Peertechz

environmentalscience@peertechz. us

o
=
o
(4
o
(2]
w
o
z
w
(5]
(7]
w
™
=

Review Article

Renewable energy consumption
and Inclusive Growth: Evidence

from 20 African countries

Asiedu Ampomah Benjamin*

Faculty of Economics and Administrative Sciences, Cyprus International University, Nicosia, North

Cyprus

Abstract

ANNALS OF ) )
Environmental Science and Toxicology ass=

ISSN:  2641-2969 DOI:  https://dx.doi.org/10.17352/aest

Received: 29 March, 2022
Accepted: 19 December, 2022
Published: 20 December, 2022

*Corresponding author: Asiedu Ampomah Benjamin,
Faculty of Economics and Administrative Sciences,
Cyprus International University, Nicosia, North Cyprus,
Email: asieduampomab@gmail.com

Keywords: Renewable energy; Labor force; Physical
capital; Gross domestic product; Inflation and
Inclusive growth

Copyright License: © 2022 Benjamin AA. This is an
open-access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

https://www.peertechzpublications.com

’.) Check for updates

In Africa, the need for energy is growing. When it comes to renewable energy resources in Africa zone, it is unequivocally needed. Many African countries are
experiencing development therefore they are shifting to the use of renewable energy. In that view, this study aims to discover the potential impact of renewable energy
consumption on inclusive growth in 20 African countries for a period covering 1997 To 2015. To tackle this estimation technique namely Pesaran’s (2007) [1] CD test,
Pesaran’s (2015) [2] LM test and Breusch and Pagan’s (1980) [3] LM test, slope homogeneity test, Average Mean Group (AMG), Common Correlated Effects Mean Group
(CCEMG) and pairwise granger were employed. Concentration on inclusive growth contributes greatly to the economy size and ensures employment opportunity creation
for the society in a different segment, the result of the study indicates that renewable energy consumption significantly impacted inclusive growth in n the selected Africa
Countries. Consequently, if countries like Africa prosper in switching to renewable energy, unbelievable gains could be captured in terms of inclusive growth.

Introduction

Renewable energy and economic growth had been a topic
of discussion but details concerning it are nebulous. Renewable
energy could also be referred to us as green energy. Renewable
energy includes wind, solar, biomass, water geothermal, wave,
and hydro. The usage of traditional energy such as natural gas
and coal is minimized globally. The world shifted all minds
to the usage of nonrenewable energy but we all have realized
that renewable energy is the best for inclusive development. A
significant element of inclusive growth is adequate, affordable,
and appropriate access to renewable energy services to the
economy. Renewable energy is a means to an end entirely. The
final solution is what it has to provide to humans. Inclusive
growth is not possible without renewable energy services.
All services concerning renewable energy must be accessible
to users worldwide. Nonetheless, the renewable energy
system drives economic growth and provides quick service to
households (Ampomah, 2020). To enlarge economic growth,

clean energy must be of priority to all. When the world
broadens the usage of clean energy all will come to realize that
is virtually the best. The energy area is a great challenge to
economic growth since fossil fuel activities are growing sharply
worldwide. All observers consent that economic growth in the
right direction is good in every diverse economy. But the world
expectation now is looking for a way to ensure a carbon world
free [4].

Building a sustainable sector requiring renewable energy
is paramount in the African continent. The Africa Union has
2063 goals to ensure a prosperous Africa. This goal is aimed
at inclusive growth in Africa. The Africa Union Agenda is
somehow in line with the 2030 Agenda as well as the Paris
Agreement. It has been observed that Europe is in a position
to support the African 2063 agenda toward inclusive growth.
Africa European Alliance for sustainable investment and jobs
was launched in 2018. The 2063 agenda tackles fundamental
challenges in Africa such as employment and inequalities. The
energy landscape in Africa is a great investment opportunity for
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investors partnering with renewable generation technologies

(5].

West African countries have a large renewable energy
perspective to cover unmet demands and promote universal
access to electricity while moving to a low-carbon growth path.
In 2020 the authority of heads of state and Government of the
economic community of West African state (ECOWAS) aimed to
increase the share of renewable energy in the African region’s
overall electricity mix to thirty-five percent and forty-eight
percent by 2030. The West Africa Clean Energy corridor is
supported by IRENE to address development issues, the WACEC
will promote the development and integration of utility-scale
renewable power into West African power systems [6].

Providing universal, affordable reliable renewable energy
empowers African lives and triggers inclusive growth. Educating
Africans on renewable energy will help African countries to
decide the course of their lives. It has been observed Africa is
not on track to provide universal renewable energy access in
the coming decades Virtually, six hundred million Africans in
Africa will still lack access to renewable energy by 2030 (report
of the Africa-Europe High-level platform for sustainable
energy investments in Africa). About eighty percent of Africans
lack access to clean energy [7]. The sector remains stunted with
almost nine hundred million people facing inadequacy. This has
led to the untimely death of some Africans annually. Fossil fuel

to a damaging environment we know very well that Africa is
vulnerable when it comes to climate change. Vehemently these
consequence is sending warning all sectors in the economy.
The above background led to the study of renewable energy
and inclusive growth in twenty African countries.

Brief literature review Table 1

A plethora of studies have been conducted in recent years
on the correlation between renewable energy consumption
and economic development. Most of the empirical research
concentrated either on the economic growth of energy
consumption or the study of causality between the two
variables. The following four primary hypotheses are tested
in the literature on the energy-economic development nexus:
(a) growth hypothesis, (b) feedback hypothesis, (c) neutrality
hypothesis, and (d) conservation hypothesis. When there is
a unidirectional causality, the growth hypothesis dominates
from the use of resources to economic development. This
theory indicates that reducing energy consumption hampers
economic growth and contributes to this by stimulating energy
consumption. The view of feedback relates to the bi-directional
causality between energy use and economic development. In
this situation, at the same time, energy use and economic
growth are calculated and influenced simultaneously.
According to the theory of neutrality, there is no causality
between the two factors, implying that energy policies do not

Table 1: Summary of extant literature between renewable energy and economic growth.

Cross-sectional dependency(Westerlund cointegration

Wang, et al. [5] . . .
9 (5] test, Dumitrescu-Hurlin causality test)

BRICS countries ( 1990-2016)S

Bidirectional causality between human
development and clean energy growth

Koutou (2020) 44 African countries(1990-2016)

Vural [8] Six sub-Saharan African countries

Rahman, et al. (2020)  Five south Asian countries (1990-2014)

Charffedine and 24 MENA Countries91980-2015)

Kahia [9]
6} d Ozturk
zean ?1n0] zur 17 emerging countries (1995-2014)
Maji, et al. [11] 15 west African Countries (1995-2014)
Aydin [12] 26 OECD Countries 1980-2015
Five emerging market economies. India,
Bhat [13] Brazil, China, and South Africa.
Kahia, et al. [14] 11 MENA net oil importing countries (1980-

2012)

Inglesi-Lotz [15] 34 OECE countries(1990-2010)

17 developed and developing countries

Omuri, et al, [16] (1990-2011)

Dynamic panel data Renewable energy impacted economic
growth.
Cross-sectional dependency, second generation, panel
fully modified ordinary least square (FMOLS), Pedroni
cointegration test.
Panel unit root test, panel cointegration test, panel DOLS,
and causality test.
Panel unit root test, Panel cointegration test, Panel Vector
auto-regression model.

The positive effect of renewable energy
consumption on economic growth.

The positive impact of renewable energy
consumption and economic growth.
The weak positive impact of renewable
energy consumption on economic growth.
Neutrality hypothesis for 16 countries.
Growth hypothesis for Poland
The negative effect of renewable energy
consumption on economic growth.

Bootstrap panel causality test

Panel dynamic ordinary least square(DOLS)

Bidirectional temporally and permanent
Panel causality test and frequency domain causality test causality test between economic growth and
renewable electricity consumption
Positive but statistically insignificant
relationship between renewable energy
consumption and economic growth.
Bidirectional relationship between renewable
energy consumption and economic growth-
Hypothesis: feedback.

Cross-sectional dependency test, Unit root test,
cointegration test, and GMM.

Panel error correction model and Panel Granger causality
test.

A positive and significant relationship
between renewable energy use and
economic growth.
Unidirectional causality from renewable
energy consumption to economic growth.

Panel unit root test, panel cointegration test, Pool and
fixed effect estimation

Dynamic panel data model simultaneously estimated
using GMM
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impact economic development. The hypothesis of conservation
suggests a unidirectional causality that runs from economic
development to energy consumption.

This hypothesis indicates that energy efficiency policies do
not negatively impact economic development. We present some
of the studies that have tested these different theories in this
section of the paper. Using panel data techniques, Apergis and
Payne [17] presented proof of bidirectional causality between
renewable energy use and short- and long-term economic
growth for thirteen Eurasian countries. Furthermore, research
on developed and developing countries by Apergis and Payne
[18]found along-term connection between the use of renewable
energy and economic development. The authors find that an
increase in renewable energy usage contributes to an increase
in renewable energy consumption, using heterogeneous
panel cointegration studies. A one percent rise in renewable
energy usage in developing countries increases real GDP by a
percent. Also, bidirectional causality exists between renewable
energy and economic development in developed countries,
but there are no mechanisms for causality in developing
countries. The following explanations illustrate the disparity
between renewable energy use on economic development
in developed and developing countries. Several renewable
energy policies were introduced in the first community of
countries to encourage and enable renewable energy use.
These policies played a major role in growing the development
of the economy. Conversely, despite the intensive availability
of renewable energies in the second group of countries, their
usage rate remains limited. These findings illustrate the value
and necessity of renewable energy sources. In developing
countries, like African countries, it is used to foster economic
development. The existence of a long-run relationship between
renewable energy use and economic growth in Pakistan was
concluded by Shahbaz, et al. [19]. His research also showed a
bidirectional causal correlation between the use of renewable
energy and economic development. Inglesi-Lotz [15] has
shown that both the use of renewable energy and its share in
the overall energy mix positively impact economic growth in
OECD countries. In addition, in Nigeria, Maji [11] has reported
that economic development is adversely affected by renewable
energy (alternative and nuclear energy and electric power
consumption). Fuel-based renewables, on the other hand,
have a strong and essential effect on economic development.
Bhattacharya, et al. [20] experimented with panel estimation
methods in 38 countries and found that renewable energy has
various economic development impacts. The effect is positive
and substantial in some countries, while the impact is very
negative. Renewable energy provides jobs for most countries
with a positive impact. The negative impact is attributable
to the energy situation in those countries where the share of
renewable energy is poor in the overall energy supply. The study
also found that renewable energy has little impact on economic
development in countries such as Australia, Brazil, Belgium,
Ireland, Sweden, Japan, Mexico, Slovenia, South Africa, Turkey,
and Thailand. Kouton, (2020) examined with panel data method
from 44 African countries and disclosed that renewable energy
consumption positively impacted economic growth, especially
in countries experiencing a low level of inclusive growth. To

understand this outcome, the authors stated that they were not
successfully using renewable energy sources for output in these
countries. On that basis, we might argue that the successful
use of renewable energy would contribute to economic growth.
Few studies have shown the effect of renewable energy use on
inclusive development in the literature review. This lacuna is
the center of this study’s inspiration, and by trying to fill it, we
contribute to the literature.

Data and methodology

This study utilized a panel of 20 African economies from 1997
to 2015 with data sourced from the World Bank development
indicator (WDI) database, and the International Monetary
Fund’s World Economic Outlook (WEQO) databases. The choice
of the period for the study is restricted to the availability of
data. As Table 3 gives a summary of the description of the
variables, Figures 1-11 provides a trend of clean energy. Table
seven (2) provides the African countries employed in the study.
Further discussion of the variables of interest follows:

The equation below presents the model subject of our
analysis, firstly in a functional form:

Yit=f (RENit, LABit, CAPit, INFLit) (1)

Secondly, the above equation in its natural logarithm form
is expressed to ensure homoscedasticity of the coefficients
representing the elasticity of the relationships under
investigation.

Table 2: List of African employed in the Study > ->FIGIX.

No Name of country No Name of Country
1 Burkina Faso 11 Sierra Leone
2 Cameroon 12 Togo
3 Cote d'lvoire 13 Zimbabwe
4 Congo, Rep. 14 Sudan
5 Gambia, 15 Uganda
6 Ghana 16 Zambia
7 Guinea 17 Mozambique
8 Nigeria 18 Liberia
9 Rwanda 19 Kenya
10 Senegal 20 Angola
Table 3: Description of variables.
N f
aTne ° Abbreviation Proxy/Scale of Measurement Source
Indicator
Renewable ) .
REN Expressed in tera-joule (TJ).
Energy
Labour force LAB Measured in millions WDI
Proxies b ital t of
Physical capital CAP roxies by gross capital (percent o WEO
GDP)
Inflation INFL Inflation rate WEO
Gross
Domestic GDP GDP per person working WDI
Product
Inclusive Proxies by GDP per person
growth Y employed(in constant 2011 purchasing WDI

power parity)
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Figure 3: Renewable energy capacity trends in Africa . Figure 6: Solar energy trend from 2010 to 2019. Source: international renewable

international renewable energy Agency (2021). energy Agency (2021).
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Figure 8: Bioenergy trend in renewable energy. Figure 11: Geothermal energy trends in renewable energy. Source: International

renewable energy Agency (2021).

Installed Capacity Trends as mentioned earlier, whereas 3 captures the error term.
Navigate th h the filt lore trends i bl . .
oSt re entiin renenct ey Please refer to Table 3 for the explanation of other variables as

Show by .
installed Capacity presented earlier.

1000 A Besides the preliminary investigations, the cross-sectional
. i dependency will be carried out utilizing three estimation

sook AT techniques namely Pesaran [1] CD test, Pesaran [2] LM test, and
Al Breusch and Pagan [3] LM test as well as the slope homogeneity

o =:ipm;yd test and the outcome will inform an appropriate panel unit
root test. The panel cointegration test proposed by Westerlund

it [21] will be adapted to validate long-run relationships among
the variables. The uniqueness of this test is the ability to

- accommodate cross-section unit-specific trend and slope
parameters as well as the cross-section unit-specific short-

K run dynamics. Table 7 presents an estimation of the long-run

2010 201 0L 0L EOM 20 20M6 207 e 208 coefficient and relationship using the Average Mean Group
(AMG) by Eberhardt and Bond [22], the Common Correlated
Figure 9: Hydro power energy trends in renewable energy from 2010 to 2019. Effects Mean Group (CCEMG), and Driscoll-Kraay [23] as

Citation: Benjamin AA (2022) Renewable energy consumption and Inclusive Growth: Evidence from 20 African countries. Ann Environ Sci Toxicol 6(1): 097-104. DOI:
https://dx.doi.org/10.17352/aest.000060

1,200€

Installed Capacity (MW)

o

©IRENA..




P PeertechzPublications ‘

https://www.peertechzpublications.com/journals/annals-of-environmental-science-and-toxicology ‘ a

proposed by Pesaran [24] and extended by Kapetanios, et al.
[25]. These models have the unique ability to accommodate
cross-sectional dependence and slope heterogeneity. They
maintain a distinct path by how common correlated effects are
treated. Whereas the CCEMG treats the effect of the parameters,
the case is different for AMG because these effects signify a
dynamic process that is common, and subtracting it from the
dependent variable allows it to be accounted for. Finally, the
pairwise granger causality test was adopted to determine the
direction of causality for policy implications.

Empirical result and discussion

The authors started the investigations by doing cross-
section dependency as well as delta analyses. From the findings
(Table 4), the null assumption of no cross-section dependency
is firmly agreed upon for the template, thus, the presence
of cross-section dependency in the model is not obtained.
Furthermore, the null assumption of slope homogeneity by
the delta analysis is dismissed at a 1 % level of significance,
indicating the existence of slope heterogeneity Tables 4-7.

Table 4 reports the second-generation panel unit-root
test designed to account for the degree of integration in the
variables under consideration. The cross-sectional augmented
IPS (CIPS) panel unit root test as proposed by Pesaran [1] does
not necessarily require the estimation of factor loading to
eliminate cross-sectional dependence rather augmenting it to
include the lagged cross-sectional mean and its first difference
is necessary and sufficient to capture the cross-sectional
dependence that arises through a single-factor model. We
observe from Table 5 that all of the variables in both methods
of the unit root test are significant at the first difference of 1%.
The results reported in Table 5 support the presence of unit
roots in all the variables listed under review.

Table 6 reports the error-correction-based panel
cointegration tests as proposed by Westerlund [21]. Westerlund
cointegration test is a robust cointegration procedure that

Table 4: Cross-sectional dependency (CD) test results.

Pesaran | Pesaran | Breusch and

[2]LM |Pagan[3]LM| Homogeneity

accounts for cross-sectional dependence with four normally
distributed tests namely, Gt, Ga, P, and Po. The assumption
of unit-specific error correction parameters is the basis upon
which the first two tests are premised, as such they are mean-
group tests, while the latter tests are premeditated on the
assumption of common error-correction parameters across
cross-section units. These tests account for cross-section
unit-specific trend and slope parameters as well as the cross-
section unit-specific short-run dynamics. The results obtained
from Westerlund’s test are robust and consistent. All the test
results confirm the panel cointegration at 1% and 5% levels of
significance. This evidence supports the presence of a long-run
relationship between renewable energy, labor force, physical
capital, and inflation across the twenty (20) African economies.
Hence, the effect of renewable energy on inclusive growth for
20 African economies over the period 1997 to 2015.

Moreover, from all the estimations, it was observed that
renewable energy had a positive effect on inclusive development
in Africa. Subsequence, a percentage change in the number
of renewable energy will rise inclusive growth whereas a
percentage change in physical Capital, inflation, GDP, and
labor force will increase inclusive growth which the outcomes
affirms the result of Apergis and Payne [26] Moreover, the
degree of renewable energy usage could be decided by more
significant inclusive growth in our case.

Furthermore, the result from all the observed tables again
proves that renewable energy intake proves a positive and
significant impact on inclusive growth. The result shows that
a percentage change in physical capital increases inclusive
growth and affirms the findings of Apergis and Payne [18],
Apergis and Payne [26], Vural [8], and Kouton (2020). The
inflation may be due to the distribution and reliance on
renewable energy demand around the surveyed countries.
Per the WDI (2019), the average portion of renewable energy
in the energy mix of the surveyed nations was 67.93 percent,
whereas the share of labor force usage was averaged at 32.07
percent in the overall renewable energy usage. Thus further,
the dominance of renewable energy usage with little to no
renewable contribution is an aspect of the main obstacles to
inclusive growth in the 20 African countries. Consequently, an
aspect of the key strategy ramifications as well as consideration
of the ways of increasing renewable energy consumption and

Ren= Delta decreasing inflation, labor force, and physical capita hinder
f(nCap,ingdp,inlbf, -0.774*** -1.488* 124.85=* . = 8.684** (0.000) economic growth within the surveyed countries. Labour force
infl) s . . . . . .
AdL posmyely 1mpa1.cte<.i 1nclu51Ye growth in all thr.ee est1mat10_n
p-value (0.00233) (0.022) (0.0000) Delta. 8.668" (0.000) techniques, affirming the findings by Charffedine and Kahia
tilde [9]; Kouton (2020), and Rahman, et al. (2020). The decreasing
Note: *+, * is 1% and 5% significant level impact of the labor force can be due to the more successful
Table 5: Panel IPS and CIPS unit root test.
_______—
Lnren 0.0210 0.010 0.03171%+ 0.0263** 0.020 0.005 0.030%* 0.200%*
Lngdp 0.0187 0.017 0.0146** 0.0063%+* 0.001 0.002 0.033#*' 0.079%**
Infl -0.001 0.009 0.0198* 0.0072%* 0.022 0.001 0.045%+ 0.020%*
Lncap 0.002 0.063 0.0243%#* 0.0026* -0.001 0.030 0.067% -0.010%*
Lnlbf 0.021 0.092 0.047* 0.0092** 0.033 0.008 0.058**+ 0.021%*
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Table 6: Westerlund [21] Cointegration Test.

T S N

Gt -0.0818** 0.020
Ga -0.04571%** 0.001
Pt -0.048** 0.097
Pa -0.0750** 0.010

Note: *** and ** are 1% and 5% significant levels respectively.

Table 7: AMG, CCEMG, and Driscoll-Kraay results.

Ren

0.0077* 0.0453* 0.488%**
p - value (0.95) (0.844) (0.000)
Lbf 0.49357* -0.0623* -0.640%**
p - value (0.373) (0.947) (0.002)
Gdp -1.1606* -.3374* -1.090%**
p - value (0.774) (0.122) (0.003)
Cap .02565* -.09217* -1.229**
p - value (0.415) (0.282) (0.032)
Inf -0.0000* -0.0002* 0.909***
p - value (0.599) (0.674) (0.001)
Wald test 1.74% 0.99* 0.676**
p - value (0.7836) (0.911) (0.032)
No. Regressors 5 5 5
No of Observations 379 379
No of groups 20 20
R? 0.8954

Note: ***, ** and * are 1%, 5%, and 10% significant levels respectively whiles C:
constant and C&T: Constance and trend.

introduction of renewable energy and inflation strategies in
large cities relative to the rural sectors. It is stated that African
countries have more benefits to better learning which leads
to increasing knowledge on renewable energy usage and the
need for deep inclusive growth [9,15]. The increased prevalence
of the labor force will force the stakeholders to take steps for
expanding healthier practices, hence, systemic change of
inclusive growth will avail [27-33].

Conclusion

The study explored renewable energy and inclusive growth
in this paper. The study focuses on twenty African countries.
Second-generation estimation was employed. The CIPS, AMG,
and CCEMG estimations were done. Interestingly, the outcome
of the study reiterated the findings of extant researchers by
revealing that renewable energy increases economic growth.
Renewable energy consumption is found in African countries’
low carbon-free environments drastically. Activities toward
renewable energy reduction increase employment and improve
the standard of living.

Policy implication(s)

Below are measures that could be put in place by
policymakers in the fight to increase renewable energy
consumption in achieving inclusive growth.

CCEMG Driscoll-Kraay

Based on the conclusion we suggest that a new source
of energy must be deployed in the global revolution toward
industry. It has been observed that if strict action is not taken
energy-related carbon dioxide would increase by 2040. Since
we all know that renewable energy is an innovative path to
change toward a low-carbon world. Renewable energy is
good but the transition to the such area requires the world’s
strength but not an individual country. We have noticed that
energy transition policies vary from country to country even
though the environment differs. All must recognize that energy
transition needs consistent policies.

Funds must be available always to back the transition into
a low-carbon world. All countries must deduct funds from
workers’ proceeds worldwide. Countries that refused to go by
the idea of the fight for a low-carbon world must be charged
for unborn children to feel their bad decisions. Moreover, a
renewable energy-related single cryptocurrency must be made.
An attempt to embark on cloud funding the world could gather
more funds. The such energy-related currency could give many
people employment since it is a new go area. The special aim
of such energy-related currency special aim could be seeking
funds to reduce carbon dioxide globally not in Africa alone.

Businesses and projects well scrutinized and known to
be made to reduce carbon dioxide could be encouraged. Tax-
free policies toward such businesses and projects should be in
place. Speeding up such policies could save the environment
to some great extent. Focusing much on ensuring free tax
policies brings more jobs since many will want to go into such
businesses and projects at the same time a low carbon-free
world will avail by 2060.

A lot of initiatives could be emulated by countries. This
initiative met the need of the people in such countries. The TERI
started lighting billions live campaign in India with two aims.
One of their twin objectives was to bring solar lanterns and
charging stations to rural households that are poor and have
no access to electricity. The project succeeded in displacing
paraffin lanterns and kerosene. Better solar lighting devices
were provided which ensured good illumination and smoke-
free environments. African countries could emulate the Energy
and resource institute initiative in India. Such initiatives
could be cut and pasted for countries like Africa to succeed in
minimizing carbon dioxide emissions.

The leading producers of solar are Japan and Germany
and Japan invest massively in solar research. This vision was
underpinned by their domestic industries. These industries
publicly supported the buying of expensive PV electricity to
help the vision. Which continent is sunnier than Africa? But
we are doing nothing to curb carbon dioxide emissions amidst
the scorching sun every day everywhere. One will argue that
we cannot be compared to such countries’ fine, no problem
assertion accepted. All that we want to policy maker in Africa
to capture is that there are special features that require a
successful energy transition. In Africa policies concerning
renewable must have a long-term commitment, shared public-
private vision, public support, and specialization that ensure
clustering of knowledge and in political and social contexts
strategies must reflect that enough.
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