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Abstract
Although the role that renewable energy consumption plays on economic growth and emissions has been widely studied, there
are relatively few papers focusing on the determinants of renewable energy consumption, and only one study focuses on the
factors related to the share of renewables in the energy consumption in Africa. This paper contributes to the literature by filling the
gap in knowledge by exploring the nexus between the share of renewables in energy consumption and social and economic
variables, for a panel consisting of 21 African countries for the period between 1990 and 2013, extending the set of variables and
the time span used by a previous study. Estimating a random-effects generalized least squares regression, we find that countries
with a higher Human Development Index and a higher gross domestic product per capita have a lower share of renewable energy
in the national grid. On the other hand, an increase in foreign direct investment has been found to be related to higher renewable
energy integration. The level of democracy, measured by the Freedom House political rights and civil liberties ratings, does not
directly affect the integration level of renewable energy sources. The negative relationship between gross domestic product per
capita and the share of renewables contradicts previous findings for developed countries. This contradiction and policy impli-
cations are discussed in the light of the review of the energy mix of the selected countries.
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Introduction

There is a consensus among researchers that a minimum level
of energy consumption is key for a nation to achieve economic
and social development (Wu and Chen 2017). Even though
poverty is still a genuine and pressing issue in today’s world,
lately, several nations have improved in development terms.
For this trend to continue, and more nations to improve their
living standards, increasing amounts of energy will be needed.
Arto et al. (2016), using energy footprint,1 confirmed that for
developing countries to achieve the living standards of the
developed ones, the rates of global energy use should increase
substantially.

The world’s growing need for energy to support and im-
prove living conditions (Wu and Chen 2017) coupled with the
increase in population (with an annual population growth of

1 Arto et al. (2016) define energy footprint as Bthe energy consumed world-
wide to satisfy the domestic final demand of a country, including both the
direct energy consumption of households and the global energy requirements
to produce the goods and services demanded by final users^ (Arto et al. 2016,
p. 3).

This article is derived from Phebe Asantewaa Owusu’s Master’s thesis
(Owusu 2018) titled BThe Nexus Between Renewable Energy
Consumption and Socio-Economic Variables in Africa: An Econometric
Approach^. The authors are ordered alphabetically.
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1.16% in 2017, WDI 2017) lead to an increase in fossil fuel
consumption and hence brought with itself several challenges
such as depletion of fossil fuel reserves, global warming, and
climate change due to greenhouse gas emissions, geopolitical
and military conflicts, continual fuel price fluctuations, and
the increased occurrence of some health conditions (cardio-
vascular diseases, etc.) associated with emissions (Edenhofer
et al. 2011; Kaygusuz 2012; Abbasi and Abbasi 2011;
Wuebbles and Jain 2001).

Global warming and climate change are the consequences
of mainly anthropogenic activities and the combustion of fos-
sil fuels which releases greenhouse gases into the atmosphere
(IPCC 2014). With increasing temperatures and extreme
weather events, the effects on the environment can be seen
in the loss of ecosystems and biodiversity, loss of land and
changes in agricultural production (Bouwer 2019). Eighty
percent of the increase in greenhouse gas emissions is due to
the combustion of fossil fuels and industrial activities. The
negative effects of these emissions will be more strongly felt
in low-income countries (IPCC 2014).

Even though fossil energy has improved humanity’s stan-
dard of living, reflected by a high positive correlation between
the total primary energy supply and national GDP per-capita
averages and the fact that fossil fuels make up a very large
portion of the total energy supply (Smil 2005), the need to find
other alternative sources of energy became essential consider-
ing the above-mentioned concerns.

As pointed out by Arto et al. (2016), several studies have
shown that fossil fuel depletion and uranium scarcity imply
that energy will no longer be cheap and abundant, suggesting
that renewable energies should be encouraged. Moreover, as
Akizu-Gardoki et al. (2018) posit, there is agreement among
scholars that the use of renewable energies is not only funda-
mental for the environment but it would also be positive in
economic and social terms.

This gave rise to various researches and the implementation
of policies that lead to the return to renewable energy re-
sources, which are sustainable sources of energy. BReturn^
because humankind was using bio-energy (for cooking and
warming) before the discovery of fossil energy.

Renewable energy sources (RES) in this paper are consid-
ered as sources of energy Bwhich naturally replenish
themselves^ (Future Energy Africa 2018, p. 7). Since energy
from nature is in persistent flow, these sources of energy can
be reliable, provided its technologies are well developed.
Edenhofer et al. (2011) and Tiwari and Mishra (2012) present
evidence that renewable sources of energy can help address
the challenges we are encountered with. There is continuous
research to improve them and make them more efficient and
reliable. Renewable energy consumption has been increasing
for the past decade. By the end of 2015, renewable energy
made up 19.3% of global final energy consumption (REN21
2017). The renewables can be categorized as modern

renewables (MRs) and traditional biomass, their share being
10.2 and 9.1% respectively. The MR can further be sub-
categorized as biomass/geothermal/solar heat (4.2%), hydro-
power (3.6%), wind/solar/biomass/geothermal power (1.6%),
and biofuel for transport (0.8%) (REN21 2017). In 2016, the
power-generating capacity from renewable sources saw its
highest annual increase (161 GW estimated capacity added
to the previous capacity of 1856 GW) (REN21 2017).
Nonetheless, there are challenges that tend to hinder the sus-
tainability of renewable energy sources such as Bmarket fail-
ures, lack of information, access to raw materials for future
renewable resource deployment, and most importantly our
(humans) way of utilizing energy in an inefficient way^
(Owusu and Asumadu-Sarkodie 2016).

Kraft and Kraft’s (1978) empirical study on the nexus be-
tween gross energy consumption and gross national product,
and the inferences from their analysis showing a bi-directional
causality, spearheaded various studies in this field. Research
involving the study of energy consumption (both renewable
and non-renewable), trade, carbon dioxide emissions, and
economic growth relationship has been growing for the past
decades using different models with sometimes-conflicting
findings for different time periods and/or regions.

Most studies, several of them reviewed in the BLiterature
review^ section, have focused on the relationship between
energy consumption (renewable and non-renewable) and eco-
nomic growth; however, the social aspects of sustainability
have received relatively little attention in Africa.

Against the backdrop, this paper attempts to investigate the
major drivers of renewable energy consumption in Africa, to
understand the effects of some social and economic variables
using econometric methods and to propose policy recommen-
dations. This paper makes several contributions to the existing
literature (which is reviewed in the BLiterature review^ sec-
tion): Firstly, the use of the share of the renewable energy
sources as a percentage of the total energy consumption—
instead of using the absolute value of the consumption—as
the explained variable. As far as we know, it has only been used
by very few researchers, and only by Attiaoui et al. (2017) for
Africa. We use a larger and different set of variables than
Attiaoui et al. (2017).

Secondly, to the best of our knowledge, the Human
Development Index as a variable has not been used in any
econometric analysis for Africa, although a modified version
of it was used by Gürlük (2009) in an analysis for the
Mediterranean region. Using this variable is important be-
cause many researchers have found a strong connection be-
tween energy use and living standards in developing countries
and a weaker correlation in developed nations, which can be
seen by looking at the correlation between total primary
energy demand per capita and HDI. Arto et al. (2016) found
a correlation between total primary energy demand and HDI
of 0.70 in countries with an HDI below 0.8, and a correlation
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of 0.57 in countries with an HDI above 0.8. Thirdly, this paper
attempts to find ample representation from the five regions of
the continent with the available data.

This paper is organized as follows. The next section presents
some background information onAfrica and describes briefly the
current energy mix and renewable energy potentials. The section
that follows reviews the recent literature related to our study.
Subsequent sections describe the data and methodology used,
present the empirical analysis and results, discuss the main find-
ings, and the last section presents the conclusions and policy
recommendations.

Brief background information on Africa
and the continent’s energy mix

Africa consists of five regions: North, West, East, Central, and
South. It consists of 54 self-governing countries.
Economically, while many countries in the continent are de-
veloping, others are still among the least developed countries
in the world.

Several papers (see for instance Barrios et al. 2006,
Challinor et al. 2007, and Collier et al. 2008) have pointed
out that climate change is already present in Africa. This can
be observed in a drop in crop productivity (Challinor et al.
2007), migration from rural areas to urban areas in sub-
Saharan Africa due to changes in the rainfall pattern (Barrios
et al. 2006), and temperatures rising faster than the global
average (Collier et al. 2008). These changes can be associated
with the increase in pollution due to the increased use of fossil
energy (Shahbaz et al. 2016) and due to deforestation (Aleman
et al. 2018). While trying to develop the countries, the ways
used to attain this goal might destroy the environment, reduc-
ing the economic growth and development they are trying to
achieve. Hence, with the abundance of renewable energy re-
sources, most countries in Africa are trying to develop policies
and plans that will develop them in a sustainable manner
(Bugaje 2006).

Analyzing the 21 countries2 considered in the empirical
analysis that follows, we can observe that the energy mix in
these countries comprises of fossil energy, hydropower, and
Btraditional^ biomass.3 On the other hand, many of these
countries have considerable renewable energy harnessing po-
tential from different sources such as solar energy, hydropow-
er, bio-energy (wood, biogas, and biofuel), wind energy, and
geothermal sources (Owusu 2018).

Most African countries lack full access to electricity, espe-
cially in the rural areas of the sub-Sahara region with only
37.4% of the population having access in 2015. With the in-
creasing population (annual growth of 2.7% in the sub-Sahara
region and 1.8% in the Northern region in 2016),4 fuel price
fluctuations, and lack of financial resources in most countries
in Africa, renewable energy is a potential way out. Africa as a
continent is endowed with various sources of renewable ener-
gy. This potential has not been fully harnessed mainly due to
the lack of economic capital (research and development cost)
and the institutional framework of the countries (Bugaje
2006). The percentage of renewable energy consumption in
this continent is averaging around 62% of the total final ener-
gy consumption, with the majority coming from hydropower
and traditional combustion of biomass (WDI 2017).

Literature review

The discussion and analysis of the relationships between eco-
nomic and energy variables using econometric methods began
with the study by Kraft and Kraft (1978). The early studies
were mostly centered on developed countries because data
was easier to obtain compared to developing and underdevel-
oped countries. These studies’ aim was to establish both the
short- and long-run relationship between the environment and
the economy. The most established hypothesis in this area of
study is the Environmental Kuznets Curve (EKC), first tested
by Grossman and Krueger (1991) and named by Panayotou
(1993). This hypothesis tells us that an increase in gross do-
mestic product (GDP) per capita leads to an increase in envi-
ronmental pollution in the developing stages of an economy,
but pollution decreases over time as the country’s economy
grows further. This is also known as the inverted U-shaped
relation. As the importance of renewable energy for the sus-
tainability of our environment became more evident, studies
on the EKC hypothesis began to include renewable energy
consumption as part of their variables.

In this section, we first review studies on the EKC hypoth-
esis in Africa that control for renewable energy consumption.
Then, we summarize findings on the impact of renewable
energy consumption on economic growth. Finally, we focus
on studies that aim to explain the factors that affect renewable
energy consumption as our study does.

Studies on the EKC hypothesis using renewable
energy consumption for Africa

Ben Jebli et al. (2015) studied the role of renewable energy
consumption and trade on the Environmental Kuznets Curve
hypothesis for the sub-Saharan region. The study was

2 The countries are Benin, Botswana, Burundi, Cameroon, Egypt, Ghana,
Guinea, Kenya, Malawi, Mali, Mauritius, Morocco, Rwanda, Senegal, Sierra
Leone, South Africa, Swaziland, Tanzania, Togo, Tunisia, and Uganda. The
country choice is discussed in BData and countries selection^.
3 See Owusu (2018) for a detailed analysis of the energy mix and potential of
those 21 countries. 4 World Development Indicators (WDI) 2017.
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conducted for 24 countries for the period 1980–2010. They
used a panel cointegration model for the following variables:
carbon dioxide (CO2) emissions per capita, GDP per capita,
renewable energy consumption per capita, exports per capita,
and imports per capita. They found that the EKC hypothesis is
not validated. On the other hand, they found that a unidirec-
tional causality exists from both exports and imports towards
per-capita renewable energy consumption.

Testing the same hypothesis, Zoundi (2017) used a panel
cointegration model for 25 African countries for the period
1980–2012. He controlled for per-capita renewable energy
consumption (REC), per-capita primary energy consumption,
and population growth. The results did not verify the EKC
hypothesis. On the other hand, he found that an increase in
per-capita renewable energy usage leads to a reduction in CO2

emissions.
Focusing on Algeria, Amri (2017) tested the EKC hypoth-

esis from 1980 to 2011 controlling for renewable and non-
renewable energy consumption and using the autoregressive
distribution lags approach (ARDL). The empirical results
proved the existence of an EKC. He found the effect of using
renewable energy on CO2 emissions to be insignificant which
he argues is most likely due to the very low share that renew-
able energy sources have in the total energy consumption.
Solarin et al. (2017) verified the EKC hypothesis for Ghana,
but differently from Amri (2017), they found that higher per
capita REC leads to more CO2 emissions. Table 1 summarizes
the literature review presented above.

Studies analyzing the impact of renewable energy
consumption on growth

The nexus between energy consumption and economic growth
is one of the most studied issues in energy economics. As
reviewed in detail by Bekun et al. (2019b), there are several
well-established hypotheses regarding the causality between
these two variables. Recently, there is also a growing research
analyzing the relationship between REC and economic growth.
Focusing on 16 EU countries, Bekun et al. (2019a) found a

feedback mechanism, i.e., bi-directional causality between
GDP per capita and the share of renewables in energy con-
sumption. Wesseh and Lin’s (2016) study employed the
translog production model with data for the period 1980–
2011 for 34 African countries to investigate the impact of total
renewable electric power consumption, total non-renewable
electric power consumption, labor, and capital on real GDP.
They found that renewable energy consumption is a stronger
drive for growth as compared to the non-renewable energy.
However, they point several challenges of using more renew-
able energy such as issues of scale, the large capital investment
required, and some sitting problems.

Alabi et al. (2017) investigated the causality between re-
newable energy consumption per capita and economic growth
for three African OPEC countries (Angola, Algeria, and
Nigeria) for the period 1971–2011. Their findings revealed a
bi-directional causality between REC and GDP per capita for
both the short and long run. On the other hand, using data for
11 African countries, Ben Aissa et al. (2014) failed to find any
short-run causality between REC and GDP. However, they
found that in the LR, REC has a significant positive effect
on GDP. Focusing on Tunisia, BenMbarek et al. (2018) found
a unidirectional causality fromGDP per capita to REC. For 20
OECD countries, Apergis and Payne (2010) found a bi-
directional causality between REC and GDP. The same find-
ing was also obtained for six Central American countries
(Apergis and Payne 2011). On the other hand, analyzing 24
European countries, Marques and Fuinhas (2012) found that
an increase in the share of renewable sources in the energy
supply leads actually to a fall in the growth rate. Table 2 sum-
marizes the literature on the relationship between economic
growth and renewable energy consumption.

Studies analyzing determinants of renewable energy
consumption

While the above-mentioned studies focused on the impact
REC has on pollution or economic growth, others, like our
study, investigated factors affecting REC. Attiaoui et al.

Table 1 Summary of literature on EKC hypothesis in Africa

Author Period Country(ies) Under Study Results

Ben Jebli et al. (2015) 1980–2010 24 SR causality: EX→ REC, IM→REC

LR: EKC not supported

Zoundi (2017) 1980–2012 25 REC negative effect on CO2E. EKC not supported

Amri (2017) 1980–2011 1 Algeria: REC insignificant effect on CO2E

EKC existence proven

Solarin et al. (2017) 1980–2012 1 Ghana: REC positive effect on CO2E

EKC existence proven

SR short run, LR long run, → unidirectional, EX exports, IM imports, REC renewable energy consumption, CO2E CO2 emissions
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(2017) studied the impact of CO2 emissions per capita, GDP
per capita, and non-renewable energy consumption (NREC)
per capita on renewable energy consumption (REC) which is
measured using the combustible renewable ratio of total ener-
gy in 22 African countries for the period 1990–2011 using the
autoregressive distribution lags-pooled mean group. They
found that GDP has no significant impact on REC while
CO2 emissions have a negative and NREC per capita a posi-
tive significant impact on REC.

Sadorsky (2009a), on the other hand, found that higher real
GDP per capita leads to higher REC per capita in the G7 coun-
tries. While CO2 emissions have also a positive effect, the effect
of an increase in oil prices was less important but negative. He
also found the same positive effect of real GDP per capita on
REC per capita for 18 emerging economies in another study
(Sadorsky 2009b). The same effect of real GDP per capita on
REC per capita was also confirmed by Omri et al. (2015) for a
panel of 64 countries. They also found that trade openness is a
driver of REC per capita, while Ben Aissa et al. (2014) failed to
find any short- or long-run causality between trade and REC.
Similarly, Salim andRafiq (2012) found that REC is significantly
and positively determined by income for six emerging econo-
mies, while like Sadorsky (2009b), they failed to find a signifi-
cant impact of oil prices on REC. Besides real GDP per capita,

Rasoulinezhad and Saboori (2018) found that financial openness
and trade openness affect positively REC. Table 3 summarizes
the papers presented above.

Considering the studies that have been done on Africa,
various methods, different time periods, and different vari-
ables were employed. The conclusions vary depending on
the country(ies), time frame, methodology, and the type of
data used. Also, Marques and Fuinhas (2012) observed that
the relationship between renewable energy consumption and
economic growth seems to vary across countries and study
periods. They argue that this could possibly be a result of
omitted variable bias due to the non-inclusion of simultaneous
consumption of fossil energy in the analysis. For this reason,
the major oil-producing and exporting countries (Nigeria,
Angola, and Algeria) in Africa are not included in this study.

Data and methodology of the study

Data and countries selection

The empirical analysis of this study comprises of 6 variables (see
Table 4), namely, share of renewables in energy consumption
(RNEW%), GDP per capita (GDPpc), trade openness (TO),

Table 2 Summary of literature on the economic growth and renewable energy consumption relationship

Author Period Country(ies) under study Results

Bekun et al. (2019a) 1996–2014 16 EU countries REC% ↔ GDP per capita

Wesseh and Lin (2016) 1980–2011 34 African countries REC is a greater drive for GDP growth compared to NREC.

Alabi et al. (2017) 1971–2011 3 African OPEC countries In both LR and SR causality: REC ↔ GDP (Angola, Algeria, and Nigeria)

Ben Aissa et al. (2014) 1980–2008 11 African countries LR: REC→GDP. No causality between TO and REC

Ben Mbarek et al. (2018) 1990–2015 Tunisia GDP→REC

Apergis and Payne (2010) 1985–2005 20 OECD countries REC ↔ GDP

Apergis and Payne (2011) 1980–2006 6 Central American countries REC ↔ GDP

Marques and Fuinhas (2012) 1990–2007 24 European countries REC% has a negative effect on GDP growth rate

LR long run, SR short run,→ unidirectional,↔ bi-directional, REC renewable energy consumption, NREC non-renewable energy consumption, REC%
share of REC in total energy consumption, TO trade openness

Table 3 Summary of literature on the determinants of renewable energy consumption

Author Period Country(ies) Under Study Results

Attiaoui et al. (2017) 1990–2011 22 African countries Impact on REC%: CO2E (−); NREC (+); GDP (no effect)

Sadorsky (2009a) 1980–2005 G7 countries Impact on RECpc: GDPpc (+), CO2E (+)

Sadorsky (2009b) 1994–2003 18 emerging economies Impact on RECpc: GDPpc (+)

Omri et al. (2015) 1990–2011 64 countries Impact on RECpc: GDPpc (+)

Ben Aissa et al. (2014) 1980–2008 11 African countries No SR or LR causality between trade and REC

Salim and Rafiq (2012) 1980–2006 6 emerging economies Impact on REC: GDP (+)

Rasoulinezhad and Saboori (2018) 1992–2015 CIS region countries Impact on REC: TO(+), FO (+)

SR short run, LR long run, + positive, − negative, CO2E CO2 emissions, REC renewable energy consumption, NREC non-renewable energy consump-
tion, RECpc renewable energy consumption per capita, GDPpc GDP per capita, REC% share of REC, TO trade openness, FO financial openness
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foreign direct investment inflows (FDI), from the World Bank
Development Indicators (WDI 2017); Human Development
Index (HDI) from the Human Development Report (UNDP
2016) and democracy (DEM) fromFreedomHouse as ameasure
of democratic freedom (mean score of Political Rights and Civil
Liberties rating) (Freedomhouse.org 2017). These variables were
selected to establish the nexus between the share of renewables in
energy consumption and social and economic variables inAfrica.
Twenty-one countries were selected based on the availability of
data spanning from 1990 to 2013 excluding the major oil-
producing and exporting countries, i.e., Nigeria, Angola, and
Algeria (see Table 5).

The independent variable (RNEW%), which measures the
share of renewable energy in the total final energy consump-
tion, includes the various RES usage from all sectors (indus-
trial and household) (WDI 2017). We use energy consump-
tion, which includes the total energy consumed within a coun-
try, i.e., indirect energy embodied in products and services is
not taken into account (Arto et al. 2016).

The impact of foreign direct investment (FDI) on the envi-
ronment could go in one of two directions. On the one hand,
FDI contributes to biodiversity loss, deforestation, and green-
house gas emissions and on the other, it contributes to eco-
nomic growth. FDI’s Bnegative^ effect on the environment is
reflected by the BPollution Haven^ hypothesis (see for
instance Jensen 1996; Xing and Kolstad 1996), while the con-
cept of FDI’s Bpositive^ effect on the environment and society
is known as the BPollution Halo^ hypothesis (Eskeland and
Harrison 2003; Birdsall and Wheeler 1993; Zarsky 1999).

Another independent variable used in this research is trade
openness. There are different indices for the measurement of
trade openness (see Yanikkaya 2003). The most common one,
trade as a percentage of GDP, is the measure for trade open-
ness used in this paper. Mostly, trade openness is studied to
understand the dynamic effect it brings to the environment and
the economy. As reviewed by Harrison (1996), most studies
showed that it has a positive relationship with growth. Our
paper seeks to study the contribution of trade openness to

renewable energy consumption in Africa. If trade openness
is a driver for renewable energy consumption, policies leading
to greater trade openness would not only contribute to growth
but to the environment as well.

The Human Development Index (HDI) is also included in
the analysis as an independent variable. HDI was developed to
reduce the reliance on economic growth as a measure of de-
velopment. It measures the level of development of a country
in three dimensions: education, life expectancy (which reflects
the achievements in the health sector), and per-capita income.
In this paper, HDI is included as a variable to analyze the role
it plays in the option of using renewable energy sources.

Table 4 Description of variables

Indicator
Code

Indicator name Mean Minimum Maximum

RNEW% Renewable energy consumption (% of total final energy consumption) 62.70 5.58 97.29

GDPpc GDP per capita (constant 2010 US$) 1756.69 204.77 8848.89

FDI Foreign direct investment, net (BoP, current US$) −500,000,000 −13,800,000,000 5,310,000,000

TO Trade Openness (% of GDP) 65.49 19.68 170.41

HDI Human Development Index (very high 0.8–1, high 0.7–0.799, medium 0.550–0.699,
low: below 0.550)

0.47 0.19 0.77

DEM Democracy (Before 2003, combined average ratings for Political Rights and Civil
Liberties fell between 1.0 and 2.5 were designated free; between 3.0 and 5.5 partly
free, and between 5.5 and 7.0 not free; from 2003 onwards, combined average ratings
fall between 3.0 and 5.0 are partly free, and those from 5.5 to 7.0 are not free)

4.20 1.00 7.00

Table 5 List of countries included in the analysis

Region Country

North Africa Egypt, Arab Rep. (EGY)

Tunisia (TUN)

Morocco (MAR)

West Africa Benin (BEN)

Ghana (GHA)

Guinea (GIN)

Mali (MLI)

Senegal (SEN)

Sierra Leone (SLE)

Togo (TGO)

East Africa Burundi (BDI)

Kenya (KEN)

Malawi (MWI)

Mauritius (MUS)

Rwanda (RWA)

Tanzania (TZA)

Uganda (UGA)

Central Africa Cameroon (CMR)

South Africa Botswana (BWA)

South Africa (ZAF)

Swaziland (SWZ)
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Lastly, democracy (DEM), one of the social variables in-
cluded in the paper, comprises of the aggregated weights of
political rights (PR) and civil liberties (CL) ratings. The PR
rating is based on Bfunctioning of government, political diver-
sity and participation, and electoral process^. The CL rating is
centered on Brule of law, freedom of expression and belief,
personal autonomy and individual rights, and associational
and organizational rights^ (Freedomhouse.org 2017).
Democracy is known as an important Btool^ in growth and
development, and Torras and Boyce (1998) point out that civil
liberties and political rights are strong factors affecting the
environmental quality in low-income countries.

Methodology

This paper uses panel data analysis for the econometric model.
The details of the models are explained in subsequent sec-
tions, while a brief description follows. Firstly, a descriptive
analysis of the variables is done to understand the character-
istics of the data, in order to make informed decisions on data
pre-processing and the selection of an estimation method.
Secondly, unit root tests are applied to examine the stationarity
of the data series. It is expected that the variables will be
integrated of order one, before proceeding to test cointegration
among the variables. For this purpose, the study employs sev-
en panel unit root tests. Thirdly, the panel causality test is used
to investigate the direction of causality in a bivariate relation-
ship. The results can be unidirectional, bi-directional, or no
causality at all. Lastly, fixed- and random-effects estimators
are used to estimate the long-run equilibrium relationships
between the treatment variables (GDPpc, TO, FDI, HDI,
DEM) and RNEW%, the dependent variable. Subsequently,
the Hausman’s test is employed as a post-estimation method
after the application of the fixed- and random-effects estima-
tors to choose the appropriate method.

The following sub-sections give a detailed description of
the methods and models used in the estimation process.

Causality test for panel data

Instead of the well-known Granger causality tests by Granger
(1969), we employ an augmented version of it by Dumitrescu
and Hurlin (2012) which is modeled in Eq. (1). This is be-
cause, in the presence of cross-sectional dependence, the stan-
dardized panel statistics have good small sample properties.

yi;t ¼ αi∑K
k¼1γi

kð Þyi;t−k þ ∑K
k¼1βi

kð Þxi;t−k þ ei;t ð1Þ

where the lag order of K in the element of N∗ (cross-sectional
units) is the same for all the individual groups for the panel
analysis. βi equal to (βi

(1), βi
(2), βi

(3), … , βi
(k))′ denotes the

coefficients at a constant time, and it can differ across

individual countries in the panel. The null hypothesis for this
augmented version is H0 : βi = 0, ∀i = 1, 2, 3,… , N which
states that there is no causality, against the alternative,

H1 :
βi ¼ 0;∀i ¼ 1; 2; 3;…;N1

βi≠0;∀i ¼ N1 þ 1;N1 þ 2;…;N

�
where the known

N1 is conditioned as 0≤ N1
N ≤1. If H0 is rejected, then causality

exists among at least one panel form (Dumitrescu and Hurlin
2012). The interpretation of the test results includes an aver-
ageWald statistic across the individual groups in the panel and

the probability value (P value) of the Z (Z-bar). This bivariate
analysis is conducted between share of renewables in energy
consumption and the other variables considered if they are
integrated of order one. The results are presented in BPanel
causality estimation^.

Fixed-effects estimators and variance components model
(random-effects)

The specification test is essential in econometric studies but it
has one major challenge: the alternative hypothesis is not stated
specifically (Hausman 1978). Fixed-effects (FE) and random-
effects (RE) methods are used to mitigate the individual group
(countries) effects in the presence of cross-section and period-
specific effect terms. The specification test of FE uses orthog-
onal projections or first differences while that of RE assumes
that the individual cross-section effects δi and the period specif-
ic effects γi are realizations of independent random variables
with zero mean and finite variance. Essentially, RE assumes
that the effect is uncorrelated with the idiosyncratic residual of
the error term for the individual groups and time (Baltagi 2008;
Davis 2002; Wansbeek and Kapteyn 1989).

Three different models are estimated using the share of
renewables in energy consumption as the dependent variable.
The first model is used to check the effects of social variables
(HDI and DEM) on the consumption of renewable energy.
The second model checks the effect of economic variables
(GDPpc, FDI, and TO) on renewable energy consumption,
and the third model is a combination of the first two models
as a robustness check of the results. The random-effects and
fixedeffects estimators in this paper follow the expression of
the standard panel data model:

RNEW%i;t ¼ αþ β1HDIi;t þ β2INSQi;t þ εi;t ð2Þ
RNEW%i;t ¼ αþ β1lnGDPpci;t þ β2lnFDIconsi;t

þ β3TOgdpi;t þ εi;t ð3Þ
RNEW%i;t ¼ αþ β1lnGDPpci;t þ β2lnFDIconsi;t

þ β3TOgdpi;t þ β4HDIi;t þ β5INSQi;t

þ εi;t ð4Þ
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where RNEW%is the dependent variable (share of renewables
in energy consumption), α represents the time-invariant nui-
sance parameter, GDPpc and FDIcons5 are in logarithmic
transformations, while HDI, TO, and DEM are not (see
Table 4); ε represents the independent and identical error term
distributed across the cross-sectional units i (countries) in time
t. The null hypothesis is [H0 : pi, j = pj, i = cor(εi, t, εj, t) = 0 for i-
≠ j] and the alternative hypothesis is [H1 : pi, j = pj, i ≠ 0 for i ≠
j] where pi, j is the Bproduct moment of the correlation coeffi-
cient of the disturbances^.

The Hausman’s specification test is used to compare the
random- and fixed-effects estimators:

H ¼ βFE−βREð Þ0 VFE−VREð Þ−1 βFE−βREð Þ ð5Þ

The Hausman’s test statistic (Eq. (5)) follows a chi-square
(x2) distribution under the null hypothesis that the difference
in coefficients is not systematic. βFE and βRE are the fixed- and
random-effects estimator’s coefficient vectors respectively,
and VFE and VRE are the fixed- and random-effects estimator’s
covariance matrices (Hausman 1978). Rejecting the null hy-
pothesis implies that the random-effects estimator is preferred.
The results are presented in the BEstimation of fixed and ran-
dom effects^ section.

Empirical analysis and results

Descriptive analysis of data

Studying the raw data series through descriptive statistics pro-
vides relevant information about the characteristics of the data
such as distribution, tendency, frequency, etc. The average of
RNEW% for the 21 countries for the span of 24 years (1990–
2013) is 62.7% of the final energy consumption, which is
much higher than not only the world average of 17.8% but
other regions of the world for the same time span, as Table 6
shows.

Table 7 shows the descriptive analysis for all the 21 countries
together. The average FDI6 for all countries under study is
US$− 500,000,000 echoed in all the sub-regions ofAfrica, which
means that the disinvestment of foreign investors was more than
the investments, which translates into limited technology spill-
over and limited transfer of labor and managerial skills.

The descriptive statistics for the countries in the Northern
African region from 1990 to 2013 are shown in Table 8. The
average GDPpc of the region, US$2482.72 (constant 2010) is

relatively high compared to the continent, with Tunisia having
a maximum of US$4196.757 which is the highest in the re-
gion. Egypt has the lowest average GDPpc in the region. This
region’s average HDI is the highest (0.61) in the continent.
Also, the region’s average renewable energy consumption
(12.76%) is low for the period under study compared to the
other regions. The level of democracy of the region averaging
5.2 means that the region is partly free in their PR and CL,
which does not foster free will and development of its popu-
lace. Considering the p value of the Jarque-Bera test, the null
hypothesis of normal distribution is rejected although some
variables in some regions are normally distributed. Thus,
overall, the variables under consideration are not normally
distributed.

Table 9 shows the descriptive statistics for the Western
African region. The average annual GDPpc at constant 2010
US$ and HDI of this region are the lowest in the continent,
US$650.64 and 0.39, respectively. The RNEW% of this re-
gion for the period of study (74%) is higher on average than
that of the continent (63%), and the level of democracy indi-
cates that the countries are free and partly free.

In Eastern Africa, Mauritius’ average GDPpc is the second
(US$5926.68) in the continent to South Africa (US$6425.37).
The country with the lowest GDPpc in the continent is
Burundi with US$250.39. The highest average renewable en-
ergy consumption as percentage of the total energy consump-
tion in the continent is observed in Burundi (95.63%). See
Table 10 for a detailed descriptive analysis of all the variables
for Eastern Africa.

Cameroon’s average GDPpc at constant 2010US$ is 1140.44
for the period of study (Table 11). The country is considered as
not free with regard to their average ratings of PR and CL (5.98),
and it has above average RNEW%.

The Southern African region descriptive analysis is shown
in Table 12. South Africa has the highest GDPpc
(US$6425.37) on the continent and their HDI (0.63) is second
to Tunisia.

5 As FDI takes a negative value for some observations, the same constant has
been added to all values to obtain a positive value and to be able to perform its
logarithmic transformation.

Table 6 Share of renewables in energy consumption

RNEW%

World 17.8

East Asia and Pacific 20.8

European Union 9.1

Latin America and Caribbean 29.2

North America 7.5

South Asia 50.8

21 African countries under study 62.7

6 The countries Egypt, Senegal, Sierra Leone, Togo, Burundi, Malawi,
Cameroon, Mauritius, Botswana, South Africa, and Swaziland have a positive
FDI for at least one year in the period of study. 7 The country level descriptive analysis is presented in the appendix.
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Unit root test

For robust statistical analysis, we use seven different panel unit
root tests. Breitung and Das (2005), Phillips and Perron (1988)
(PP), augmented Dickey-Fuller (ADF), (Dickey and Fuller
1979), Im et al. (2003) (IPS), Harris and Tzavalis (1999)
(HT), and Levin et al. (2002) (LLC) unit root tests have their
null hypothesis that panels contain a unit root against the alter-
native that panels are stationary. The null hypothesis of the
seventh test, Hadri (2000), states that all panels are stationary,
and the alternative states that some panels contain unit roots.
Therefore, rejecting the null hypothesis in the first six tests
implies that the panel is stationary, while in the seventh test
rejecting the null implies that some panels contain a unit root.

Table 13 shows the results of the unit root tests. The ma-
jority of the unit root tests fail to reject the null hypothesis at
level but reject the null hypothesis at first difference, at 10%
significance level. Thus, the results show that RNEW%, FDI,
GDPpc, HDI, DEM, and TO are stationary at their first differ-
ence. Therefore, the above variables are integrated of order
one (I (1)) and meet the statistical requirement for the
Westerlund cointegration analysis.

Panel causality estimation

Table 14 shows the results of the Granger causality test (aug-
mented version) where the null hypothesis is that the indepen-
dent variable does not Granger-cause the dependent variable.
The findings show that renewable energy consumption has a
bi-directional causality with GDPpc, TO, HDI, and DEM, for
at least one country. For the period under study, the causality
of FDI with RNEW% is unidirectional; thus, renewable ener-
gy consumption Granger-causes FDI in at least one of the
countries under study.

Estimation of fixed and random effects

Having satisfied the precondition that the variables under
investigation are integrated of order one (see Table 13), the
study proceeds with the estimation method using the fixed-
and random-effects estimators. The fixed-and random-ef-
fects models are estimated with RNEW% as the dependent
variable and lnFDIcons, lnGDPpc, TO, DEMrev, and HDI
as the independent variables. The DEM values are reversed
to ease the interpretation of results in the variable DEMrev.

Table 7 All countries descriptive
statistics Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 500,000,000 1756.69 0.4664 4.2019 62.6952 65.4874

Median − 83,657,529 841.44 0.4545 4.5000 79.2725 57.0292

Maximum 5.31E+09 8848.89 0.7690 7.0000 97.2914 170.4072

Minimum − 1.38E+10 204.77 0.1940 1.0000 5.5846 19.6842

Std. Dev. 1.48E+09 1952.77 0.1269 1.6181 30.4897 28.3976

Skewness − 5.0464 1.6174 0.2176 − 0.3289 − 0.6419 1.0927

Kurtosis 36.7815 4.6673 2.2857 1.7468 1.8257 3.7586

Jarque-Bera 26,104.14 278.13 14.69 42.07 63.56 112.37

Probability 0.0000 0.0000 0.0006 0.0000 0.0000 0.0000

Table 8 Northern Africa
descriptive statistics Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 1.54E+09 2482.72 0.6061 5.1875 12.7590 68.5296

Median − 7.36E+08 2373.06 0.6100 5.5000 14.1979 63.2820

Maximum 1.11E+09 4196.75 0.7220 6.0000 23.6188 115.3961

Minimum − 1.09E+10 1540.94 0.4580 3.0000 5.5846 38.3615

Std. Dev. 2.11E+09 719.81 0.0685 0.6578 4.2808 20.6644

Skewness − 2.6967 0.8620 − 0.3006 − 0.9409 − 0.0925 0.3482

Kurtosis 10.7918 2.9349 2.4101 3.8458 2.2805 1.9805

Jarque-Bera 269.4018 8.9297 2.1283 12.7691 1.6555 4.5734

Probability 0.0000 0.0115 0.3450 0.0017 0.4370 0.1016
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Now, a higher average rating means more freedom. There
are three estimations in this section (see the BFixed-effect
estimators and variance components model (random
effects)^ section). The first one (Eq. (2)) seeks to under-
stand the relationship between social factors (HDI and
DEM) and renewable energy consumption. The second
model (Eq. (3)) focuses on the relationship of economic
variables (GDPpc, FDI, and TO) with renewable energy
consumption. The last estimation (Eq. (4)) is run as a check
by bringing all the independent variables together except

for HDI because it is highly correlated with GDPpc (0.81
Pearson’s correlation coefficient).8 Figure 1 below depicts
the GDPpc and HDI for all the countries and years under
consideration. It can be seen that the relationship between
these two variables is positive and strong. The relationship
is mostly linear, except for Botswana, South Africa, and
Swaziland where GDPpc and HDI have a U-shaped rela-
tionship: Even though at the beginning the relation is

8 A table with the correlation coefficients is presented in the appendix.

Table 9 Western Africa
descriptive statistics Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 2.16E+08 650.6434 0.3892 3.7545 74.2585 64.3555

Median − 6.1E+07 609.9483 0.3950 3.5000 80.4642 60.2224

Maximum 5.36E+08 1633.494 0.5760 6.5000 94.9888 125.0334

Minimum − 3.29E+09 271.6896 0.2220 1.5000 40.4668 28.2780

Std. Dev. 5.58E+08 261.1697 0.0770 1.5014 15.6560 17.5574

Skewness − 4.2550 1.0266 − 0.045 0.1848 − 0.7461 0.8382

Kurtosis 21.47388 4.1240 2.5462 1.6284 2.1679 3.5045

Jarque-Bera 2895.9250 38.35532 1.4970 14.1254 20.4319 21.4554

Probability 0.0000 0.0000 0.4731 0.0009 0.0000 0.0000

Table 10 Eastern Africa
descriptive statistics Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 302,000,000 1270.47 0.43 4.35 79.45 56.73

Median − 41,041,270 471.28 0.42 4.50 88.03 49.17

Maximum 989,000,000 8848.89 0.77 7.00 97.29 137.11

Minimum − 13,800,000,000 204.77 0.19 1.00 11.44 19.68

Std. Dev. 1,190,000,000 2006.52 0.13 1.62 23.59 29.66

Skewness − 9.3763 2.3718 0.77 − 0.41 − 1.92 1.37

Kurtosis 102.5367 7.3752 3.18 2.20 5.34 3.86

Jarque-Bera 71,814.45 291.50 16.66 9.25 141.22 58.02

Probability 0.0000 0.0000 0.0002 0.0098 0.0000 0.0000

Table 11 Central Africa
descriptive statistics (Cameroon) Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 199,000,000 1140.44 0.4560 5.9792 82.9146 41.3999

Median − 79,405,862 1171.45 0.4520 6.0000 84.4055 40.5056

Maximum 128,000,000 1270.78 0.5070 6.5000 86.1299 52.3421

Minimum − 810,000,000 994.64 0.4330 5.5000 77.5126 31.7452

Std. Dev. 280,000,000 77.18 0.0230 0.2322 2.7535 4.6738

Skewness − 1.1752 − 0.5015 0.9238 − 0.1679 − 0.7969 0.4096

Kurtosis 3.0587 2.3810 2.6437 4.7689 2.1060 3.2012

Jarque-Bera 5.5278 1.3893 3.5404 3.2420 3.3396 0.7116

Probability 0.0630 0.4993 0.1703 0.1977 0.1883 0.7006
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negative, it eventually turns to be positive as GDPpc in-
creases. Analyzing all the countries and years together, it
can be observed that a small change in GDPpc has a very
strong effect on HDI until a GDPpc circa $1400 (that cor-
responds to an HDI circa 0.55). Above this value, an in-
crease in GDPpc has a smaller—although still important—
effect on HDI. This is in line with Arto et al. (2016) results:
HDI increases when GDP increases in countries with low
levels of GDPpc; but in countries with higher levels of
GDPpc, the relation is weaker. All the countries included
in this study have low levels of GDPpc, explaining why the
correlation between HDI and GDP is so strong (0.81
Pearson’s correlation coefficient).

Tables 15, 16, and 17 show the estimation results which are
interpreted at 10% significance level. The Hausman’s specifi-
cation test was used as a post-estimation method to compare
the fixed- and random-effects estimates. According to the
Hausman’s test (Tables 15, 16, and 17), the null hypothesis
of Bdifference in coefficients is not systematic^ cannot be
rejected. Hence, the random-effects model estimate is deemed
appropriate in interpreting the results.

The robust statistical analysis results from the random-
effects model in Table 15 show that an increase in HDI by
0.1 points reduces renewable energy consumption by 5.1 per-
centage points (pp). The nexus between RNEW% and the
level of democracy is not statistically significant.

The results from the random-effects model in Table 16
show that a 1% increase in GDPpc reduces RNEW% by
0.2 pp. A 1% increase in FDI increases RNEW% by
0.002 pp. Trade openness does not have a statistically signif-
icant effect on RNEW%. The results of Table 17 concur with
those from Tables 15 and 16.

Discussion

This article analyzed the relationship between the share of
renewables in energy consumption and social (HDI and
DEM) and economic (GDPpc, FDI, and TO) variables.

Regarding HDI, a higher HDI implies higher life expectancy,
better education, and higher income (GDP per capita).
Therefore, if a country has a higher HDI, its populace, on
average, would be provided with better living standards that
could drive their decisions to protect their environment. Thus,
one might expect to observe a larger share of renewables in a
country’s energy consumption if the country has a higher HDI.

However, our econometric results and Fig. A.2 in the ap-
pendix show otherwise.9 We find that a higher HDI in Africa
reduces renewable energy consumption. This finding can be
explained by the review of the 21 countries which shows that
most of the renewable energy consumed is obtained through
Btraditional^ methods such as burning wood for cooking (see
the BBrief background information on Africa and the conti-
nent’s energy miX^ section and Owusu 2018). Therefore,
with a higher HDI, the traditional methods of renewable en-
ergy consumption will decline and an increase will be ob-
served in the use of modern methods utilizing fossil fuels
(e.g., LPG for cooking). It will also increase the number of
automobiles that run on fossil fuel, and industries will be
developed. Considering the economic status across the conti-
nent and the low electrification rates, traditional energy usage
is a relatively cheaper option compared to advanced renew-
able energy technologies, hence the observed reduction in
renewable energy consumption with an increase in HDI.

Regarding the economic variables, it is observed that eco-
nomic growth reduces renewable energy consumption. This
can be discussed from two viewpoints: first, one of the goals
of most developing and underdeveloped countries is to grow
economically. As energy drives economic growth and fossil
energy is a cheaper option, its consumption will be increased
to promote income growth. Secondly, growth in income
(GDP) can prompt the populace to seek more efficient
options and reduce the use of traditional methods of

9 Figure A.2 in the appendix shows the relationship between HDI and
RNEW% for all the countries and years under study. It shows a negative
relationship between these two variables for all the countries except Rwanda
and Swaziland where the relationship is positive, and Burundi and South
Africa where the relationship is extremely weak.

Table 12 Southern Africa
descriptive statistics Statistic FDI GDPpc HDI DEM RNEW% TO

Mean − 6.82E+08 4951.37 0.5886 3.3333 39.8255 93.5600

Median − 79,307,850 5035.34 0.5885 2.5000 34.9580 93.2600

Maximum 5.31E+09 7617.82 0.6970 6.0000 92.2630 170.407

Minimum − 1.20E+10 2692.12 0.4920 1.5000 15.5799 37.4875

Std. Dev. 2.36E+09 1548.63 0.0558 1.8193 22.4148 35.9823

Skewness − 2.8184 0.0767 − 0.0096 0.4630 0.8152 0.1650

Kurtosis 13.8029 1.7306 1.9099 1.3987 2.7894 2.0353

Jarque-Bera 445.4308 4.9044 3.5658 10.265 8.1067 3.1186

Probability 0.0000 0.0861 0.1681 0.0059 0.0174 0.2103
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renewable energy. The shift is capital intensive; hence, the
percentage of renewable energy consumption declines. Our
findings contradict those of Sadorsky (2009a) for the G7
countries who obtains that GDP per capita is a driver of re-
newable energy usage. As can be seen in Fig. A.1 in the
appendix, the relationship between GDPpc and RNEW% is
negative for all the countries except Rwanda, where the rela-
tionship is positive but weak. The difference with Sadorsky
(2009a)’s finding can be explained by the fact that the G7
countries are developed while most African countries are still
developing. Therefore, after some point, with increased in-
come (GDP growth) on the African continent, an increase in
the use of Bmodern^ renewable energy can be expected.

On the other hand, Salim and Rafiq (2012) obtain the same
finding as Sadorsky (2009a) for emerging countries.
However, it should be noticed that while those papers focus
on renewable energy consumption per se (in absolute values),
we consider the share of renewable sources in total energy
consumption. An increase in renewable energy consumption
does not imply an increase in its share as long as the consump-
tion of non-renewable energy increases at a higher rate.

The above-mentioned negative relationships between HDI
and RNEW%and between GDPpc and RNEW%explain why
we observe that the average share of renewables in energy
consumption in the continent is much higher than the world
average (see Table 6). The fact that Africa contains many low-
income level countries, as reflected in Table A.1 in the
Appendix, makes it a continent which consumes energy pro-
duced mainly from traditional renewable energy sources.

The relationship between renewable energy consumption
and foreign direct investment inflows is positive. As such,
foreign direct investment can be considered as a factor affect-
ing renewable energy consumption. Foreign direct investment
can lead to an improvement in renewable energy technologies
in Africa. Therefore, sustained growth in foreign direct invest-
ment inflows might assist the region in the achievement of a
long-term reduction in climate change-related outcomes while
promoting sustainable development.

Conclusions and policy recommendations

This paper examined factors affecting renewable energy con-
sumption in Africa by considering the nexus between renew-
able energy consumption and some social and economic fac-
tors. The main empirical findings are that the share of renew-
ables in the energy mix is negatively correlated to GDPpc and
HDI, and positively related to FDI. The causality tests show
that there is bi-directional causality between GDPpc, FDI,
HDI, trade openness, the level of democracy in a country,
and the share of renewables in energy consumption, except
for foreign direct investment that shows a unidirectional
causality.Ta
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Table 14 Granger causality panel
test results Variable Coef. P value Direction of causality

lnRNEW%/lnGDPpc 9.4452 0.0000 Bi-directional
lnGDPpc/lnRNEW% 4.0959 0.0000

lnRNEW%/lnFDIcons 1.1254 0.2604 Unidirectional RNEW%→ FDI
lnFDIcons/lnRNEW% 8.6568 0.0000

lnRNEW%/lnHDI 7.7494 0.0000 Bi-directional
lnHDI/lnRNEW% 10.6589 0.0000

lnRNEW%/lnTO 4.9057 0.0000 Bi-directional
lnTO/lnRNEW% 4.9057 0.0000

lnRNEW%/lnDEM 2.4159 0.0157 Bi-directional
lnDEM/lnRNEW% 5.3642 0.0000

Fig. 1 GDPpc and HDI

Table 15 Robust fixed-effects
regression and random-effects
GLS regression of social variables

RNEW% Fixed.-effects Random.-effects

Coef. Robust
Std. Err.

t P > t Coef. Robust
Std. Err.

z P > z

HDI − 42.7247 23.6881 − 1.80 0.0860 − 51.0526 23.6137 − 2.16 0.0310

DEMrev − 1.2562 0.9418 − 1.33 0.1970 − 1.1458 0.9138 − 1.25 0.2100

_cons 87.3925 11.0091 7.94 0.0000 90.8570 11.1952 8.12 0.0000

sigma_u 25.5636 15.5355

sigma_e 6.6769 6.6769

rho 0.9361 0.8441

R-sq (overall) 0.6108 0.6322

Cluster-Robust
Hausman test

chi2(2) = 4.12

Prob > chi2 = 0.1277
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Although renewable energy consumption has a positive
effect on the environment, most of the renewable energy con-
sumed in Africa is through Btraditional^ methods which is
being replaced by Bmodern^ but fossil-fuel-based energy.
Considering our empirical findings, it is recommended that
policymakers improve their efforts in educating their populace
on the use of Bclean^ renewable energy and energy efficiency.

Secondly, development cooperation (such as World Bank
partnership with recipient governments) should research into
clean and modern renewable energy alternatives that are af-
fordable and reliable in Africa. Such cooperation is important
since, as pointed out by Marques and Fuinhas (2012), the
switch to modern renewable sources is lengthy and needs very
large investments, which most of the African countries cannot
afford by themselves.

Thirdly, African countries should also accelerate the imple-
mentation of policies and incentives to increase the supply of
energy from modern renewable sources, to stimulate the

switch from traditional renewable energy to modern
renewable energy. As Sadorsky (2009b) points out, countries
that have stronger policies implemented to encourage renew-
able energy consumption are the ones that enjoy higher
growth rates of consumption of such sources.

Finally, economic policies that can promote income growth
to a level where it may actually foster modern renewable en-
ergy consumption and policies to attract foreign direct invest-
ment are recommended, since we found that FDI is positively
related to renewable energy consumption.
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