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a b s t r a c t

One of the major indicators of social and economic development of a nation is energy. The global
development in energy production has so grown that there are currently less than a billion people
without access to electricity. However, Africa has again been left out of this mundane progress while Asia
with about the same energy dilemma was able to provide electric energy to 375 million of its citizenry
between 2011 and 2017. Meanwhile, India, Bangladesh, and Indonesia were all able to provide over 80%
electrification rates to their teeming population. Though some levels of improvement have been wit-
nessed in Africa’s electrification projects up to about 43%, the slow pace of development in comparison
with other parts of the globe is very worrisome especially due to the ever-increasing human population
being witnessed across the African continent. This explains why yet over 600 million African are still
living without access to electricity. Therefore, this paper examines the past and current status of bio-
energy development across Africa while advocating for the inclusion of bioenergy in the African future
energy projection due to their immense potentials to transform the continent. Africa stands a chance of
becoming a major player in the global energy market.

© 2020 Elsevier Ltd. All rights reserved.
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1. Background

Energy availability is a major factor in national development
especially in terms of production and adequate distribution of
affordable, renewable and sustainable environment-friendly en-
ergies (Jain and Jain, 2017; Shane et al., 2017; Ye et al., 2016). This
critical factor stands as one of the major challenges faced in most
developing countries of Africa where a high percentage of the
populace relies perpetually on hazardous practices such as direct
burning of biomass and animal dungs in order to obtain energy for
cooking and heating (Chirambo, 2016; Kamp and Bermúdez Forn,
2016; Mengistu et al., 2016). The resultant effects of this are
much and chief among them is the low per capita energy con-
sumption of 681 kgoe acrossmost Sub-Saharan African countries as
against the 1,890 kgoe obtainable from developed nations (Abadi
et al., 2017; Mungwe et al., 2016; Piker et al., 2017). Another ma-
jor challenge characterizing the unavailability of renewable en-
ergies is poor economic and social development coupled with
enormous environmental degradation to alarming state in some
communities (Giwa et al., 2017; Ohimain and Izah, 2017; Russo and
von Blottnitz, 2017).

African countries are rich in crude oil and this has made fossil
fuels the bulk of energy provider across the continent (Canabarro
et al., 2013; Liousse et al., 2014). Large deposits of crude oil, tar
sands, natural gas and coal abound in some African countries
especially in Nigeria (Farooq et al., 2016; Ohimain, 2013). At the
same time however, the continent is highly endowed with diverse
species of energy-rich plants and other bioresources besides re-
newables such as hydro, solar, wind and a host of others. There is
therefore a regional quest for the generation and sustained distri-
bution of renewable fuels especially over the last two decades (Qi
et al., 2005; Rahman et al., 2017; Su et al., 2016). This new drive
encompasses primarily fuels from renewable sources and they
include biogas, biodiesel, bioethanol and other platform biochem-
ical produced from agricultural, domestic and industrial resources
and with the application of simple and indigenous technologies
(Mungwe et al., 2016). Of these fuels, biodiesel and especially bio-
ethanol have even been commercialized in some countries and are
seen as reliable, abundant, easily accessible and economically
feasible renewable energies (Alfa et al., 2014a,b; Schouten and
Mathenge, 2010). If well managed, these renewable and clean
fuels will improve both agricultural productivity and environ-
mental sustainability across the continent (Estoppey, 2010;
Owamah et al., 2014a). Considering the highly dispersed nature of
most rural settlements across Africa, grid connection and subse-
quent electricity supply are technically difficult and expensive
(Muller, 2007; Owamah et al., 2014b). This has therefore given the
impetus to invest into and disseminate cheap, feasible and decen-
tralized renewable energy facilities into most rural areas
(Efeovbokhan et al., 2018). The major challenges with these alter-
native energies however include huge economic investment and
technical know-how considering the low level of human capital
development and capacity building in Africa (Rahman et al., 2017).

Generally, energy generated from the above bioenergies are
very potent in reducing atmospheric methane emissions (Weiland,
2006). To this extent, many studies have proved the efficiency of the
technologies for producing these bioenergy thereby managing
organic wastes using an environmental-friendly and cost-effective
approach (Cheng et al., 2014; Murphy et al., 2011). Despite huge
successes recorded coupled with availability of raw materials and
favorable conditions for the generation of bioenergy across many
climates globally, African countries have experienced a major
setback over the decades owing largely to (i) absence or poor
government policies in support of technologies for bioenergy
generation, (ii) information deficit on the economic viability of
available biomass and waste resources, (iii) lack of technical-know-
how in the design and construction of plants/digesters, (iv) poor or
wrong operation and maintenance culture and (v) poor after sale
service (Bensah et al., 2010). Besides, there are many other factors
affecting the development, promotion and adoption of bioenergy
technologies in Africa which include social (Arthur et al., 2011;
Katuwal and Bohara, 2009; Nzila et al., 2012), economic (Dahunsi
et al., 2017a; Dahunsi et al., 2018a), technical (Dahunsi et al.,
2018b; Gwavuya et al., 2012) and organizational factors (Martin
et al., 2011). There is therefore need for appropriate government
policies and implementation plans toward the adoption of bio-
energy technologies across African nations.

Up till now, about 95% of the populace in developing countries
culminating in almost haft of the global population still depend
biomass, wood, coal, animal dungs, agricultural residues, and other
solid wastes as their primary energy sources (Dahunsi et al., 2019a).
To this effect, the World Health Organization (WHO) has arrogated
increasing death rate (about 4.3 million annually) and illnesses
especially malaria and tuberculosis to indoor air pollution as a
result of using these wastes for cooking and heating (Dahunsi et al.,
2019b). This is besides the fact that using biomass for cooking is a
veritable source of CO2 thereby contributing to the incidence of
climate change and global warming alike (Surendra et al., 2014).
Therefore, one of the major factors that trap a household into a
cycle of illness and extreme poverty is lack of access to modern
energy facilities.

To combat this ugly scenario therefore, there should be provi-
sion of improved energy systems which includes small-scale bio-
energy technology which when implemented will also improve
respiratory health of the populace besides combating the menace
of climate change (Abila, 2014; Mwirigi et al., 2014). To this effect,
many organizations such as the World Bank, the United Nations
Secretary-General’s Advisory Group which focuses on energy and
climate change issues, the Sustainable Energy for All, the East Af-
rican Community, the United Nations Foundation Global Alliance
for Clean Cookstoves, the Economic Community of West African
States and the United Nations Commission on Sustainable Devel-
opment and many other national and international bodies have
continually advocated a permanent solution to household energy
crisis thereby creating more access to improved energy (Abadi
et al., 2017).

Moreover, fostering of human development and the ultimate
protection of human and environmental health all hinge on



Table 1
African countries with biogas producing digesters.

Region Country Number of digesters

North Egypt 288
Sudan 322
Morocco 122
Tunisia 60

Total ¼ 792
South Botswana 155

Lesotho 50
Malawi 9
South Africa 322
Swaziland 162
Zimbabwe 133

Total ¼ 831
West Burkina Faso 2023

Ghana 167
Cote D’Ivoire 145
Nigeria 68
Senegal 434
Cameroon 179
Benin Republic 62

Total ¼ 3,078
East Burundi 413

Ethiopia 5211
Kenya 6849
Rwanda 2829
Tanzania 5280
Uganda 3089
Zambia 32

Total ¼ 23,703

Source: Abadi et al. [9].
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unrestricted access to modern energy services. This is without
prejudice to the crucial role of quality energy provision will play in
achieving the 2030 Sustainable Development Goals (SDGs), most
especially goal number 7 which emphasis the provision of afford-
able and clean energy (Dahunsi et al., 2019, Dahunsi et al., 2019d).
When achieved, access to modern energy systems will become an
instrumental right to the over 2.6 billion humans’ currently lacking
access to clean energy and sustainable cooking facilities and who
use traditional biomass and other solid wastes as alternatives ul-
timately leading to ill human and environmental health (Avery
et al., 2014; Mandelli et al., 2014; Okello et al., 2013).

2. Methodology

All the materials used in this review are research, review and
other print and online materials/articles previously published in
reputable journals and which have authoritatively reported past
and recent trends on the bioenergy status across African countries
especially within the last decade. A careful look at these publica-
tions showed a lack of concise information on the linkage between
the past, current and future achievements and prospects of bio-
energy technologies in Africa. This necessitated the sorting and
careful compilation of the important information showing the
extent of adoption of these technologies in Africa and also to project
on the way forward to a robust and environmental-friendly bio-
economic future for the continent hence this review.

3. The rationale for bioenergy production in Africa

Most African countries are fast adopting bioenergy technologies
and this is because of the urgent need to find suitable alternatives
to fossil fuels which is currently the most widespread source of
energy. Over decades now, more advanced continents like North
and South Americas, Europe and Asia have established commend-
able levels of research and development in bioenergy production
and application. This is largely premised on the understanding that
fossil fuels will go into extinction someday. Among the globally
embraced energy sources nowadays, fuels generated from diverse
bioresources are gaining considerable attention and such fuels have
been and will continue to find applications in cooking, heating, as
vehicular fuels, in jet engines among many others. It is therefore
pertinent for Africa to be integrated into the main stream of bio-
energy producing continents and this will engender qualitative
societal developments more so that Africa is much blessed with
favorable climate, fertile soils, enormous land mass and other
environmental-friendly resources which are vital in driving the
technology (Romeu-Dalmau et al., 2018). Another major advantage
Africa has is population being the most populated continent in the
world after Asia and makes up about 10% of global population
(Amigun et al., 2008). This is very vital and have led to the massive
consideration of bioenergy mainly biodiesel, biogas and bioethanol
as veritable substitutes for crude oil in the continental energy
sector (Ohimain and Izah, 2017; Russo and von Blottnitz, 2017;
Shane et al., 2017).

Twomajor steps are involved in bioenergy developments which
are (i) creation of required ambience for the actual production of
fuels from different resources and (ii) implementing sustainable
means of consuming the produced fuels. It is common to see
massive bioenergy processing plants across nations of Africa
nowadays while the security of energy production andmarketing is
also being adequately ensured (Dahunsi et al., 2016a; b). Besides,
the massive increase in energy consumption across nations of Af-
rica due to sporadic population surge is a yardstick to judge that its
time the continent fully embrace the production and sustainable
distribution of renewable and environmental-friendly bioenergies
mostly from wastes and biomass (Dahunsi and Oranusi, 2013;
Dahunsi et al., 2017b, c; Maqhuzu et al., 2017). Research on bio-
energy generation has been growing at a slow pace across Africa
and the few ones conducted only utilized few of the available re-
sources whereas the very important aspect of evaluating the
inherent structural, physical and chemical components of the
different biomass and wastes have not been given due attention
even though most of them are available year-round. Among the
mostly utilized materials for bioenergy research are human and
animal excreta, peels of fruits, plant residues and household wastes
(Austin and Morris, 2012; Betiku et al., 2016; Nigam and Singh,
2011). Only few succulent plants have been exploited for bio-
energy production so far (Alfa et al., 2012, 2013a,b; Saladini et al.,
2016).
4. Bioenergy development in Africa

Over the last few decades, some significant efforts have been put
in place towards the establishment and application of bioenergy
technologies across some African countries. This has seen lots of
activities executed at individual, institutional, national, regional
and international level. However, there seems to still be lots of gaps
to be covered in order to measure up to the state of development
being witnessed in the Americas, Europe, Asia and even in India
Sub-Continent (Bryant and Romijn, 2014). Several reports have
highlighted the major problem of the African region to include
scarcity or unavailability of suitable bioenergy feedstock due to
unimproved agricultural practices (Peterson et al., 2017). A leading
bioenergy that has gained wide acceptance in Africa though at a
slow pace is biogas as shown in Table 1. The table shows that very
few have installed biogas facilities as a proof of acceptance of the
technology as at the year 2005 which is far lower than the situation
in other regions of the world (Austin and Morris, 2012). This
shortfall led to the launch of a new initiative in 2007 in geared
towards the massive installation of biogas plants to the tune of 2
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million households units by 2020 (Basha et al., 2009; Blanchard
et al., 2011; Landi et al., 2013). Three years after this move, about
4,000 biogas plants have been installed across Africa especially in
Tanzania but 40% of these numbers eventually failed because of
poor planning and construction, lack of basic community aware-
ness, poormaintenance practice and lack of technical knowledge by
users (Graef et al., 2014).

4.1. Drivers of bioenergy development in Africa

The 21st-century development is having a great impact on Af-
rica as evident in economic growth and several milestone trans-
formations across the countries. This is beside the ever-increasing
human population reputed to have the highest increase rate glob-
ally. Perhaps the most obvious phenomenon is Africa’s abundant
resources that remain grossly untapped and unexploited thereby
making the continent a formidable attraction for investment and
massive renewable energy development. Besides, the economies of
scale have been unlocked and substantial benefits are being offered
in various forms including the creation of multiple local value
chains, waste management opportunities, innovations in waste-
water recycling and water treatment for portability, security in
energy provisions and environmental sustainability. Africa
currently stands a chance as a major player in the global energy
market due to the recent global energy crisis and economic melt-
down which has created a platform for showcasing her numerous
resources for bioenergy generation across the continent and for
export (Avinash et al., 2014; Nigam and Singh, 2011). The other
drivers of bioenergy development in Africa include volatile fuel
price hikes, utilization of agricultural surpluses, and massive
employment creation (Conigliani et al., 2018; Pradhan and
Mbohwa, 2014; Scott et al., 2010).

4.2. Challenges of development

There numerous challenges preventing the development of
bioenergy in Africa most of which are economic, social and security
related. These include conflicts with food production, security,
prices of commodities, biodiversity loss and environmental
degradation as a result of changes in land use. If these issues are
addressed and proper bioenergy technologies are implemented,
the continent has a great potential for producing bioenergy for both
domestic and international markets (Amigun et al., 2011; Ishola
et al., 2013; Mohammed et al., 2017; Scott et al., 2010;
Tatsidjodoung et al., 2012). In the past decades, there has been a
growing interest for bioenergy establishment and expansion in
Africa but this has been slowed because of unavailability of suffi-
cient agricultural land for bioenergy production. This equally
affected the EU’s 2020 plan of meeting 10% of her transportation
fuel needs with renewable energy (Gasparatos et al., 2015).

Besides the above, development and expansion of available
bioenergy programs in Africa has been hindered by strong but non-
favorable government policy imperatives and vested interests by
different stakeholders ranging from governments at all levels
(Local, state, national and international), multi-national agencies,
non-governmental organizations (NGOs) to the organized private
sector. The effects of these interests are a dictatorship in feedstocks
selection and usage with the most contentious ones being Jatropha
and sugarcane. Other effects are the feedstock production models
i.e. large plantations, smallholder or out-grower schemes and the
determination of end uses which in most cases goes into cooking
and heating, transportation and electrification, especially at the
rural level. Another critical factor limiting bioenergy expansion in
the continent is imminent environmental and socioeconomic im-
pacts which include greenhouse gas (GHG) emissions especially
methane and carbon monoxide, soil, water, and air pollution
culminating in the incidence of global warming and climate change,
deforestation and loss in biodiversity. All these factors have become
critical in Africa due to lack of sustainable environmental and waste
management facilities. Therefore, these factors are of immense
magnitude, context-specific and vary absolutely across the different
countries (Mungwe et al., 2016). Generally, the major influencers of
African bioenergy projects in relations to environment, social and
economic status include:

a. Feedstock availability, selection, and efficiency in use,
b. Methods and technologies adopted for bioenergy production

and their subsequent usage,
c. The land tenure or usage and the agricultural methods of

feedstock production
d. The site availability and selection for bioenergy production

purposes,
e. Establishment of the adequate value chain and the life-cycle of

the bioenergy,
f. Adequate production and marketing policies

When these factors are viewed holistically, it is reasonable to
conclude that bioenergy adoption has performed below expecta-
tions in the continent (Atabani et al., 2012). For example, the much
proclaimed Jatropha biodiesel project has not been performing as
expected in most countries while ethanol production from sugar-
cane is yet to make an impact despite years of investments. Till
now, only few rural households have access to bioenergy for
cooking and heating while most people relies on direct burning of
local materials and crops residues e.g. maize cobs and plant cereal
stalks and animal dung in order to meet their day to day energy
requirements. The World Health Organization has estimated that
currently, about 85% of the African populace rely on fuels from
direct biomass combustion while 75% obtains their household en-
ergy fromwood (World Health Organization, 2000). In this regard,
biomass resources for direct combustion may still form the major
and easily accessible energy means in the continent. Therefore, the
priority areas that require urgent attention if bioenergy projects
will stable and sustainable in Africa are:

a. Formulation of favorable policies on bioenergy production as
well as alignment regulations for stakeholders,

b. Development of competitive business environments for bio-
energy and their allied products/derivatives;

c. Establishment of appropriate expertize in the selection of suit-
able feedstock;

d. Introduction of high-level technical know-how into the bio-
energy sector;

e. Prevention and eradication of unethical and predatory
behaviors;

f. Internalization of environmental sustainability mentality in
stakeholders in the bioenergy sector;

g. Instituting appropriate land tenure systems and protection in
the bioenergy sector;

h. Minimization/reduction in foodefuel competition;
i. Eradication of harmful environmental practices;
j. Promotion of fuels end uses that promote social and environ-
mental benefits.

k. Establishment of appropriate health scheme/policy for bio-
energy workers and users

5. The past decades on bioenergy expansion in Africa

Over the last four decades, Southern Africa has enjoyed the
smooth operation of the sugar industry which stood out as a
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formidable enterprise among the few agro-industries enjoying the
suitable climate and this provided a very good competitive
advantage over other industries (Gasparatos et al., 2015). This went
on successfully with high yield and proceeds until the eruption in
bioenergy hype. A similar scenario has been ongoing in Malawi
which is among the few countries that in the 80s pioneered bio-
ethanol production from sugarcane molasses for the purpose of
transportation in which the produced bioethanol goes into a blend
with gasoline at 1:9 ratios. Up till now, the Malawian government
has not instituted a legal framework on the blending. Similar sug-
arcane bioethanol projects were ongoing in Mozambique which
gives an indication that the project is cost-effective and suitable for
the climatic situation of the continent. However, lots of basic in-
frastructures need to be in place to foster continuity and profit-
ability of the venture (Blanco et al., 2017).

Malawi pioneered the blending of bioethanol with gasoline on
the African continent in 1982 and this grew to be a functional and
stable venture setting a pace for other African countries to follow
(Johnson and Matsika, 2006). Many countries have since then
started numerous bioenergy projects mostly via government
sponsorships as the case was in Ethiopia. Others started through
the combined efforts of the private sector and individual organi-
zations as evident in the Mozambique bioenergy projects (Romeu-
Dalmau et al., 2018). As this wave swam across Africa, awareness
increased tremendously, and the rate of acceptance among the
stakeholders and end-users was high mostly due to the potentials
of bioenergy to serve as a reliable alternative to fossil fuels which
has formed the major source of energy across the countries. Be-
sides, bioenergy stand a great chance in abating environmental
pollution due to the constant release of greenhouse gasses from
various industrial and processing operations and the transportation
sector. To this extent, most African countries dived into the bio-
energy business with the motive that the investment will boost
their economies, bring about spontaneous developments and
alleviate if not totally eradicate poverty. Till now, bioenergy are still
receiving significant discussions at the legislature of governments
while enormous investments are ongoing in the private sector on
the development opportunities for bioenergy (Alic, 2015).

Another major interest of most African countries investment is
the struggle to liberate their dangling economies from the over-
dependence on crude oil business which has reduced the over-
arching chances of competition and authority. Renewable energies
are being seen as a possible replacement for fossil fuels especially in
automobiles and other internal combustion engines when used
either pure form or blended with gasoline. A bioenergy economy is
equally an opportunity to boost agriculture by utilizing the enor-
mous but underutilized arable land across the countries
(Tatsidjodoung et al., 2012). Besides, the residues from bioenergy
systems can be further processed to form organic fertilizers and soil
conditioners with high capacity to increase soil nutrients and
beneficial microorganisms.

The international communities are also aware and have taken a
strong interest in bioenergy adoption and development in Africa.
Enormous foreign investments have been on the increase since
2005 in some Africa countries where the vast expanse of land is
acquired for bioenergy production purposes thereby improving the
economic situations in those countries. A good number of investors
have become major players in African bioenergy projects as they
see it to be a lucrative enterprise with high chances of competing in
the global fuel/energy markets. Of note are the activities of the
European Union (EU) after the EU Renewables Directive 2009/28/
EC (EU-RED) was ratified (Bracco, 2015; Harvey, 2014; Philbrook
et al., 2013). In order to meet up with the demand of the EU bio-
energy blending program, African feedstock and bioresources are
becoming highly valued commodities for export should there be
insufficiency in bioenergy generation from European countries
(Belward et al., 2012). Another major player apart from the EU is the
Southern American bioenergy giant, Brazil with her decision to
internationalize the ethanol industry. In this regard also, Africa is a
formidable force to reckon with in the area of biomass supplies
(Gasparatos et al., 2015; Johnson and Matsika, 2006; Renzaho et al.,
2017).

Further, on the international scene, the EU, USA, Canada and
Asian giants such as China and Japan have consistently debated the
technologies, strategies and best practice options in expanding
bioenergy development beyond their borders. Besides many other
factors, these continuous moves have been fuelled by the ever-
increasing issues of environmental degradation accrued to the
use of fossil fuels which has led the world to the current ugly
menace of global warming and climate change. Other major factors
include the quest to strengthen the energy policies, production, and
distribution across countries in order to reduce the middle east’s
monopolistic dominance in the global oil market and to bring
stability to prices of fuel/energy (Dahunsi 2019a). In all these, Africa
stands the chance of gaining themost as most attention are focused
on the continent in order to intensify efforts to raise the awareness
and development of bioenergy with the long term benefits of
economic and social development.

6. Africa’s electrification; luxury or necessity

Electricity as a form of energy plays a major role in the devel-
opment of a nation or continent. The global development in energy
and electricity production and distribution has so grown that there
are currently less than a billion people without access to electricity.
This achievement was made possible by the significant efforts
made in the year 2017 the outcome of which saw well over 120
million of the global populace gaining access to electricity. How-
ever, Africa has again been left out of this mundane progress while
Asia with about the same energy dilemma was able to provide
electricity to 375 million of its citizenry between 2011 and 2017.
Over the same period, India, Bangladesh, and Indonesia were all
able to provide over 80% electrification rates to their teeming
population. Though some levels of improvement have been wit-
nessed in Africa’s electrification projects up to about 43%, the slow
pace of development compared to other regions of theworld is very
worrisome especially due to the ever-increasing human population
being witnessed across the African continent. This explains why yet
over 600 million African are still living without access to electricity.
Perhaps, the massive and continuous population increase and slow
electrification process may likely hunt Africa for the next few de-
cades judging by the present situation.

Besides the population, the rate of electricity providers across
the different African countries differs at an alarming proportion as
shown in Table 2. North Africa nations have been at the forefront in
providing access to their citizens as seen in countries like Egypt,
Algeria, Morocco, Libya, and Tunisia with over 90% electrification
rate. As a matter of fact, Egypt and Mauritius are the only two
countries with 100% access. In the west, Nigeria and Gabon
alongside South Africa belong also have up to 90% or more while
not less 15 other countries have below 25% access rates. As shown
in Fig. 1, 13 countries are still having less than 50% of their populace
lacking access to electricity. The situation is critical in countries
such as Ethiopia, Angola, and Sudan which are among the largest
economies in the continent and where more people live without
access to the power grid. However, East African countries stand out
as the least region in terms of electricity access provision (Fig. 2).
Currently, Africa’s energy comes from different sources (Fig. 3). For
Sub-Saharan Africa as a whole, according to the World Bank,
sources like coal, gas, hydroelectric, and oil accounts for 38, 31, 18



Table 2
Electricity rates and accessibility among African countries.

Region Country Electricity rates in kWh Total population in 2017 Population without access to electricity Population without access to electricity (%)

Central DR Congo 11.1 81,340,000 12,700,000 16
Congo 37.1 5,261,000 2,300,000 44

North Egypt 42.0 97,550,000 0 0
Sudan 35.9 40,530,000 27,100,000 67
Morocco 11.02 35,740,000 0 0
Tunisia 10.0 11,530,000 23,060 0.2

South Botswana 45.4 2,292,000 1,100,000 48
Lesotho 16.0 2,233,000 1,700,000 76
Malawi 9.0 18,620,000 12,700,000 68
South Africa 9.4 56,720,000 7,940,800 14
Swaziland 15.0 1,367,000 467,651 34
Zimbabwe 41.5 16,530,000 7,300,000 44
Mozambique 11.7 29,670,000 20,200,000 68
Namibia 34.0 2,534,000 1,400,000 55

West Burkina Faso 14.6 19,190,000 12,600,000 66
Ghana 60.5 28,830,000 9,400,000 33
Cote D’Ivoire 47.3 24,290,000 11,100,000 46
Nigeria 50.6 190,900,000 76,800,000 41
Senegal 42.2 15,850,000 7,300,000 46
Cameroon 48.7 24,050,000 10,000,000 42
Benin Republic 24.8 11,180,000 6,700,000 60
Togo 20.0 7,798,000 5,300,000 68
Gabon 36.7 2,025,000 900,000 44

East Burundi 5.0 10,860,000 10,317,000 95
Ethiopia 17.1 105,000,000 68,700,000 65
Kenya 15.6 49,700,000 33,400,000 67
Rwanda 51.0 12,210,000 8,623,923 71
Tanzania 13.9 57,310,000 37,700,000 66
Uganda 9.0 42,860,000 28,100,000 66
Zambia 18.8 17,090,000 10,500,000 61

Islands Madagascar 19.0 25,570,000 15,900,000 77
Mauritius 99.4 1,265,000 15,433 1.2

Source: World Bank [128].

Fig. 1. African countries with majority living without electricity.
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and 10% of electricity supplies respectively. In some countries,
however, there are differences e.g. 62% of Nigeria’s electricity is
from gas, while 46% of Kenyan’s is from hydroelectric and 19% from
geothermal. In South Africa, 94% of energy is from coal while the
rest is from nuclear sources.
Grid connection has been unsuccessful or slow in most coun-

tries due to the high cost and lack of technical know-how. It has
been stated that up to an annual investment of $50 billion to get



Fig. 2. African population with access to electricity by regions.

Fig. 3. Power generation output in African regions compared to some developed nations.

S.O. Dahunsi et al. / Journal of Cleaner Production 264 (2020) 121683 7
Sub-Saharan African countries near the achievement of universal
electricity access by 2030. This definitely has contributed to the
hike in electricity tariff. The aftermath of this is constant power
outage reaching a total of 4,600 h annually across Sub- Saharan
Africa. This phenomenon has led to the insurgence of massive
importation and use of diesel generators which comes with its own
attendant challenges of environmental pollution leading to
numerous health issues besides the danger of suppressing the local
economy through excessive importation (Dahunsi et al., 2017d).

In 2015, Africa could only produce a total of 96 GW (GW) elec-
tricity from all installations. When compared with the 80, 325,
1,060 and 1,519 GW generated by the United Kingdom, India, the
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United States, and China respectively (Fig. 4a and b), it is safe to
conclude that Africa is still far behind. Nearly half of the electricity
generated in Africa is from South Africa (Torretta et al., 2012) while
the most populous country, Nigeria, has only succeeded in bringing
to the table only a quarter of the South African output. Also, there is
a high disproportion between the urban and rural areas in terms of
electricity supplies which stands at 71 and 22% respectively which
further confirms the low electricity consumption in the continent
(Roopnarain and Adeleke, 2017). Statistics have shown that be-
tween 2010 and 2014, the average electricity consumption per
capita in Sub-Saharan Africa annually equaled a mere 4% of the
overall United States consumption. This is so because most of the
installed grids and their delivery systems are grossly inefficient
thereby generating only 40% of the installed capacity. As important
as access to electricity grids is, the actual connection is more
important and this is where the major problems of most African
countries lie (Fig. 5). Most countries with high access rate perform
very poorly in connections and in most cases; connection to the
grids is not even a guarantee that there would be a reliable/regular
supply of power. Mauritius is leading in the entire continent with
high access and connections rates with reliable power supply
whereas, Burundi has low access rates coupled with low levels of
reliable supply. The situation in Nigeria is critical because a country
with 90 and 96% access and connection rates respectively have a
very low 18% reliable power supply rate. In Tanzania however, 23%
of the citizenry has electric grid connection resulting in supply of
power at 54% reliability. This clearly shows that though the power/
energy crisis may be similar across African states, a diversified
approach will definitely be needed to proffer the appropriate so-
lution to each.

As it is, one sure way to remedy the African energy dilemma is
by investing in renewable and sustainable sources of energy as this
will complement the quantity obtained from the grid. In East Africa,
the low development of electricity projects has ignited a surge in
investments in alternative renewable energies especially with solar
technology leading the way in the region. An important example is
a Start-up company called M-Kopa which has been providing solar
Fig. 4a. Top sources of energy gen
power solutions for Africans without access to grids or reliable
power supply in a low-cost pay-as-you-go manner. The operational
target of M-Kopa was to provide power to a million African homes
by 2017 with a $19 million fund made available. Prominent among
the countries leading this renewable energy revolution is Kenya
with over 40% of its electricity coming being generated from
renewable sources. Ethiopia has instituted a National Electrification
Project meant to provide electricity to the entire populace by 2025,
and 35% of these energies would come from renewable sources. In
the Moroccan scenario, a target of 52% national energy usage is
being planned to come from renewable sources by 2030 (Session
Thirteenth and Centre Vienna International, 2009). Similarly,
Gabon and Swaziland have grown their electrification projects
rapidly in which the access rates have increased by more than 50%
between 2000 and 2016. In the last few years, various renewable
energy projects across Sub-Saharan Africa have attracted in-
vestments of over 25 billion US dollars. This is besides the African
Union’s announcement of a whopping 20 billion US dollars in-
vestment into renewable energy in Africa. Thus, renewable energy
is the future of Africa.

7. The present bioenergy developments in Africa

Several African countries have witnessed an upturn in the in-
terest and investments into bioenergy projects in the last few years
most of which are currently ongoing and with high promise of
enormous growth to comparable global levels. Several bioenergy
crops are currently being cultivated in large plantations with the
sole aim of bioenergy production and most of which are being
properly managed thereby helping to reduce importation of fuels
and bills reduction. With the current rate of development, it may
not be too far away before bioenergy commercialization becomes a
household business in Africa (Amigun et al., 2011; Blanchard et al.,
2011; Gasparatos et al., 2015). The major factors that have recently
led to this upsurge includes recurrent hike in oil prices caused by
uncertainties in government legislation and politics of ownership,
numerous environmental degradations caused by fossil fuels,
eration in Sub-Saharan Africa.



Fig. 4b. Top sources of energy generation in Selected African countries.
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availability of massive arable land for cultivation of energy crops,
increased in bioenergy research and technological innovations due
to access to international funding, potential job creation and eco-
nomic development, and above all, the quest to fulfill the mandate
of providing unrestricted access to energy for the population in
alignment to the Sustainable Development Goals (SDGs) (Amigun
et al., 2011; Roopnarain and Adeleke, 2017). In reality, African
countries are becoming the major suppliers of feedstock to Europe
in order to meet the 2020’s 8% market share of bioenergy target by
the EU for which unavailability of arable land for energy crops
production and the strict guidelines on forest and land use are
major challenges in Europe (Belward et al., 2012; Guo et al., 2015).

In light of the above, Africa is currently the continent with the
largest capacity for global energy crops production and supply.
Many international agreements have been signed by several African
nations involving foreign investors who are interested in acquiring
massive hectares of arable land for the sole purpose of bioenergy
production (Session Thirteenth and Centre Vienna International,
2009). However, one area that requires urgent attention is the
establishment of standard policies and regulations guiding these
operations. This is necessary to safeguard negative occurrences
such as deforestation and loss in biodiversity, reduction in the
availability of land for food production and contentions over land
which may breed into civil disruption if not carefully handled. Well
established policies are only available in very few African nations
on the development and sustainability measures for the bioenergy
sector (Amigun et al., 2011).

As these new investments promise good better opportunities
and fortune in value chain development, several initiatives are
ongoing across many African countries on the production of bio-
energy at the commercial level. Subsequently, this has caused a
sporadic increase in the numbers of large-scale mechanized agri-
culture in several cropping systems targeting feedstock plantations
for bioenergy production. However, most of the machines used are
still fuelled by fossil fuels while soil fertility improvement is based
on the use of chemical inorganic fertilizers and pesticides for pest
control. All these are poised to change as the bioenergy expansion
programs thrives more and able to generate enough biomass for
bioenergy while the digestates or residues are further processed to
liquid and solid biofertilizers and soil conditioners thereby
reducing cost while gaining more social and environmental bene-
fits (Janaun and Ellis, 2010). As this investment in sustainable bio-
energy production increases, more investment in Africa’s neglected
agriculture will be stirred up alongside other benefits such as
poverty alleviation or reduction, food boom via increased produc-
tivity and energy availability and diversification. This also calls for
favorable government policies in order to create an enabling
ambiance for operations and its sustainability in the long run
(Kamp and Bermúdez Forn, 2016). Few countries are already on the
right path in providing such policies. A veritable example is the
Ethiopian government’s sustainable bioenergy development
declaration in the capital city of Addis Ababa in August 2007 which
is still very much talked about as the very first organized African
seminar of bioenergy. At the conference, issues on policy devel-
opment and decision making on bioenergy development were
discussed and this has since set a good place for such discussions
and investment justifications across the continent (Dahunsi et al.,
2017b; Das, 2017). Another major issue of discussion in bioenergy
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development in Africa is sustainability of the process in terms of the
production or processing impact, available markets, and the end
usage all of which must be critically analyzed with an integrated
approach especially based on the three interlinked sustainable
development criteria which are the social well-being of the popu-
lace, impact on the environment in terms of quality and the eco-
nomic viability/feasibility of energy production from biomass
(Herrmann et al., 2018).

The bioethanol boom started in 2011 with an estimated ethanol
production of 145 ML from Africa accounting for 0.17% of produc-
tion globally (Giovannetti and Ticci, 2016). Similarly, the year 2007
witnessed the installation and commissioning of the first large
scale biodiesel plant in Zimbabwe which though as at 2009 oper-
ated at less than 5 percent of its full capacity owing to a shortage in
availability of feedstock materials (Jumbe and Mkondiwa, 2013;
Kamp and Bermúdez Forn, 2016). However, the situation has since
changes as both bioethanol and biodiesel are now produced in
commercial quantities in many countries thereby still creating
more opportunities for investment. Africa boasts of the largest
share of global non-protected grassland, woodlands and tropical
rain forest which is highly suitable for growing of bioenergy feed-
stock plantations especially for crops like Jatropha, sugarcane,
maize, cassava, soybean, etc. Besides, large portions of currently
cultivated land mass across Africa are still potentially useful for the
cultivation of energy crops (Bryant and Romijn, 2014). These facts
are obvious to international investors most of whom have been
investing heavily in massive land acquisitions for the sole purpose
of bioenergy projects thereby increasing the rate of success of the
program as evident from the reports of the Land Matrix Global
Observatory. The Sub-Saharan region of Africa is the richest in
bioresources and houses between 40 and 50 percent of global deals
for crops and plant residues suitable as bioenergy feedstock beside
having the greatest land mass acquisition by international agencies
through various collaboration efforts over the last decades (Aha and
Ayitey, 2017). The success of these operations brings enormous
opportunities by eliminating the natural risk of overdependence on
traditional unprocessed wood and agricultural biomass as the main
energy sources across the continent with attendants negative
consequences such as health challenges, excessive workload by
women and children, coupled with untold environmental deca-
dence (Saladini et al., 2016). The injection of bioenergy to replace
them is being seen as new technology capable of better carbon
utilization because they are renewable. The application of these
renewable fuels is gradually increasing across the continent as
liquid bioenergy are now blended for use in the transportation
sector without necessarily changing the existing infrastructure and
has also made them suitable candidates for use in cooking, lighting,
and generation of electricity (Alfa et al., 2013a,b; Dahunsi et al.,
2018c). In recent years, some major developments in bioenergy
adoption in some African countries as shown below:
7.1. Nigeria

Nigeria is undoubtedly the most populous country on the Afri-
can continent with an abundance of human and natural resources.
However, energy remains a major mirage in the quest of the
country to attain developments. About 70% of Nigerians depends
solely on firewood combustion for their daily energy needs (Ishola
et al., 2013). The aftermath of this phenomenon is increased
deforestation, the highest the world over (Alfa et al., 2012;
Mulugetta, 2009). The most embraced bioenergy so far in Nigeria
over the last few decades is biodiesel majorly because of the
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abundance of Jatropha curcus plantations across all geopolitical
zones of the country. Several research efforts have gone into the
biodiesel project using several fruit seeds and waste materials and
these have resulted into several fuel blends that have successfully
gone through trials in internal combustion engines with high po-
tentials of replacing fuels of fossil origin in the automobile and
manufacturing industries among others (Betiku et al., 2016;
Dahunsi et al., 2017e, f; Mahmudul et al., 2017). It is needless to say
that Nigeria is extremely rich in biomass, forest residues, non-
edible seeds and waste resources enough to keep the biodiesel
project functioning on a continuous scale. However, only very little
attempts have been made to commercialize the biodiesel technol-
ogy and this has seriously militated against its development on a
significant scale (Ishola et al., 2013). Another bioenergy that is
currently making waves in Nigeria is biogas. As a matter of fact,
anaerobic digestion technology seems to suit the country situation
better due to its low-cost and ease of operation. Perhaps, the major
advantage for the biogas technology adoption in Nigeria is the
availability of sunlight which provides maximum heating for the
digesters especially at the mesophilic range and even thermophilic
in some regions e.g. upper Northern Nigeria (Alfa et al., 2014a,b;
Dahunsi et al., 2018b; Zahedi et al., 2018). Generation of biogas
stands out as a veritable option with numerous benefits, especially
in the reduction of health hazards, contamination of indoor air and
deforestation which is fast becoming a serious issue of concern in
the country. However, most biogas production efforts have been as
it is, more than 40% of the populace lives in rural areas where
firewood is the major source of heating, cooking, etc. This tech-
nology has the much-needed capacity in Nigeria to anaerobically
convert the annual 545 million tons of organic municipal wastes
produced in the country towell over 28 billionm3 of biogas and this
can, in turn, generate up to 173,458 MWh electricity. This biogas
can be the basis for grid decentralization for ease of energy access
to all regions and especially the rural areas. Besides the biogas
energy, there is the potential for producing more than 90 million
tons of organic fertilizer from the wastes alone besides diverse
biomass and animal wastes in abattoirs and farms spread across the
country (Roopnarain and Adeleke, 2017). In the course of time, the
Nigerian bioenergy industry has equally received a boost with the
upsurge and huge investment in bioethanol production. Currently,
Nigeria is investigating the opportunities in developing a robust
local and international “cassava economy” majorly for the purpose
of ethanol production. This has seen a massive movement of
farmers and entrepreneurs into the cassava value chain and several
out-grower schemes across the nation making ethanol a veritable
potential fuel for transport with a high value on the market (Giwa
et al., 2017).

7.2. South Africa

South Africa occupies a very strategic position in the African
energymix as a nation that single-handedly consumes about 45% of
the continental energy generation most of which are internally
generated within the nation (Russo and von Blottnitz, 2017) cour-
tesy of the state-owned Energy Supply Commission (Eskom). The
country has through this company generated her energy from coal
combustion (Blanchard et al., 2011; Singh, 2006). This excessive
reliance on fossil fuel has since made South Africa the number one
GHG emitter in Africa and undoubtedly prominent among the
global top 20 (Aliyu et al., 2018). This phenomenon has since called
for eco-friendly and sustainable alternative energy generation. In
this quest, anaerobic digestion for biogas generation has been at the
forefront in the nation for some decades now. Recently, the biogas
potential of the nation has been estimated to be able to generate up
to 2.7 GWof electricity with awhopping R11 billion potential in the
market coupled with the creation of jobs in thousands (Hagos et al.,
2017). With these facts, the number of working biogas plants has
been on the increase especially since 3013 when the first South
African Biogas conference was held (Blanchard et al., 2011; Liousse
et al., 2014). Besides, numerous South African-based organizations
and institutions have been doing a lot in biogas-related research
and implementation programs which informed the installation of
more functional digesters across the country, especially in Johan-
nesburg and Pretoria. The government has also made significant
investments especially through its Renewable Energy Independent
Power Producer Procurement (REIPPP), focusing on solar energy
research. An increase in nuclear capacity is also on the agenda.

7.3. Burkina Faso

Judging by the ever-increasing energy demand, usage, and price
volatility, the Burkina Faso government has committed itself into
reasonable massive investment into bioenergy production with a
stable policy for sustaining the project. This commitmentwasmade
public at the capital city of Ouagadougou in 2009 during the In-
ternational Bioenergy Conference (Tatsidjodoung et al., 2012). In
the policy, the government puts an upper benchmark for lands
which are meant for energy production at a fixed 500,000 hawhich
corresponds to 5% of the total arable land. Also, the policy promotes
the involvement of traditional peasant farmers as stakeholders in
the supply of raw material meant for local generation of bioenergy
to be sold within the domestic market. The major crop of focus in
this policy development is Jatropha curcas and several incentives
are provided to encourage the participation of more local farmers in
the scheme. Accompanying the policy are standard regulations on
tax in order to maximize the economic benefits derived from
substituting fossil fuels with a bioeconomy. These include savings
in foreign currency earnings, value addition to local and national
markets, and majorly to promote the rural economy.

In another recent development, the Burkina Faso government
has instituted a global plan to reduce poverty in the nation while
targeting human and capital economic growth (Hanff et al., 2011).
The plan includes strategies for economic competitiveness, and its
adequate integration into the global economy with the long term
agenda of improving the wellbeing of the nation as a whole. Across
Burkina Faso, bioenergy technologies are being massively
embraced for developmental sustainability due to reasons such as
energy security and access, capacity for environmental protection,
savings in foreign currency, among many other socio-economic
issues paramount in the rural areas. So far, bioenergy production
has significantly brought many macroeconomic advantages to the
country as evident by the balance of trade deficit reduction, direct
and indirect increase in GNP via impacting on the economy as well
as improvement in living standards (Roopnarain and Adeleke,
2017).

7.4. Mali

Mali has also recently developed numerous functional bio-
energy programs which majorly depend on the local dwellers and
farmers for raw materials supplies. An outstanding example is a
local Non-governmental organization called “Mali-Folke Centre”
with the business of providing incentives and support to local
farmers for Jatropha cultivation geared toward oil production. With
the huge Jatropha biomass turnout and its subsequent conversion
to oil, electricity is constantly being supplied to all settlements
within a 20 km radius from the operating center. Leveraging on the
success so far, the center has recently embarked on the electrifi-
cation of well over 10,000 residents in rural areas in South of Mali
by launching the operation of a 300 KV power plant that will run for
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15-year on a commercial scale. For this purpose, 1000 ha of Jatropha
plantation is cultivated for provision of biomass to feed the plant
(Mulugetta, 2009). Definitely, this project is poised to bringmassive
transformations and developments to the lives of the residents in
these areas by the provision of the electricity.

7.5. Tanzania

Tanzania is currently witnessing massive transformations from
a fossil-based economy to a bio-based one owing to the relentless
efforts of numerous multinational companies, NGOs and small-
holder farmers. There has been a sporadic increase in the liquid
bioenergy production and supplies to the masses. Besides, Jatropha
plantations and those of other high-yielding energy crops are being
established in different parts of the country via the investment of
well over ten companies who successfully acquired massive land
mass for the purpose (Atabani et al., 2012; Demirbas, 2005). Some
of these companies are American-based e.g. Prokon, Wilma, SEKAB,
and Diligent while others are from Europe and specifically the
United Kingdom, Germany, and the Netherlands. Other firms have
instituted strong collaborations with local Tanzanian organizations
to produce bioenergy. These include the Program for Biomass En-
ergy Conservation and the Southern Africa Development Commu-
nity which have implemented several biomass cultivation projects
so as to make biomass available for bioenergy production and its
improved supply to the masses. Another prominent firm is the
Belgium-based which focus on growing biomass for energy to
better the livelihoods of the citizenry. Local NGOs are not left
behind in the bioenergy race in Tanzania as many of them are
equally instituting numerous bioenergy projects in the rural set-
tings (Rupf et al., 2015).

7.6. Ghana

The game plan in the Ghanaian bioenergy industry has changed
sporadically from the initial energy security promotion through
smallholder-based projects to its current promotion of rural
development via the activities of the “Farming Development Ini-
tiatives” (FDIs) with the utmost aim of exporting produced bio-
energy to the international markets (Ahmed et al., 2017). However,
the Ghanaian bioenergy program is currently suffering a major
setback due to reasons as (a) the discontinuity in almost all the once
thriving Jatropha plantations, (b) non-favorable government pol-
icies on bioenergy, and (c) non-availability of functional local bio-
energy market or exports. The Ghanaian Jatropha projects failed
majorly due to multiple interrelated factors paramount among
which was crude oil discovery (Mulugetta, 2009), political insta-
bility and lack of government commitments to the project. How-
ever, there are huge potentials for improvements and efforts are
being made in several sectors of the Ghanaian economy to revive
the success of the bioenergy boom of the mid to late 2000s which
was characterized by major discoveries in agronomy, land alloca-
tion, land administration and commercial-scale acquisition re-
forms, and suitable consensus/agreements between local and
national authorities for smooth investments in bioenergy de-
velopments. This surely has strong potentials to enhance the long-
term sustainability/viability of the bioenergy sector.

7.7. Zimbabwe

Zimbabwe is perhaps one of the least developed countries in
Africa characterized bymassive importation of goods and resources
including her oil needs. However, recently in 2013, the country
instituted a policy of blending 10% bioenergy by the year 2017
(Ewing and Msangi, 2009). The prerogative that informed this
decision was the mass availability of suitable arable land located in
favorable agro-ecological zones in the country and which could be
effectively utilized for the cultivation of energy crops especially
Jatropha (Avinash et al., 2014). Due to land tenure issues however,
the execution of the bioenergy projects in Zimbabwe now relies on
the aptness of specific sites of bioenergy for the entire country as
well as to the locality (Maqhuzu et al., 2017).

Presently, several countries in the African continent have
established bioenergy policies but only that they don’t have
coherent overall strategies yet. However, it’s also been established
that South Africa championed the crusade on bioenergy develop-
ment and expansion in Africa with the installations of modern
plants for commercial production and was also the lead among
countries to formally implement a bioenergy action in 2007 after
which Mozambique did hers in 2009 (Jumbe et al., 2009). Rural
income sources diversification, creation of employment, energy
security improvement, drastic reduction on oil importation, earn-
ing of foreign currencies from bioenergy exports, and GHG emis-
sions reduction are the positive effects (Giovannetti and Ticci,
2016), however, there are many risks involved. Expansion of bio-
energy projects can increase competitions and pressures on the
sustainable use of water, land, and forests but only regions with
weak or non-existence land tenure systems. Bioenergy could also
exert enormous pressure on prices of food but this could easily be
surmounted by a well-developed biomass production and waste
management systems (Das, 2017). In the area of carbon balance, a
well-planned bioenergy system is capable of GHG emissions miti-
gation as the gasses that would have been emitted into the envi-
ronment are captured for sustainable usage in different forms
(Dahunsi et al., 2017b, c; Semwal et al., 2011).

As it is, bioenergy development has a huge potential to offer
numerous promises as well as a few challenges for developing
countries in Africa (Blanchard et al., 2011). While a school of
thought believes that production of bioenergy is a major threat to
food supplies especially for the rural poor, another solid opinion is
that the development of the bioenergy can be a productive and
profitable adventure with high stimulation of rural economies in
developing nations if properly managed. The situation is potent
enough to increase the energy crops demands including sugarcane,
soybeans, rapeseed and oil palm usually cultivated by the local
farmers. Besides, abandoned and marginal lands that are no longer
ideal for crop plants cultivation could be utilized for Jatropha curcas
cultivation as a way of increasing farmers income. It is also been
debated that with high level technology in place, modern bio-
refineries could also be useful in the provision of extra income for
developing country farmers via the sales of plant wastes and resi-
dues that can be converted into biogas, ethanol and can further be
processed to produce electricity.

The coming decades will definitely witness amassive increase in
the demand for biomass for energy generation globally. The recent
United Nations (UN) reported that global bioenergy production has
doubled in the last 5 years and will yet double again in another 4
years (Chirambo, 2016; Dahunsi, 2019b; Jagadevan et al., 2018).
Moreover, the economies of African countries are currently
growing at 4% rate per year on the average while Sub-Saharan Af-
rica produced 6 fastest growing economies among the 10 best
globally in the last decade. At this rate, the GDP of Africa would
have tripled by 2030 and 7 fold by the year 2050. Therefore, the
sustenance of this growth will only be sustained by very stable and
progressive energy system influenced by a functional energy policy
across the continent (IRENA, 2013).

Currently, an estimated 590,000,000 persons which are 57% of
the Africans continent lives without access to electricity while a
whopping 700,000,000 making a total of 68% of the population)
lives without access to sustainable energy cooking facilities
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(Roopnarain and Adeleke, 2017). With the current trend in energy
access, a total of 655,000,000 (42%) Africans will still lack access
while 866,000,000 (56%) will still be without clean cooking facil-
ities come the year 2030 which means that these majority of the
population will still be deprived the opportunity to lead a decent
and productive lifestyle. Though bioenergy projects have been
ongoing since 2007, there has also been implementation hiccups
majorly because of poor political systems or will couple with pre-
vailing food insecurity menace (Simpson, 2009) are posing threats
to the development. Farmers who are major producers of maize
have been agitating against the non-inclusion of maize as a feed-
stock in the bioenergy mix in the continent. However, the exclusion
is necessary as maize serves as one of the leading staple food for the
African population and its usage for bioethanol productionwill only
heighten the food versus fuel saga. This explains why more atten-
tion has been given to second generation bioenergy technologies
with the focus on agricultural residues, animal dung/droppings and
wastes resources for bioenergy production.

Bioenergy feedstocks are majorly from agricultural sources with
high commercial production potentials in order to provide many
economic benefits directly to rural households and the nation at
large. Save for a few project types, feedstock cultivation should be
regarded as cash crops farming. In this regard, feedstock production
is an important strategy for modernizing agriculture across Africa
having tangible effects on the economy of nations leading to
poverty alleviation (Kgathi et al., 2017). Macroeconomic studies
(Arndt et al., 2011; Hanff et al., 2011), has equally revealed that
massive investment and subsequent expansion in bioenergy pro-
jects is a potential route to economic advancement in countries
such asMozambique and Tanzania. A general equilibriummodeling
(GEM) study has earlier revealed that bioenergy production has the
capacity to increase the gross domestic product (GDP) of
Mozambique by approximately 0.37% besides the generation of
271,000 jobs for the rural populace (Arndt et al., 2011). Similarly, a
GDP increase by 0.25e0.37% is feasible for Tanzania coupled with a
significant generation of employment. These gains, however,
depend on the types of technology adopted for bioenergy pro-
duction as experience has shown that smallholder and out-grower
systems are absolutely the best in terms of national economic
growth (Arndt et al., 2011).

8. Bioenergy feedstock in Africa

For Africa to become successful in the adoption and imple-
mentation of bioenergy technologies, there must be a program to
careful identify and select suitable feedstock for fuel production.
Globally, diverse types of feedstock have experimented for fuel
production and these include different food wastes, agricultural
residues, different energy crops, solid wastes, wastewaters/sewage
and wastes from municipalities among others. In this respect,
diverse economically viable and indigenous bioenergy feedstocks
have been selected. Some of these are aquatic plants, wastes and
residues from agricultural practices, industrial and processing
wastes, domestic refuse and sewage and municipal wastes
(Dahunsi et al., 2016b; Shane et al., 2017). This is beside constant
efforts been made to adequately identify other indigenous biomass
for bioenergy generation (Singh, 2006). Besides, aquatic plants, few
other biomass such as leaves of Manihot esculenta, Eupatorium
odoratum and Cymbopogon citratus (Alfa et al., 2012; Dahunsi et al.,
2017b), and shoots of Tithonia diversifolia, Chromolaena odorata
(Dahunsi et al., 2017a; Murphy et al., 2011) have been used. Others
are fruit rind of Carica papaya, Telfairia occidentalis and pod hulls of
Arachis hypogaea and Theobroma cacao among others (Alfa et al.,
2013a,b; Austin and Morris, 2012).

Most of the above-named biomass has also been co-digested
with animal droppings in order to enhance the carbon and
nutrient balance thereby increasing biogas yield. In a previous
study, the co-digestion of banana and plantain peels (Dahunsi et al.,
2018a) was carried out while that of piggery dung and Manihot
esculenta peels seeded with wood ash was experimented and the
biogas yield increasewas significant (Alfa et al., 2013a,b). Biogas has
also been efficiently generated from fruit shells of Lophira lanceo-
lata (Rupf et al., 2016). In this regard, indigenous algal species are
not left out as they have been explored for biogas production
(Nigam and Singh, 2011). Hagos et al. (2017) compared the biogas
production from Eupatorium odoratum, water lettuce, water hya-
cinth, and cow dung and reported the highest biogas yield from
that Eupatorium odoratum while the least was obtained from cow
dung (Mungwe et al., 2016). Biogas generation from cow dung,
poultrymanure and abattoir wastes have also been carried out (Alfa
et al., 2014a,b; Mungwe et al., 2016).

9. Future of bioenergy development in Africa

Bioenergy hold the key to unlock the energy and economic
future of Africa if well planned and executed. The quest to sustain
the current economic growth across the continent will only be a
reality if a larger and better performing energy sector is executed
(IRENA, 2013; Sikarwar et al., 2017). The International Renewable
Energy Agency (IRENA) has instituted a robust renewable energy
scenario for Africa in which the impacts of all existing policies
meant to drive the execution of bioenergy projects up till 2030
were critically examined. There is a projection that renewable en-
ergies could increase from 17% in it was in 2009 to 50% in 2030, and
then to 75% by 2050. This implies that there must be a consistent
growth in the total installed capacity for renewable energy gener-
ation from 28 GW in 2010 to 800 GW by 2050, out of which solar
photovoltaic, wind power, hydropower, concentrated solar power,
biomass, and geothermal sources will account for 245, 242, 149, 94,
69 and 8 GW respectively.

Several factors need be considered before lands for biomass
cultivation are acquired and these include the biomass type,
geographical location, financial inputs and the target yield from
planted crops (Guzatto et al., 2011). Projections have been made
that up to a conservative 166,000,000 ha of land will be required to
grow biomass by 2020 in the absence of new bioenergy policy
promotion. It has also been projected that between 118 and
508,000,000 ha will be needed in order to provide 10% of the en-
ergy demand in the transportation sector globally which will
further demand that between 144 and 334,000,000 ha of additional
land will be required for food production by 2020. This further
shows that attention will soon need to be focused on abandoned
andmarginal land and the African continent so a vast array of these
thus making her a future major player in the global bioenergy
market (Ahmed et al., 2017; Gasparatos et al., 2015; Qi et al., 2005).

Currently, about 388 EJ/annum of energy is consumed from
fossil origin which must increase so as to meet the demands of the
population. It is possible to increase this to 400 EJ/annum by 2050
(IRENA, 2013). There are short term projections that technological
conversion of biomass and waste resources will contribute up to 68
EJ/annum to the global energy grid by 2030. It is easier to integrate
bioenergy production into existing technology without major
modification. For example, up to 10% ethanol blends are possible
while 100% biodiesel usage is possible (Amigun et al., 2008). Be-
sides, numerous biomass and feedstock available with African
countries can be utilized for bioenergy generation whereas, crude
oil has no alternative. Another major advantage of bioenergy over
fossil fuel is in the production in which there are rooms for much
technological advancement and innovation for the future produc-
tion of different bioenergy. However, the petroleum industry seems
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to be well developed giving no impetus for further development
(Blanchard et al., 2011).
10. Conclusions

This review investigates the past and current status of bioenergy
technologies adoption in Africa.

The examination of different research, review and other print
and online materials/articles which previously reported past and
recent trends on the bioenergy status across African countries is
devoid of reliable data linking the past, current and future
achievements and prospects of bioenergy technologies on the
continent. This therefore led to the compilation of adequate and
current information on the technologies adoption in Africa besides
projecting the future trends in achieving a continental economy
driven by different biofuels and their numerous applications.

The results show that globally, energy production and distri-
bution has received a major boost so much that less than a billion
people are now without access to energy especially electricity. This
development however did not significantly affect Africa whereas
Asia which previously had similar energy challenges got 375
million of its citizenry out of energy poverty between 2011 and
2017. The major beneficiaries of this development were India,
Bangladesh, and Indonesia with over 80% of their populations
supplied with electrification. Though, some levels of improvement
have been witnessed in Africa’s electrification projects up to about
43% especially in South Africa, Nigeria, Burkina Faso, Mali, Tanzania,
Ghana and Zimbabwe. The major challenge is the slow pace of
development in comparison with other continents considering the
constant increase in humanpopulation across African. This explains
why yet over 600 million African are still living without access to
electricity.

This paper therefore advocate for the inclusion of bioenergy in
the African future energy projection due to their immense poten-
tials to transform the continent. Africa stands a chance of becoming
a major player in the global energy market. It has also been clearly
shown that if fully invested in, bioenergy has the huge potentials to
impact on various aspects of life in rural and urban settlements
across African countries. It is however important to know that these
impacts will largely depend onmany factors such as feedstock type,
production method, end usage, land tenure policies, access to land
for biomass production, availability of sustainable agricultural in-
puts, site selection for bioenergy production, availability of mar-
kets, environmental and socioeconomic considerations, bioenergy
production life-cycle assessment impact, and prevailing govern-
ment/political policies. Thus, reliable bioenergy policies must be in
place in respective countries in order to experience the future been
shot for in the African bioenergy industry.

If these measures are in place, there will be improvement in
human capital development and health/wellbeing thus achieving
some of the Sustainable Development Goals (SGDs) e.g. SDGs 1
(Reduction of poverty), 2 (Hunger eradication), 3 (Quality health
and wellness), 7 (Clean and affordable energy), 8 (Conducive
working environment and developed economy), 12 (Sustainable
resource production and utilization) and 13 (Climate protection).
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