thus, environmental deterioration alleviates, and
environmental sustainability increases.

The urban environmental transition theory, on the other
hand, contends that when civilizations move to manufacturing-
based economies, air pollution rises along with urban prosperity.
With better environmental legislation, financial advancement,
and economic structural change, pollution declines as cities get
affluent. Furthermore, the demand for urban infrastructure and
energy-intensive goods is anticipated to rise in affluent cities,
adding to the environmental burden. The compact city theory, on
the other hand, emphasizes the advantages of urbanization by
making the case that greater urban density enables public
infrastructure to experience economies of scale, which reduces
environmental strain and harm. However, increased urban
density without sufficient urban infrastructure might result in
environmental harm. These theoretical claims imply that
urbanization does indeed have variable environmental impacts
(both positive and negative) at various phases of development,
with the overall impact being difficult to estimate. As a result,
over the past 10 years, empirical research on the relationship
between urbanization and the environment has been conducted.

In recent studies, non- and semi-parametric regression has
been used as a more adaptable estimating framework to avoid
any functional form’s misspecification bias in finding the true
shape of the urbanization-pollution link (Zhu et al., 2012; Xu and
Lin, 2015). For 20 emerging countries, Zhu et al. (2012) found
scant evidence to support the inverted U-shaped link. For the
OECD countries and China, respectively, Xu and Lin (2015)
discover an inverted U-shaped link between urbanization and
CO, emissions. In conclusion, the evidence that is currently
available on the relationship between urbanization and the
environment is contradictory and ambiguous because the
direction and nature of the association rely on the nations
chosen, the data sample, and the estimating method. Studies
on the relationship between urbanization and pollution in Africa
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are still in their infancy. According to Onoja et al. (2014),
urbanization has a small but positive impact on CO,
emissions. Using dynamic heterogeneous panel data models,
Adusah-Poku
Saharan Africa has a beneficial long-term and short-term

(2016) discovers that urbanization in Sub-

impact on CO, emissions.

Based on this background, this study complements the
literature in several ways. Firstly, this study investigates the
impact of urbanization and economic growth on the
environmental quality in six West African countries. Secondly,
this study integrates the manufacturing value-added, renewable
energy use, financial development, and investment into one
framework to probe their impact on African environmental
degradation. No existing research has combined all these
indicators together for environmental policies; thus, this study
makes a unique contribution under the specific background of
Western Africa. Lastly, in order to further investigate the
possibility of a clear urbanization-environment relationship in
the presence of other indicators, this paper uses data from a
sample of six West African countries for the period 1991-2018.
The research is carried out utilizing the Stochastic Impacts by
Regression on Population, Affluence, and Technology
(STIRPAT) model, which has emerged as the standard
analytical framework for assessing the mechanisms driving
anthropogenic environmental change. Additionally, the article
makes use of Driscoll-Kraay’s (DK) panel regression to evaluate
the previously unidentified urbanization-environment link in
West Africa.

2 Literature review

In order to preserve stable growth or development, emerging
nations have strayed from the path toward becoming low-carbon
civilizations (Ali et al., 2019b). There is a close link between
growth, environmental quality, and energy. According to Temiz
Ding and Akdogan (2019), effective management of these factors
is essential for human wellbeing, sustainable development, and
workable policy direction. Because of this, there are numerous
studies that have looked at the connections between the
aforementioned factors and the potential impact of renewable
energy (RE) on environmental sustainability. Saidi et al. (2018)
investigated the relationship between institutional quality, RE,
and economic growth in MENA nations. Abdouli and Hammami
(2017) examined the relationship between non-RE and economic
growth in 17 MENA nations from 1990 to 2012 and came to a
similar conclusion.

According to certain studies, urbanization has a beneficial
impact on CO, emissions (Parikh and Shukla, 1995; Cole and
Neumayer, 2004; Liddle and Lung, 2010; Poumanyvong and
Kaneko, 2010; Ahmed et al. 2019). In this context, York et al.
(2003) discover that urbanization has a beneficial impact on
emissions using the STIRPAT model. For 86 nations between
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1975 and 1998, Cole and Neumayer (2004) discover a positive
correlation between urbanization and CO, emissions. According
to Poumanyvong and Kaneko (2010), there is a positive
correlation between urbanization and CO, emissions for all
income groups (low-, middle-, and high-income countries),
with the middle-income group showing the strongest correlation.

Additionally, there are research works that contradict the
ones described above (please see, Fan et al., 2006; Sharma, 2011;
Sadorsky, 2014). According to Fan et al. (2006), urbanization and
CO, emissions in developing nations are negatively correlated.
Sharma (2011) suggests that urbanization and CO, emissions are
negatively correlated in high-, middle-, and low-income nations.
Sadorsky (2014) examines the relationship between urbanization
and CO, emissions in developing nations and discovers that,
depending on the estimating method, the effect of urbanization is
typically positive but statistically inconsequential. Although the
majority of studies point to a linear relationship between
urbanization and pollution, a non-linear relationship has also
been considered by academics due to a lack of conclusive data.

According to research, increasing energy usage can boost
economic growth. Using the panel VAR approach, Charfeddine
and Kahia et al. (2019) examined the impact of RE use on CO,
emissions in the MENA region from 1980 to 2015. The results
indicated that RE had a negligible impact on CO, emissions.
Gorus and Aslan (2019) evaluated the factors that contributed to
environmental degradation in MENA from 1980 to 2013 in the
same region. It was found that non-RE contributes to the
deterioration of the ecosystem. Jin and Kim (2018) looked
into the factors that affected CO, emissions in 30 nations
between 1990 and 2014. The study found that, in contrast to
RE, nuclear energy increases CO, emissions. Therefore, the
creation of RE is crucial to stopping global warming. In five
MERCOSUR countries, De Souza et al. (2018) investigated the
effects of RE, non-RE consumption, and income on the
environment. Results demonstrated the significance of RE in
reducing CO, emissions. Kahia et al. (2019) found a comparable
outcome for the MENA.

From 1980 to 2012, Hassine and Harrathi (2017) investigated
the relationship between RE use, trade, and economic growth in
the GCC countries. They came to the conclusion that financial
development, exports, and RE can genuinely spark economic
growth. Sinha et al. (2017) looked into the relationship between
energy and the environment in the N-11 nations. The GMM
approach provided evidence that RE slows economic growth
while non-RE has the reverse effect. Given that the N-11 nations
rely on non-RE sources, they explained their findings by pointing
out the expense of putting RE systems in place. Rasoulinezhad
and Saboori (2018) offered evidence from both the FMOLS and
DOLS results that RE reduces CO, emissions, in line with other
comparable studies, but for the case of 12 chosen Commonwealth
States. The same influence on CO, emissions was also exerted by
financial development. In addition, several studies (such as
Shahbaz et al., 2012; Shahbaz et al., 2013; Boutabba, 2014;
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Katircioglu and Taspinar, 2017; Ahmed et al., 2021a; Ahmed
et al. 2021b) support the idea that CO, emissions and financial
development are inversely related, whereas other studies found a
positive correlation (Pao et al, 2011; Pao and Tsai, 2011; Al-
Mulali et al., 2015; Farhani and Ozturk, 2015). Zafar et al. (2019)
disaggregated energy into two main sources and estimated how
each source affects growth in Asia-Pacific nations. The
Continuously Updated FMOLS approach revealed that RE,
R&D, and commerce contribute to growth, while non-RE
sources did not influence growth.

In a study comparable to that of Zafar et al. (2019),
Nathaniel and Theonu (2019) excluded the R&D variable
for the instance of Africa. They discovered that RE does not
make much of a difference in reducing CO, in Africa. Riti and
Shu (2016) between RE
and energy efficiency for an eco-friendly atmosphere in a

investigated the connections

single country scenario. Results confirmed that RE improves
the quality of the environment in Nigeria. Khoshnevis Yazdi
and Ghorchi Beygi (2018) previously looked into how RE
affects CO, emissions in Africa. Findings imply that
lowering CO, emissions, commerce, and RE enhances
(2019a) evaluated the
awareness of different urban neighborhoods in Xiamen

environmental quality. Ali et al.

about RE and energy saving. They found a strong link
between household size, income, and energy consumption.
For the Bangkok metropolitan area, Ali et al. (2018) looked
at the valuation and validation of carbon sources. They
discovered that the urban region occupies more than 60% of
the metropolitan area.

Around the world, manufacturing enterprises are a major
cause of water pollution. The ecosystem was harmed by the
illegal release of hazardous gases, tainted water, heavy metals,
chemicals, and radioactive elements into streams. However,
there is a dearth of literature that examines how the
manufacturing sector affects the environment, particularly
in Africa. To reduce manufacturing-related emissions,
advanced manufacturing enterprises must prioritize
sustainable manufacturing (Khan et al., 2021b). According
to Harun et al. (2013), the environmental impact of
manufacturing is influenced by the product’s design and the
use of materials. Additionally, the manufacturing industry has
used a tremendous amount of energy and resources, which has
had a significant impact on economic growth. It is abundantly
obvious that increased production in an economy and
economic growth depend on a thriving manufacturing
sector. The term “technology effect of globalization” refers
to the new technological concepts and manufacturing
processes that are taken into consideration when economic
expansion stabilizes along with the scale effect. Because of
investments and commerce that don’t contribute to pollution,
this effect lowers CO, emissions.

Another factor to examine in relation to carbon emissions is

financial development. In any civilization, financial development

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1012007

Radoine et al.

TABLE 1 Definition and Data source of variables

Variable Definition

Carbon Emissions
Economic growth
Manufacturing Value-added
Urbanization rate

Financial Development
Foreign direct investment

Renewable energy

has a significant impact on CO, emissions. For instance,
Sadorsky (2011) investigated how monetary enhancements
cover the customer’s approach to the items’ consistency and
strength, which boosted energy use and environmental
emissions. The business community has the chance to
increase money to increase production operations thanks to
financial development. According to Charfeddine and Khediri
(2016), financial development cannot be accurately measured
without taking into account the effects of manufacturing value-
added growth and domestic lending to the private sector, which is
scaled by real GDP as a proxy for measuring financial
development.

The growing interest in the urbanization dynamics on the
African continent has led to emerging studies exploring the
nexus between environmental quality, urbanization, and
economic growth. Despite being scanty, some studies have
concentrated on a single country (Ali et al., 2016) or a panel
of countries on the continent with others elsewhere
(Poumanyvong and Kaneko, 2010; Martinez-Zarzoso and
Maruotti, 2011; Al-mulali et al., 2012) but not a panel of
West African countries altogether. This paper seeks therefore
to fill this gap by investigating the relationship between the
increasing urbanization, economic dynamics, renewable energy
value-added,

development, investment, and CO, emissions concentrating

consumption,  manufacturing financial

on the West African urban cluster.

3 Material and methods

We utilized selected variables namely CO, emissions (CO,),
economic growth (GDP), manufacturing value-added (MVA),
urbanization (URB), financial development (FD), foreign direct
investment inflows (FDI), and renewable energy use (RE). In this
research study, we included six West African countries including
Benin, Ghana, Senegal, Cote d’Ivoire, Togo, and Nigeria. The
United Nations defines Western Africa as 16 countries but we
choose only these six West African countries because they are the
most urbanized and developed in terms of economic growth in
this strategic region. We used annual data from 1991 to 2018.

Frontiers in Environmental Science

CO, emissions per capita between 1991 and 2018

Gross Domestic Product per capita between 1991 and 2018

Manufacturing value-added (% of total GDP) between 1991 and 2018
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Gross Fixed Capital Formation (% of total GDP) between 1991 and 2018

Renewable energy consumption (% of total energy consumption) between 1991 and 2018
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Data source

WDI
WDI
WDI
WDI
WDI
WDI
EIA

Though we intend to use longer and updated data, consistent
balanced data on CO, emissions were only available up to 2018.

The data have been taken from the World Development
Indicators (WDI) (2020), while data on renewable energy have
been collected from International Energy Agency (IEA) website.
This study will pursue the following function to estimate carbon

emissions.

CO2 = f (GDP; MV A; URB; FD; FDI; RE) (1)

In Eq. 1, CO, refers to carbon emissions measured in metric
tons. GDP is per capita gross domestic product, current US
dollars, used as a proxy of economic growth, MVA is
Manufacturing value-added (% of total GDP), URB is
urbanization rate in percentage of the total population, and
FD refers to financial development, which is the % of GDP
and is extended through the proxy “domestic credit issued to the
Private sector”. In addition, FDI is the foreign direct investment
inflows measured in percentage of GDP (see Table 1 and

Manufacturing
value-added

Renewable

Carbon
Energy

Emission

Financial
Development

Foreign
direct
investment

FIGURE 1
Conceptual framework. Source: authors constructed.
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FIGURE 2
CO, emission levels of West African Countries.
TABLE 2 Descriptive Statistics of selected variables.
CO, GDP MVA URB FD FDI RE
Mean 0.33795 1005.7 12.374 41.54 15.387 19.756 0.023867
Median 0.31709 852.4 11.479 41.26 14.410 18.016 0.009004
Maximum 0.68872 3099.0 21.492 56.06 40.163 48.406 0.082960
Minimum 0.06408 238.5 5.661 29.00 3.657 8.253 0.000455
Std. Dev. 0.14368 641.363 4.29328 5.859,573 7.087259 7.41738 0.02692
Observations 168 168 168 168 168 168 168
Figure 1). All the variables in this model are transformed into manufacturing value-added, urbanization rate, financial

logarithm form to avoid sharpness in the data.

LCO, = B, + B, GDPy + B, LMV Ay + P, LURB;, + B, LED;,
+ ﬁStLFDIit + ﬂaLREit + &
@)

In Eq. 2,1represents the number of countries, t shows the quantity
of time, and & is the error term. Further, f3,, 8,, 5, B, Bsand B
are the coefficients of economic growth, manufacturing value-
added, population growth, financial development, foreign direct
investment inflows, and renewable energy use, respectively. The
trends of variables are presented in Figure 2 to Figure 6.

4 Results and discussion

It is imperative to check the descriptive statistics of the panel
data before examining the data series in order to observe the
variability and distribution of the variables. Table 2 summarizes
the sampled data set for the 6 West African countries over the 27-
years time frame (1991-2018) of the variables. It is evident that
on CO, emissions, domestic  product,

average, gross
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development, foreign direct investment, and renewable energy
use in the selected West African countries are 0.33, $1005.7,
12.37, 41.54%, 15.39,19.75, and 0.023%, respectively. The
documented findings show that the maximum of 0.68 CO,
emissions is recorded in Benin and a minimum of 0.06 is
recorded in Nigeria (Figure 2) with an average annual rate of
0.337. GDP ranges from $ 238.5 to $3099.0 with a sample mean
value of $1005.7 (Figure 3). Furthermore, for urbanization, it can
be seen that a maximum of 56.06% urbanization rate is observed
in Ghana and a minimum of 29.00% is observed in Togo
(Figure 4) with an average annual rate of 41.54% for the
whole sample. For financial development, it can be seen that a
maximum of 40.16 is recorded in Togo and a minimum of 3.65 is
recorded in Ghana (Figure 5) with an average annual rate of
15.39 for the panel. For the case of manufacturing value-added, it
can be observed that the sampled economies recorded a
maximum of 2149 in Senegal and a minimum of 5.66 in
Ghana (Figure 6) with an average of 12.37 for the panel.
Concerning renewable energy use, the maximum is 0.083 and
the minimum is 0.00045 with an average annual rate of 0.023.

West African countries are connected to each other due to
manufacturing activities and other economic-related sectors.
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FIGURE 3
GDP levels of West African countries.
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FIGURE 4
Urbanization rate levels of West African countries.
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FIGURE 5
Financial development levels of West African countries.
These associations may lead to cross-sectional reliance among important to check the cross-sectional dependence (CD) issue
the countries. Therefore, as a first step, we tested for cross- before estimating the panel data of Western Africa to produce
sectional dependence or independence in the panel. It is very rigorous results. In this regard, Breusch-Pagan’s LM test and
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Manufacturing value-added levels of West African countries.
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TABLE 3 Cross-sectional dependence (CD) tests.

Variables Breusch-pagan LM Pesaran-scaled LM
L CO, 240.8862*** [0.0000] 41.24100* [0.0000]
LGDP 332.4123** [0.0000] 57.9513** [0.0000]
LMVA 55.1590*** [0.0000] 7.3319°* [0.0000]
LURB 412.6159** [0.0000] 72.5944* [0.000]

LFD 137.969** [0.0000] 22,4510 [0.000]

LEDI 123.3914°* [0.0000] 19.7895** [0.000]

LRE 55.6708*** [0.0000] 7.4254° [0.000]

*** shows 1% significance.

TABLE 4 Unit root results CADF test.

Variable Level First difference
t-bar p-value t-bar p-value

L CO, 2578 0.240 44384+ 0.000
LGDP -1.940 0.835 3.483%%+ 0.001
LMVA -1.926 0.844 -3.408%%* 0.002
LURB -0.509 1.000 40750 0.000
LFD 2374 0.433 -3.730%* 0.000
LFDI 2386 0.420 -3.905%* 0.000
LRE 2542 0.270 -4.480% 0.000

*** denotes 1% significance.

Pesran’s Scaled LM test are used in Table 3. Both of them are
applied for assessing CD and their findings evidenced CD
in data.

In the second step, unlike the conventional unit root tests,
the second-generation test (i.e., CADF test) is applied for unit
root testing. This is critical to apply this method of Pesaran
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TABLE 5 Pedroni cointegration test.

Common AR coef. (Within-dimension)

Model 1 Model 2

Stats. p-values Weighted stats. p-values
Panel v -1.3960 0.9186 -1.6751 0.9530
Panel rho 1.2182 0.8884 1.1753 0.8801
Panel PP -3.5664*** 0.0002 -4.6337** 0.0000
Panel ADF -3.5327* 0.0002 -4.3599** 0.0000
Individual AR coef. (between-dimension)
Group rho 2.1940 0.9859
Group PP -4.8839¢ 0.0000
Group ADF -3.6712%0* 0.0001
*** shows 1% significance.
Trend and deterministic intercept are included.
TABLE 6 Cointegration test Westerlund (2008).

Value p-value

Dh_g -2.241* 0.013
Dh_p -1.698** 0.045

** shows 5% significance.

(2007) since it can reveal the integration level amidst CD
and heterogeneity. The empirical results shown in Table 4
assured that variables in the Western Africa panel are
integrated at 1 (1), so we can check the cointegration
among variables.

After establishing the integration order of the selected
series, we proceed to study the cointegration features by
using the Pedroni test and the Westerlund (2008) test in
the third step of our empirical study. The results of the
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TABLE 7 Long-run Results Driscoll-Kraay (DK) regression.

Variables Coefficients Dk Std.Err p-values
LGDP -0.2507** 0.0920 0.011
LMVA 0.6150** 0.0959 0.000
LURB 20963 05277 0.000
LED 02914 0.07592 0.001
LEDI 0.4660* 0.1283 0.001
LRE -0.0337 0.0366 0366
Constant -4.8189%% 0.7091 0.000

**and *** depcit 5% and 1% significance.

Pedroni test depicted in Table 5 indicate cointegration because
the majority of statistics are significant. Furthermore, the
results of the Westerlund test illustrated in Table 6
disclosed that there is evidence of the long-run association
between CO, as the dependent variable and our selected
which of
cointegration among the series. Thus, we accept the

explanatory  variables, suggests  evidence
alternative hypothesis and reject the null hypothesis of “no
cointegration”.

After finding cointegration among variables, we use the
Driscoll-Kraay (DK) panel regression introduced by Driscoll
and Kraay (1998). The advantages of this method are
appropriate for this panel study, for example, it generates
consistent and effective findings in the presence of CD and the
standard errors generated by this technique are reliable
(Sarkodie 2019). DK

provide the missing values and therefore, is considered

and  Strezov, regression  can

more suitable for wunbalanced and balanced panels.
This method handles the of
dependency and heteroscedasticity datasets
(Rasheed et al., 2022).

The empirical results of our selected West African counties

also problem serial

in panel

panel are presented in Table 7 by using the Driscoll-Kraay
Regression for understanding the impacts of the economic
growth, manufacturing value-added, population growth,
financial development, foreign direct investment inflows, and
renewable energy consumption on CO, emissions. The findings
show that GDP has a negative impact on CO, emissions,
indicating that the economic growth in West Africa plays an
important role in improving environmental quality ie., a 1%
increase in GDP would increase environmental quality by 0.25%.
These empirical results agree with the outcomes of Shahid et al.
(2022) for BRICS (excluding South Africa) from 1997 to 2020,
Odugbesan and Adebayo (2020) for Nigeria, Solarin et al. (2018)
for developing and developed nations, Kirikkaleli and Adebayo
et al. (2021) for the global panel, Awosusi et al. (2022) for
Columbia, Ahmad et al. (2022) for emerging countries, and
Xin et al. (2021) for the United States. This result is plausible
because the increase in growth expands research and
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development, innovation, advanced technologies,
environmental preferences, and environmental regulations,
which mitigate environmental pollution (Ahmed and Wang,
2019).

The coefficient of MVA 1is positive and statistically
significant, this suggests that in the long run, a 1% increase in
MVA in the selected African countries would lead to a 0.615%
increase in CO, emissions when other variables are held
constant. In other words, this positive effect of LMVA on
environmental degradation indicates that MVA contributes
positively to CO, emissions of the selected African countries
in the long run and this is very normal because manufacturing
industries are contributing to pollution across the globe. These
empirical results go in line with the paper of Khan et al. (2021a)
for the United States and Khan et al. (2021b) for thirty-eight IEA
countries. This study also proves that URB affects CO, emissions
positively and reports that a 1% increase in URB would decrease
environmental quality by 2.096% in the long-run. URB is
linked with CO, which that

urbanization upsurges CO,. This result opposes the view that

positively implies rapid
high urbanization is crucial to promoting environmental
sustainability (Ahmad et al., 2021). However, this estimate
goes in line with many studies that describe detrimental
environmental effects of urbanization, for example, Ahmed
et al. (2020a) in China, Ahmed et al. (2020b) in G7.

FD has a positive and significant impact on CO, emissions in
the long run for the selected African countries when other
variables are held constants. These results show that a 1%
increase in FD would decrease environmental quality by
0.291% in the long-run, when other variables are held
constants, conversely to the results shown in the paper of
Rafique et al. (2020) for BRICS. For foreign direct investment,
the coefficient is also positive and statistically significant
suggesting that FDI increases CO, emissions in the long run,
a 1% increase in LFDI leads to a 0.466% increase in CO,
emissions. In contrast, this study also concludes that the RE-
CO, interrelationship is negative, illustrating that a 1% increase
in RE triggers CO, emissions by 0.034% when other variables are
held constants. This indicates that, at a high pollution level, an
improvement in renewable energy use has a significant positive
impact on the quality of the environment. This implies that
renewable energy utilization plays a vital role in mitigating the
emissions level in West Africa Region. These empirical results
agree with the outcomes of Orhan et al. (2021) for India,
Kirikkaleli and Adebayo (2021) for India, Shan et al. (2021)
for highly decentralized economies, and Kirikkaleli and Adebayo
(2020) for the global context. In general, using renewable energy
may become a crucial instrument in reducing CO, emissions as it
lowers carbon footprint and produces negligible CO,. For
example, solar energy produces only 0.2 pounds of CO,
energy per kilowatt-hour (CO,E/kWh) compared to the
burning of natural gas (2 pounds of CO,E/kWh) or coal
(3.6 pounds of CO,E/kWh). In addition, renewable energy
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TABLE 8 Pairwise dumitrescu hurlin causality tests.

W-stat. Zbar-stat. Prob.
LGDP to LCO, 5.6187* 1.7120 0.0869
LCO, to LGDP 10,0977 5.1295 0.0000
LMVA to LCO, 2.0934 -0.9779 03281
L CO, to LMVA 5.5625* 1.6691 0.0951
LURB to L CO, 7.7366°* 33279 0.0009
L CO, to LURB 6.6513** 2.4999 0.0124
LED to LCO, 2.8958 -0.3656 0.7147
LCO, to LED 16.0572 9.6767 0.0000
LEDI to LCO, 3.6686 02240 0.8228
LCO, to LFDI 5.7551* 1.8161 0.0694
LRE to LCO, 39144 04116 0.6806
LCO, to LRE 5.93653* 1.9545 0.0506

w6, % and * show 1%, 5%, and 10% significance.

deployment may reduce the energy intensity of GDP and
create more jobs in non-carbon intense industries in the
continent.

The causality method of Dumitrescu and Hurlin (2012) is
also adopted for estimating the flow of causality between CO,
and each regressor. This test is also appropriate during cross-
sectional dependence and heterogeneity. As can be seen in
Table 8, there is evidence of a bidirectional linkage between
GDP and CO, and also between Urbanization and CO, which
indicates that an improvement in GDP development and the
rate of urbanization can impact environmental quality in West
Africa. The feedback effects exist between carbon emission
and manufacturing value-added. Further, unidirectional
emissions to financial
to FDI,

causality runs from carbon

development, carbon emissions and carbon

emissions to renewable energy use.

5 Conclusion and policy implications
5.1 Conclusion

The study has examined the relationship between CO,
emissions, economic growth, manufacturing value-added,
urbanization, financial development, FDI, and renewable
energy consumption for a sample of six West African
countries. The study demonstrates that the manufacturing
value-added, urbanization, financial development, and FDI
contribute significantly to the increase of CO, in Western
Africa. On the other hand, economic growth and renewable
energy consumption reduce the environmental degradation in
this region. The empirical results also indicate that in these
selected African countries, there is a bidirectional relationship
between economic growth and CO, emissions. Further
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analysis shows that a bidirectional causal relationship exists
between urbanization and CO, emissions.

5.2 Policy implication

Our results offer several policy implications to reduce
environmental pollution in the Western Africa region. To
ensure sustainable urbanization and energy consumption in
Western Africa, there is a need to put in place an urban
development policy that will accommodate the rate of
urbanization, and an energy policy that will ensure the
sustainability of the energy consumption in the long-run.
Furthermore, there is a need for the West African countries to
transform their industries into a green economy, which is the best
way to combat the environmental challenges emanating from
economic growth. In the manufacturing process, sustainability
refers to the creation of products that are produced in an
economically sensible way. These products are created in an
environmentally conscious way, as well as in the most efficient
manner. This method of production supports the safety of
employees, communities, and products. Thus, the focus
should be on innovation-driven sustainable industrialization.
The countries in West Africa should enforce their rules and
regulations regarding the conservation of the environment so
that environmental health is more emphasized. Finally, to
achieve urbanization sustainability in West African countries,
effective energy, economic, and environmental policies are
required to guide the rate of urbanization development in
those countries without compromising economic growth and
to ensure a decrease in CO, emissions to achieve better
environmental quality. The policymakers in urban planning in
West Africa should aim at reducing the urbanization level by
practicing effective land use to encourage green and intelligent
urbanization, which will to some extent ameliorate the influence
of urbanization on environmental degradation.
the
environmental literature, particularly in Western Africa, it has

Despite study’s  considerable contribution to
several drawbacks. These drawbacks stem from the study’s
utilization of only six parameters. Future research may
incorporate more parameters and investigate their impact on
various environmental metrics. Also, upcoming research should
this the

Environmental Kuznets curve. Given the unavailable datasets,

scrutinize connection in framework of the

it would be desirable to address these constraints in future
studies.
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