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a b s t r a c t

Nigeria is faced with chronic electricity crisis that has resulted in the crippling of most sectors of the
economy. It is estimated that only 40% of Nigerians are connected to the national grid and the connected
population are exposed to frequent power outages. Nigeria's electricity grid is mainly powered by large
hydropower and depleting hydrocarbon resources. Fossil-based electricity generation contributes not
only to increase in carbon footprints, but also exposes the country to changes in price of petroleum
resources and political instability from the oil producing region of the country. The country is blessed
with abundant Renewable Energy (RE) resources that have not been fully exploited; these renewable
resources have the potentials to change the status quo of power generation and consumption in the
country. Availability of Renewable Energy Sources (RESs) in all parts of Nigeria has been demonstrated in
several studies. However, there is presently no comprehensive review of RE development in Nigeria. This
contribution aims to fill this gap by focusing on the current status and future prospects of RE in Nigeria
as well as identifying the key challenges confronting full scale RE development in the country. We
discussed the existing government policies and legislations, and proposed others that can help speed up
the adoption of RE in Nigeria. We also compared RE development in Nigeria with four other sub-Sahara
African countries. We hope that this paper will stimulate further research on how to address the energy
crisis in Nigeria using the RESs.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The industrial growth and development of any nation are directly
proportional to energy resources at its disposal. Energy resources
provide not only economic power, but also play a critical role in any
modern society. Nigeria is endowed with abundant conventional
(fossil fuel) energy resources, such as oil, gas, coal, etc. These sources
have predominantly contributed over 90% of the country's income
and also dominate the fuel sources for electrical energy production
and other energy needs of the populace.

Electricity, which was first generated for public use in Nigeria in
1896 is heavily dependent on the fossil fuel sources. Although it has
been generated for over a century, electricity demand in Nigeria is at
present far more than the supply, thereby affecting the country's
socio-economic and technological development [1,2]. Nigeria is the
most populous country in Africa, with population of over 155 million
people[3] and the majority of the citizens are living below the $1.0
per day poverty level [4]. Only 40% of Nigeria's population is
connected to the national electricity grid; the connected population
faces power problems 60% of the time [1,5]

The energy crisis has crippled the nation's industrial sector, which
claimed it needed 2000 MW (e) to run in 2009, and the Manufac-
turers Association of Nigeria (MAN) says it spends more than N
1.8 billion (US $ 11, 340 million) weekly in the running and
maintenance of power generators [6]. The use of these generators
in the industries has resulted in high cost of energy; since energy cost
constitutes 40% of the production cost in Nigeria. At present, the cost
of production in Nigeria is nine times higher than that of China [7].

The prevalent energy crisis has therefore put enormous pressure
on the economic growth and development in the country. In addition
to that, the continuous depletion of the conventional energy
resources, unstable oil price in the international market, increasing
demand to reduce carbon footprints and attempt by the developed
and emerging worlds to seek other forms of energy sources to meet
their energy needs will in the foreseeable future lead to a consider-
able reduction in income accrued to the nation from its petroleum
resources. The sustainability of Nigeria as a nationwill therefore be at
risk unless other sources of energy are exploited to block the loop-
holes in the nation's income due to the dwindling income generated
from the fossil-based sources, and to provide energy sources for
electricity generation in the country.

The over-dependence of the energy sector on petroleum that has
slowed down the development of alternative fuels [8,9] must be
reversed. There is the need for diversification to achieve a wider
energy supply mix, which will ensure greater energy security for
Nigeria. The way forward is the exploration of the RESs, such as solar,
wind, hydro, biomass, etc., which are also abundant in nearly all parts
of the country. RESs are sustainable, limitless and environment
friendly [10]. The potential of RESs in Nigeria is about 1.5 times that
of fossil energy resources in energy terms [11]. RESs have significant
potential to improve and make a difference on the low level access to
electricity in Nigeria [12].

The Nigerian Government has recognized the important role the
RE would play in overcoming the present energy crisis and therefore
intensifies its efforts by promoting the RE in the country through
development of various energy reforms, policies and legislations. The
research communities are also not left out in the quest to pursue the

RE development in Nigeria as demonstrated in the large body of
research works that have been carried out on RE. Notable among
these are the work of Udoakah and Umoh [13] on meeting the energy
needs of Nigeria using RE, the work of Shaaban and Petinrin [12] on
tapping of RE potentials for development of useful and stable electric
energy supply in Nigeria. It also includes the work of Oyedepo [14]
that examined the perspective of energy efficiency and RE for
achieving a sustainable development in Nigeria. Other studies are
Ohunakin and colleagues [15] on the utilization of solar energy as RE
option in Nigeria, Mohammed and colleagues [16] on the potentials of
bioenergy resources for bioelectric power generation in Nigeria and
various works on wind energy potentials in different parts of Nigeria
[17–21]. Further works on solar energy potentials can be found in
[22–27] and small hydropotentials in [28–30].

Although these studies have demonstrated the availability of RESs
in all parts of the country, there is presently no comprehensive
review of RE development in Nigeria. This contribution aims to fill
this gap by focusing on the current status and future prospects of RE
in Nigeria as well as identifying the key barriers confronting the
utilization of the full potential of RE in the country. We also discussed
the existing government policies and legislations, and proposed
others that can help speed up the adoption of RE in Nigeria.

2. Energy reserves and utilization in Nigeria

The primary energy sources are mainly utilized for electricity
generation, transportation, heating and cooking in Nigeria. Energy

Table 1
Nigeria's RE reserve per capacity as at December 2005 [4,31].

Energy source Reserves

Large hydro 11,235 MW
Small hydro 3500 MW
Animal waste 61 million tons/yr
Crop residue 83 million tons/yr
Solar radiation 3.5–7.5 kwh/m2-day
Wind 2–4 m/s at 10 m height
Wave and tidal energy 150,000 TJ/(16.6�106 toe/yr)

Fig. 1. Percentage contribution for the energy sources in Nigeria as of 2001 [8].
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reserves in Nigeria clearly exceed their utilization level. Table 1
shows a breakdown of the RE reserves and potentials in Nigeria. It
is obvious that Nigeria has enough resources to cater for its energy
need. Some of the resources are not tapped and the potential is
vital for Nigeria's economic growth. However, access and utiliza-
tion, which are the major drivers of the growth, are lacking [31].

On a global scale, less than 15% of primary energy supply is RE,
and the major energy sources in developing countries are wood fuel
and hydropower [32]; and worldwide, the latter and wind power
are predicted to provide the largest share of the projected growth in
total renewable generation [33].

Nigeria generates electricity at a commercial scale from four
major energy sources: natural gas, oil, hydro and coal. Fig. 1
presents the percentage contributions of each of the sources. Since
coal is neglected, petroleum (oil and gas) has contributed over 70%
of the commercial primary energy in Nigeria [8].

The over-dependence of the Nigerian energy sector on petro-
leum has slowed down the development of alternative fuels. In
order to achieve the Vision 20:2020, efforts must be made toward
achieving a diversified energy supply mix, which will ensure
greater energy security for Nigeria.

2.1. Nigeria's electricity power sector outlook

The Nigeria Electricity Supply Company (NESCO) commenced
operations in 1929; in the attempt to connect all parts of the country
to the national grid and ensure secured electricity supply, NESCO has
undergone so many transformations and reforms. It was renamed
National Electric Power Authority (NEPA) in 1972. NEPAwas known to
have a burden of subsidies, low service quality and woeful collection of
tariff. The reform act of 2005 unbundled NEPA into 18 companies
(under the flag of Power holding Company of Nigeria): 6 generating
companies, 1 transmission company and 11 distribution companies.
The generating companies are made of 3 hydro and 9 thermal (gas
based) stations with their output shown in Table 2 [34]. The total

installed and available power generation capacities in Nigeria is depi-
cted in Fig. 2.

2.2. Nigeria's electricity expansion plan

The FGN power expansion plans indicate that the power sector will
undergo significant changes within the short to medium time. From
the FGN's proposal (see Table 3), the generation capacity of the grid is
set to increase by almost four times the installed capacity by 2030
with the IPPs expected to play vital roles in the plan [38].

In its desperate attempt to address the energy poverty, the
government of Nigeria may consider solely the further development
of conventional electricity technologies (like coal, oil and gas) that are
readily available in Nigeria with little or no concern on the environ-
mental impact of these technologies. As the world is moving towards
an agreement that would charge power plants for CO2 emission (due
to the increasing threat of global warming), the days of cheap
electricity from the conventional technologies will be gone if emission
charges are included [39]. The situation of the electricity consumers in
Nigeria is disturbing such that the environmental issues may not be
for now of significance among the public. Nigeria's CO2 emission was
estimated to be 36.9 million tons in 1985, and on the assumption that
no gas was flared in 2025, this figure was estimated to rise to about
73.6 million tons [40]. This is an indication that the country has to
consider clean technologies in curtailing its energy crisis.

Hydrofuel will maintain its position as a main driver of the
electricity sector in the short and medium terms. Renewable fuels
like solar, biomass and wind are expected to play roles in sustaining
the Vision 20:2020; though their full potentials are not going to be
taped. This shows that the economy of Nigeria will be reliant on its
fossil fuel reserve for a long period of time. The generation capacity is
predicted to grow from 6.9 in the base year to over 25 GW.

The current (2010) and future (up to 2030) (Fig. 3) energy mix
shows the government's plan to diversify the country's energy mix by
expanding the fuel types, which include oil, gas, coal, nuclear, wind
and solar. This will reduce the overdependence of the power sector on
petroleum, which has slowed down the development of other fuels
that are available in Nigeria. The hydropower capacity is expected to
increase from 1300MW in the base year to about 5800 MW in the
end year. The capacity of the gas (thermal) plant will increase from
5600MW to 13,600MW by 2030. The country's coal capacity is
expected to change from almost nil to 1300 MW by 2013. Nuclear
energy is expected to generate 1000 MW by 2022 and the capacity is

Table 2
Nigeria's power generating plants and their capacity utilization [35,36].

Power station Type No. of Units Year of construction Age (Yrs) Installed capacity (MW) 2011 Available Capacity (MW) % Contribution to the grid

Kainji Hydro 12 1968 43 760 480 14.3
Jebba Hydro 6 1985 26 540 450 13.4
Shiroro Hydro 6 1989 22 600 450 13.4
Egbin Thermal 6 1986 25 1320 1100 32.8

Fig. 2. Comparison of Installed against available capacity of power generation by
type in Nigeria as of 2011. FGN stands for Federal Government of Nigeria while IPPs
stands for Independent Power Producers [37].

Table 3
Current and future electricity mix in Nigeria [1,38].

Technology type Capacity
(MW)
2003

Additional
capacity (MW)
2010

Additional
capacity (MW)
2020

Additional
capacity
(MW) 2030

Hydro 1920 n/a 4740 5748
Biomass n/a n/a 5 5
Wind n/a n/a 20 20
Solar PV n/a n/a 75 425
Solar Thermal n/a n/a 1 20
Total addition 7289 8280 12,858
Cumulative total 6472 13,761 20,276 29,394
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expected to grow by threefold of the base year value in 2030. Solar
capacity is expected to increase from 75MW by 2020 to 475MW by
2030 [41].

The current energy policy is critical to tackling carbon emission,
which causes climate change and emphasizes the government's will-
ingness to pursue nuclear energy in full capacity [42]. The policy
deemphasizes the use of fuel wood as part of the country's energy
mix, as it encourages deforestation and contributes heavily to the
country's high CO2 emission.

The environmental consequences of installing and operating an
energy facility are enormous, as the facilities may lead to disruption of
the ecosystem. On the other hand, any expansion on Nigeria's grid will
reduce the use of private generators, which tend to be more environ-
mental damaging as well as sources for noise pollution; diesel-fueled
generators emit a complex mixture of air pollutants, which are
responsible for chronic respiratory diseases and lung cancer in non-
smokers [41,43].

3. Status of renewable energy in Nigeria

Here we present and discuss the current status of major RE
technologies for power generation in Nigeria.

3.1. Hydropower

As earlier mentioned, Large Hydro Power (LHP) is contributing
over 30% to the present total installed generation capacity in
Nigeria. This makes it one of the major sources of electricity
generation in the country. The main reason for this is the
availability of many large rivers in the country, some of which
are yet to be tapped. The commissioned and planned LHP stations
in Nigeria are shown in Tables 4 and 5 respectively. A successful
execution of the planned LHP projects and proper maintenance of
the already commissioned LHP projects will lead to LHP providing
more than double the amount of the present available generation
capacity in the country. This clearly indicates the role LHP can play
in alleviating the present electricity crisis in the country. A high
penetration of LHP into the generation capacity in the country will
lead to reduction in environment pollution that is associated with
fossil-based electricity.

Unlike the LHP scheme that is based on the availability of large
rivers, SHP makes use of small rivers, streams, waterfalls or storage
dams to generate electric power. SHP is defined in Nigeria as
hydropower station capable of generating up to 10 MW capacity.
Plants with capacities up to 1 MW are considered mini-hydro-
power, while those with capacity up to 500 kW are considered as
micro-hydropower [45]. Considering the availability of SHP gen-
eration sources in different parts of the country, the SHP potentials
in Nigeria are very huge. UNIDO Regional Centre on SHP reported
that the gross SHP potential (for plants up to 10 MW) is 720 MW,
the technically feasible potential is 605 MW and the economically
feasible potential is 498.4 MW [45].

Many potential sites for electricity generation using SHP have
also been identified across the country as summarized in Table 4
and others are still being investigated. These potentials can be
economically tapped for the development of electric power gen-
eration for remote, off-grid and grid connected consumers [29].
The total electricity generation capacity from SHP is estimated to
be in the region of 3500 WM [46]. This is well above the present
total available generation capacity for the whole country that
fluctuates around 2500 MW. With this, SHP is set to be a major
contributor to electric generation capacity in the country. Some
rural electrification projects (Table 6) using SHP are already
available, while others are in the process of being developed
[10]. A continuous effort to develop the identified potentials will
go a long way in providing electrificity to the rural communities as
well as help in overcoming the electricity crisis in the country. The
effort needs to include the development strategy to overcome the
challenges facing the SHP development in the country. The
challenges, which are also relevant to other RESs include huge
upfront financial investment, lack of skilled manpower and local
manufacturing capacity, security concern for foreign investors and
poor revenue collection culture.

3.2. Solar energy

Solar energy is harnessed through the conversion of sunlight
into electricity through the use of solar cells in solar panel. This
system is called Photovoltaic (PV) system [49].

Nigeria with her location close to the equator has high potential for
the development of full scale solar energy driven economy. Nigeria is
located within a region where sunshine is evenly distributed through-
out the year [15]. The country's annual daily average of total solar
radiation has been estimated to be 12.6 MJ/m2/day (equivalent of
3.5 kWh/m2/day) in the coastal region and 25.2 MJ/m2/day (7.0 kWh/
m2/day) in the far north. Based on these figures, an average of
6,372,613 PJ/year (E1770 thousand TWh/year) of solar energy is
estimated to fall on the entire land area of Nigeria [15,50]. One of
the advantages of solar energy in Nigeria's energy sector is that it

Table 4
Commissioned large hydropower stations in Nigeria.

Location Capacity (MW) Commissioned date River

Shiroro 600 1990 Kaduna
Kainji 760 1968 Niger
Jebba 570 1984 Niger
Zamfara 100 2012 Bunsuru

Table 5
Planned large hydropower stations in Nigeria. Data
source: [44].

Location Capacity (MW)

Ikom 730
Lokoja 1050
Zungeru 450
Mambilla hydro 3960
Makurdi hydro 1062
Onitsha hydro 1050
Gurara (Abuja hydro) 300

Fig. 3. Current and future committed capacity of Nigeria to achieve and sustain the
Vision 20:2020 [41].
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could be used for providing electricity to small settlements that are not
connected to the national energy grid; other applications of solar that
could be expanded in Nigeria are water pumping, traffic lighting, rural
clinic and primary schools lightening [41].

Among the most needed amenities to be provided in rural
settlements are small health care facilities. And some of the equip-
ments that are needed for storage of vaccines andmedical supplies are
refrigerators which could be substituted with a portable solar refrig-
erator [26].

Fig. 4 is a zone based map of solar radiation intensity in Nigeria.
Zone I comprises of states in the north-eastern Nigeria, which receive
solar radiation intensity in the range of 5500–6500Whm�2. Zone II
comprises of the states in north-west and north-central Nigeria, where
the average solar intensity ranges from 4500 to 5500Whm�2. Zone
III constitutes states from the south-west, south-east and south–south
regions; the average solar radiation intensity in this region ranges from
4000 to 4500Whm�2.

Fagbenle [51] estimated the total radiation in Nigeria using
meteorological data obtained from the country's meteorological
agency (NIMET); the study showed that there is correlation between
increase in solar radiation and the increase in latitude and irrespective
of the zone, the least total solar radiation intensity is witnessed in the
month of August. A follow up study which requires the inclusion of
the most recent metrological data is recommended to justify the
assertion. This is due to the recent changes in global climate that are
linked with fossil fuel combustion. The impacts of climate change are
manifesting on Nigeria and its neighboring countries [52]. Ref. [52]
compared simulated solar irradiance with observed data obtained
from NIMET and NASSA. The result of [52] confirmed the assertion by
showing that theminimumvalues of solar irradiance were observed at
the end of the wet season in August across the zones for both model
and the observations.

The current capacity of solar electricity in Nigeria is estimated at
less than 1 MW, which is relatively small. It is estimated that the

supply capacity of solar will increase to 1 MW by 2020 and 20 MW
by 2030 [41]. Fagbenle [54] looked into the prospects of solarization
of transport sector in Nigeria. Some of the factors that have been
noted by Ref. [54] to underpin the development of large scale solar
projects (such as transport system) in Nigeria are: lack of technical
skills to manufacture PV cells locally and the lack of modules and
arrays to achieve large scale projects. A recent study by Dada [10] has
argued that the integration of Smart/Micro-Grid would play an
important role in overcoming the challenges of RE resources in
Nigeria as small power producers like owners of roof top solar panels
and wind farms through the use of intelligent systems will be
connected to supply the country's grid system.

Due to the fact that Nigeria is located in a region that favors the
development of solar energy technology, a suggestion has been made
for a systematic and harmonized financial investment in the area of
solar energy research to reduce the country's over dependence on its
depleting fossil reserve [26]. Some of the major issues that need to be
addressed are the market competiveness of solar as it is at present 20
times higher in cost than the conventional fuels which are readily
available. Before the potential of solar energy can be tapped in Nigeria,
both government and private sectors have to play some major roles in
ensuring that there are working policies and guidelines in that respect.
In the current authors' opinion, a low interest rate loan should be
offered to members of the public who are willing to use solar panels in
their homes, small-scale businesses and farms. In Malaysia for
instance, a study on the way forward for PV in the country by
Muhammad-Sukki, Munir [55] has found that for home owners, a
soft loan facility with an interest rate of 5% is a viable way of funding
private solar programs. This could be emulated in Nigeria under
stringent government regulation.

The lack of intensive private sector involvement and the Federal
Government's role as a sole financier of the electricity sector in Nigeria
have been noted to be some of the factors that have stalled the full
scale development of RE and other energy technologies in Nigeria [41].
However, the recent policy that allows the State governments to
generate and sell electricity within their domain could lead to further
development of solar and other RE resources like SHP and wind in the
country. As at January 2014, there were over 60 solar projects in
Nigeria [15] and it is estimated that this number is expected to
increase in the future.

Fig. 4. Zone based solar radiation map of Nigeria [53].

Table 6
Summary of SHP potential sites in Nigeria. Data source [47,48].

S/No State Potential sites Total estimate generation (MW)

1 Adamawa 3 28.6
2 Akwa Ibom 13
3 Bauchi 1 0.15
4 Benue 10 13.06
5 Cross River 3 3
6 Delta 1 1
7 Ebony 5 3
8 Edo 5 3.83
9 Ekiti 6 1.25
10 Enugu 1
11 FCT 6
12 Gombe 2 35.099
13 Imo 71
14 Kaduna 15 25
15 Kano 2 14
16 Katsina 11 234.34
17 Kebbi 1
18 Kogi 2 1.05
19 Kwara 4 5.2
20 Nassarawa 3 0.45
21 Niger 11 110.58
22 Ogun 13 15.61
23 Ondo 1 1.3
24 Osun 8 2.62
25 Oyo 3 1.06
26 Plateau 14 89.1
27 Sokoto 1
28 Taraba 9 134.72
29 Yobe 5
30 Zamfara 16

Total 246 724.019
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3.3. Wind energy

Wind turbines convert the kinetic energy of the wind to electrical
energy by rotating the blades [56]. Wind is a natural resource that is
free and available both day and night. The technical potential of the
world onshore wind energy is very large—20,000�109–
50,000�109 kWh per year against the current total annual world
electricity consumption of about 15,000�109 kWh [56]. In deter-
mining the viability of wind as an energy source, it is important to
know the greatest extent possible of the wind resources before
investing in and installing a wind turbine [57].

Wind economic potential depends upon factors like average wind
speed, statistical wind speed distribution, turbulence intensities and
the cost of wind turbine systems [56]. To this end many researchers
have investigated the wind energy potentials in different parts of
Nigeria to determine its viability for power generation. Fagbenle and
colleagues [58] carried out the assessment of wind energy potential
in two sites in North-East Nigeria using 21 years' monthly meanwind
data at 10 m height. They concluded that both sites are suitable for
standalone and medium scale wind power generation. Ohunakin
[59] investigated the wind characteristics of five sites in North-East
Nigeria using 37-year monthly wind data at a height of 10 m. The
results showed that wind speeds range from 3.18 to 7.04 m/s. Similar
studies by the same author showed that the North-West and North-
East geopolitical regions have a meanwind speeds above 4.8 m/s [60]
and annual mean wind speeds that range from 2.747 m/s to 4.570 m/
s for North-Central region [61].

Nationally, the annual wind speed at 10 m above the ground
varied from 2.3 to 3.4 m/s for sites along the coastal areas and
3.0�3.9 m/s for high land areas and semi-arid regions with peak
wind speed occurring between April and August for most sites
[62,17,63]. Fig. 5 depicts the isovents of the average wind speed
data from the whole forty-four wind stations in m/s. The data is
based on NIMET 40 year's measurements (1968–2007) of wind
speeds at 10 m height from NIMET. This shows Nigeria has good
wind resources over most parts of the country [62].

Although there is vast research on the potentials of wind power
in Nigeria, its development has not attracted attention [65]. Unlike
developed and emerging countries, such as Germany, USA, UK and
China that are actively promoting and developing the wind energy

for electricity generation, the utilization level of wind energy in
Nigeria is still relatively low. The only notable wind power
generation in Nigeria is the first Nigeria wind farm (37 wind
turbines) in Rimi village (Katsina state). This has a total generation
capacity of 10 MW and is expected to be commissioned soon [66].
The project is part of the FGN's agenda to increase the contribution
of RE to electricity generation capacity in the country. Other wind
based power generations are the 5 KW in Sayya Gidan-Gada
(Sokato state), 0.75 KW in Dan-Jawa village (Sokoto state), 1KW
at Benin energy research centre (Edo state) and rehabilitated
windmill for water pumping at Kadawa village (Kano state). Many
other windmills used for water pumping installed in the 1950s
and 1960s in the Northern part of Nigeria are no longer function-
ing [67].

The low level penetration of wind energy into the energy mix
in Nigeria can be attributed to many factors, such as low financing,
lack of awareness and encouragement to embrace wind technol-
ogies and technical capacities [68]. All these need to be addressed
through appropriate policies and legislations in order to fully
utilize wind energy potentials for electricity generation in the
country. Other areas of wind application are in electricity genera-
tion for the remote communities, small-scale windmill for water
pumping and utility-scale wind power generation integrated into
the electricity grid. The most attractive sites for utility-scale wind
power generation are the coastal areas, the offshore states men-
tioned above, the inland hilly regions of the North, the mountai-
nous terrains in the middle belt and the northern part of the
country [69]. Exploration of these potentials will help in the
diversification of Nigeria's energy mix, boost electricity generation
to cope with electricity demand, create employment for youths
and contribute to the reduction of carbon footprint.

3.4. Biomass/bioenergy

Biomass refers to any living matter; including plants, algae,
micro-organisms and animals. They are compounds of carbon,
oxygen, nitrogen and sulfur, with significant amounts of free
energy in the form of chemical bonds [70,71]. The energy can be
released on breaking the molecule to generate heat, which can be
converted to mechanical work or electricity. Biomass can also be
used as a raw material for transport fuel if it is transformed into a
liquid form. In principle, both food and non-food biomass can be
used to produce fuels commonly referred to as biofuels [71], which
can either be solid, gas or in liquid form.

Solid biofuel encompasses the burning of wood for domestic and
industrial uses [72–74]. Biogas, such as methane, carbon dioxide,
monoxide, and hydrogen is produced frommicrobes [75,76]. Another
form of solid biofuel is wood gas that is produced from chemical
cracking of wood. Large and heavy tanks are required for storage of
gas hence it is not desirable as a transport fuel. Its major application
is for domestic purposes. Liquid fuels are more attractive due to high
energy densities and can be stored in light-weight tanks [77].

It is expected that the global biofuel production and usage
should provide solutions to environmental problems including
sustainability, climate change, and biodegradability among others
[78]. The production and use of biofuel is not new; in 1900 Dr
Rudolf Diesel's engine was fueled with peanut oil [79]. The global
acceptance of biofuels showed a great increase in the past as a
result of their benefits to the environment. More recently, the
public acceptance decreased again due to the public concerns that
gave rise to ‘food versus fuel’ debate [80,81].

The biomass resources available in Nigeria are wood, forage
grasses and shrubs and livestock manure etc. [65,82–84]. Another
source of bioenergy that is available in Nigeria is animal waste. It is
estimated that Nigeria generates about 227,500 t of fresh animal
waste daily; and since 1 kg of fresh animal waste produces about

Fig. 5. Isovents of average wind speeds in m/s based on 40 year's measurements
(1968–2007) at 10 m height [62,64].
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0.03 m3 biogas, Nigeria has the ability to potentially produce about
6.8 million m3 of biogas per day from the generated animal waste
only [46]. Over 80% of Nigerians depend on fuel wood for cooking
and heating and the current energy policy of Nigeria has deem-
phasized the use of fuel wood for energy. The potential of
bioenergy resources in Nigeria for bioelectric power generation
and the role of bioenergy in curtailing the country's electricity
crisis are promising [16].

The idea of bioenergy may not be welcomed in Nigeria especially
when food crops are involved. However, it is noted in Ref. [85] that
concept of biofuel which would result in immediate benefits to
Nigeria, is the production of biogas waste, which does not require
irrigation or land usage and also has the potential to make the
environment cleaner. The production of biogas from waste would
result in a decrease in use of firewood for energy in Nigeria.

Globally, some of the factors affecting the production of biofuels
include the feedstock usage, availability as well as inefficient produc-
tion strategies [86]. High cost of enzymes that are required for large
scale feedstock processing which make the production expensive
affect the biofuel industry [87–90]. However, in the case of Nigeria,
the materials that are needed for biofuel and biogas production are
readily available but the technical skill and infrastructures for large
scale bioenergy production are lacking.

The results of a number of experimental studies on biofuels and
biogas production in Nigeria have been published in the literature,
for instance, biogas from organic waste by Ref. [91], ethanol
production from agricultural residue by Ref. [92], biofuels produc-
tion from cocoa pods and plantain peels by Ref. [93], biogenic
waste methane emissions and methane optimization by Ref. [94].

4. Government policies and legislations on renewable energy

It is very clear from the current status of RE in Nigeria that the
application of RE technologies for electric power generation in
Nigeria has been slow. New measures to boost the growth of RE in
the country are needed. These measures will come in form of
policies, regulations, legislative framework, licensing arrangements
for private-sector operators, Feed-in Tariffs and clarifying market
rules for RE services and products [46]. Here we discuss some
policies, regulations and legislation frameworks that can speed up
the development of RE for power generation in Nigeria.

4.1. Power sector reforms and regulations

The enactment of the Electricity Power Sector Reform Act (EPSA)
of 2005 by the Federal Government marks the end of vertically
integrated electric utility in Nigeria. The Act stipulates the unbund-
ling and privatization of electricity sector thereby allowing IPPs to
generate and sell to the national grid. The general aims of the reforms
in Nigeria like deregulated electricity industries in other countries
across the globe are to improve efficiency, to create a more
competitive energy-producing industry, to attract new – outside –

investors and also to divest the state of over-regulated, and often
heavily indebted, electricity undertaking, providing welcome cash for
the government that can be spent on social services [95–97]. EPSA
established the National Electricity Regulatory Commission (NERC) to
coordinate the activities of the deregulated electricity market. Rural
Electricity Agency (REA) was also established with the statutory
functions of promoting, supporting and providing electricity access to
rural and semi-urban areas of the country. REA is responsible for
administration of the Rural Electrification Fund (REF), which provides
autonomous funding opportunity through the Renewable Electricity
Trust Fund (RETF) [98]. Private individuals are also allowed to own
and operate off-grid power generator with a capacity of less than

1 MWwithout acquiring electricity license from NERC and regardless
of the fuel type [65].

Recently, NERC signed two regulations – the Independent
Electricity Distribution Network (IEDN) and Embedded Generation
2012. The regulation on embedded generation permits investors,
communities, state and local governments to generate and dis-
tribute electricity for their exclusive consumption using facilities
of existing electricity distribution companies or independent
electricity distribution network operators, while the regulation
on independent electricity distribution networks permits commu-
nities, local and state governments to invest in electricity distribu-
tion networks in areas without access to the grid or distribution
network or areas poorly serviced [99]. The regulations along with
EPSA will positively impact investments in RE power generation in
Nigeria, especially in the remote communities where the cost of
grid extension is extremely high.

4.2. National energy policy and renewable master plan

The Nigeria government approved the National Energy Policy
(NEP) in 2003 with main focus on the viable energy sources for
sustainable national development. RE is one of the energy types
articulated in the policy [100]. The objectives of the NEP are detailed
in Refs. [101,100]. The Renewable Energy Master Plan (REMP)
developed in 2005 and lunched in 2006 aims to promote the use
of RE, boost energy diversification, and help to reduce carbon
footprints. To achieve this, REMP set a map to increase the share of
RE in the national energy supply mix through three development
stages: short term, medium term and long term [102]. The target set
for the three development stages is shown in Table 7. The develop-
ment of REMP and the growing demand for increased penetration of
RESs into the Nigeria electricity supply mix [103,104] are attributable
to the availability of abundant and diverse renewable energy sources
(RESs) in Nigeria as highlighted in previous sections.

4.3. Other relevant policies and regulations

Energizing Access to Sustainable Energy (EASE) program aims to
improve the enabling framework conditions for renewable energy
and energy efficiency in Nigeria. It focuses on the use of renewable
energies by Small and Medium Enterprises (SMEs) and households
and aims to address the massive deforestation and cutting of trees for
fuel wood, which is the main energy source for the majority of the
population, by planting more trees. EASE program will also con-
tribute to resource conservation and help fight CO2 emissions. The
program is in partnership with the World Bank and the GIZ
(Deutsche Gesellschaft für Internationale Zusammenarbeit) [46].

The Nigerian biofuels policy and incentives drafted in 2007 by
the Nigerian National Petroleum Corporation (NNPC) aims to
integrate agricultural activities with oil and gas exploration and
production. The policy targets to address the key government
plans with regard to ethanol and biodiesel production across the
country. A detailed description of objective, anticipated benefits
and investment incentives can be found in Ref. [105].

4.4. Summary

The above described policies and regulations are still short of
market-oriented policies that can drive the increased RE investors'
participation in constructive development of the available RE
resources in Nigeria. Incentives through effective policy making is
absolutely necessary to strengthen the prospect for investment and
development of RE technologies in the country [65]. A major problem
confronting the RE in the country is the high upfront installation cost,
which is beyond the reach of a large percentage of Nigerian popula-
tion. The only solution is to encourage the private sector to drive the
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development of RE. This can be done through incentive-oriented-
policies, such as Feed-in tariffs [106] as in many European Member
States and elsewhere [107,108], tax rebate, subsides and zero import
duty on RE equipment, access to affordable loan and investment in
research and development in areas of RE power generation systems
and its integration into the electricity grid.

5. RE development in sub-Sahara African countries

This section will present an overview of RE development in some
African countries and compare their efforts with that of Nigeria. The
countries considered are South Africa, Ghana, Cameroon and Senegal.

5.1. RE in South Africa

South Africa has the most ambitious renewable energy aspira-
tions among all countries in the continent. The 1998 Energy Policy
of South Africa states that the country will acquire 15% of its
national supply from RE [109]. Going by this, South Africa's RE
supply should be about 15% or more than that at present. The
question is has the county achieved this target? An analysis of the
energy mix in South Africa by Ref. [110] has shown that as in 2008,
coal contributed 86%, nuclear contributed 5% of the country's
energy mix. Other sources are hydro and gas which combined to
contribute 9% of the energy mix. Pegels [110] noted that in spite of
a high RE resource potential, there has so far been little growth in
the deployment of renewables in South Africa. The two major
factors that have been identified to stall the RE development in
South Africa are the country's energy innovation system and the
economics of renewable energy technologies [110]. The research
on energy in the country has been argued to be centered on fossil
resources, which is a tradition inherited from the apartheid
regime. In Nigeria for instance, the tradition has been that the
FGN is a sole financier of the electricity sector. This was inherited
from the military regimes.

Large industrialization and the extensive dependence of the
South Africa's electricity sector (with installed capacity of
42,000 MW) on fossil fuel have resulted in enormous greenhouse
gases emission. One of the most promising RE resources in South
Africa is solar, another RE resource that could be used to power the
country's economy is wind which has an estimated supply
potential of 184 TWh [111]. The government of South Africa has
introduced several policies to support RE in the country. One of
such policies is the feed-in tariff. The renewable energy feed-in
tariff was launched in 2009. It requires the national electricity
utility Eskom, to purchase renewable energy from qualifying
generators at predetermined prices [111–113]. These

predetermined prices act as an incentive to renewable energy
developers and private investors by reducing financial risk and
providing market certainty [114]. In order to achieve the goal of
15% RE in South Africa, private investors need to play a vital role as
highlighted by [112]. The private companies in South Africa do not
have to wait for government to drive the process towards achiev-
ing the Integrated Resource Plan. The private investor could bring
about their own plans that would benefit them financially [112].
The involvement of private investors in RE deployment in both
South Africa and Nigeria will serve as major driver towards
achieving an RE driven economy in the countries.

5.2. RE in Cameroon

The situation in Cameroon is similar to that of Nigeria in the
case when one looks at things from the angle of population
dependence on fuelwood for energy. The environmental conse-
quence of excessive exploitation of firewood is prevalent [115].
Studies by the World Bank estimate urban electricity accessibility
at between 45% and 50% in Cameroon. However, the national
averages are generally very low [116,117]. It is estimated that only
15% and 5% of the urban and rural populations, respectively have
access to electricity in Cameroon [115,118].

The theoretical estimate of solar energy potential in Cameroon
ranges from 4 to 5.8 kWh/day/m2 [115,119,120]. The wind speed
ranges from 2.8 to 4.1 m/s in the north and 1.2–1.8 m/s in the
southern part of the country [115,121,122]. The hydropotential in
Cameroon is estimated at 115 TWh/year and this makes the
country the second largest hydropotential in Africa after Demo-
cratic Republic of Congo [123]. Other RE resources available in
Cameroon are biomass, geothermal and tidal [115,124,125].

Despite this huge RE potential in Cameroon, the absence of
clear renewable energy policy in the mix and lack of enthusiasm
from the government are major factors that have stalled the
deployment of RE in the country; and these need to be addressed
by the government and policy makers [124,126].

Compared with Nigeria, the RE development in Cameroon is
slow since it has been argued by Ref. [124] that there is no clear
government policy on RE. Nigeria has these policies on documents,
but the implementation of government policies in Nigeria is a
major challenge.

5.3. RE in Ghana

Ghana's Renewable Energy Development Program [127] aimed
to assess the availability of renewable energy resources and to
examine the technical feasibility and cost-effectiveness of RE
technologies in the country among other goals. The program
[127] highlighted and discussed the RE potential of Ghana group-
ing them into two major groups; biomass and solar. Ref. [127]
identified major RE projects in the country and suggested how
they could be improved. Ghana has been argued to achieve
commendable access to modern energy services compared to
her sub-Saharan peers [128]. Increases in industrialization and
urbanization have resulted in high energy intensity in Ghana. To
reduce the energy intensity, Ref. [129] suggested that policies
aimed at encouraging the production of less energy intensive
products and implementation of high energy efficient technologies
in the manufacturing sector should be promoted. Ghana's renew-
able energy resources could be harnessed to play a role in
supplying both rural and urban households.

There are huge biomass resources in Ghana that have the
potential for use as feedstock for biogas production to reduce
the country's over dependence on fuelwood and fossil resources
[130]. Ref. [130] assessed the potential of biogas in Ghana and
concluded that the country has potential of constructing about

Table 7
Target for renewable energy contribution to electricity generation in Nigeria [100].

Renewable energy
sources

Short—2015
(MW)

Medium—2020
(MW)

Long—2030
(MW)

Large hydro power
(LHP)

4000 9000 11,250

Small hydro power 100 760 3500
Solar photovoltaic 300 4000 30,005
Solar thermal 200 2136 18,127
Biomass 5 30 100
Wind 23 40 50
All renewable sources 4728 15,966 63,032
All energy sources 47,490 88,698 315,158
% of Renewable sources 10% 18% 20%
% Renewable minus
LHP

1.3% 8% 16%
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278,000 biogas plants; and as of 2011, only about 100 biogas plants
have so far been constructed. In 2008, fuelwood contributed 72%
of primary energy supply in Ghana while the percentage contribu-
tions of hydro and crude oil were only 6% and 22% respectively
[130,131]. This demonstrates the nation's over reliance on fuel-
wood for charcoal and firewood as it is the case in other sub-
Saharan African countries like Cameroon and Nigeria.

In sub-Saharan African countries, the deployment of biogas
technology has been relatively unsuccessful [130]. This is attrib-
uted to failure of governments to support biogas technology
through a dedicated energy policy, poor design and construction
of digesters, wrong operation and lack of maintenance by users
[130]. Other factors that have been identified to slow down the
deployment of the technology are nonexistence of project mon-
itoring and follow ups by promoters, and poor ownership respon-
sibility by users [130,132]. Another standalone factor that has been
slowing the technology is its economy. For instance, in 2009, the
average investment cost of a 10 m3 biogas plant ranged from
$2800 to $4200. These figures are far above the financial capability
of a rural farmer or a nomadic cattle famer [132]. Ref.[130]
concluded that intensive public education program and well
developed institutional framework are required for the successful
deployment of biogas technology in Ghana. We argue that this
should also be applicable in other sub-Saharan African countries
like Cameroon, Senegal and Nigeria.

5.4. RE in Senegal

Like Nigeria, Senegal is facing energy crisis with majority of the
rural population living without access to electricity. Despite large-
scale potential of RESs for electricity generation in the country, nearly
85% of rural population has no access to electricity [133,134]. As
argued in Ref. [135], the energy crises could be curtailed if RE is used
as a primary source of energy in rural areas. Senegal has good
potential to generate on-grid and off-grid electricity using solar,
wind, hydro and biomass. RE potential in Senegal has been demon-
strated in several studies. The solar irradiation is estimated to be
above 2000 kWh/m2/year for global horizontal irradiation and above
1800 kWh/m2/year for direct normal irradiation [136]. The wind
power potential is concentrated along the coast with observable
wind speed of 3.7–6.1 m/s in the 50 km-long coastal strip between
Dakar and St. Louis [136,137]. The hydroelectric potential of Senegal
and Gambia rivers is estimated at 1400 MW. Solid biomass and liquid
biofuels also have potential in Senegal [138]. Biomass dominates the
energy source with a contribution of over 50% of the national energy
balance [138]. Agricultural and agribusiness by-products are abun-
dant with very good potential for on-grid and off-grid electricity
generation, while plant species such as plant oil, jatropha-curcas, cat-
tails, sunflower, cotton, castor, sweet sorghum etc. are expected to
play a significant role in biofuel production in Senegal [133,136,139–
141].

Senegal is far ahead of Nigeria in the promotion of RE devel-
opment in the rural areas. Since 2008 the new Energy Sector
Development Policy Paper has been in place with a clear direction
for RE [138]. The policy sets a penetration rate for renewable
sources of energy and biofuels of at least 15% of internal energy
consumption by 2020 [137]. The commitment to institutional
reform and policy has positioned Senegal as a leader in RE
promotion in the Economic Commission of Western Africa (ECO-
WAS) region leading to the country being tasked to develop solar
energy projects in the sub-region by Heads of State and Govern-
ment in the ECOWAS Summit held in July 2010, and subsequently
chosen as one of the pilot countries to field-test the methodology
being developed by International Renewable Energy Agency
(IRENA) for the renewables readiness assessment [138].

6. Conclusions

The unabated electricity crisis and the need to reduce the
greenhouse gases should be the major drivers for the pursuing RE
options in the Nigeria. This work presented the current status of
the major RE technologies in Nigeria to help advance the course of
RE for power generation. The potentials of RE in the country,
planned and existing RE projects are reviewed. Relevant policies
and legislations are highlighted, and suggestions for market-
oriented policies were discussed. The paper also presented an
overview of RE development in sub-Sahara Africa by discussing
the status of RE in South Africa, Cameroon, Ghana and Senegal.

The importance of RE to Nigeria energy mix is very clear and
well recognized. The large body of research works on RE shows
that nearly all parts of the country have the potentials for
electricity generation using at least two forms of RE technologies.
Despite this, the RE development in Nigeria is very slow compared
with the developed and emerging countries. Wind power use for
electricity generation is still relatively small. However, the experi-
ence gained from the installation and commissioning of Nigeria's
first wind farms is expected to encourage further investment in
the wind power technology in Nigeria. Solar power products are
booming in current energy market worldwide [142]. The installed
capacity of the solar power plants in Nigeria would be boosted if
policy on feed-in-tariffs is put in place. The electricity grid must
however be made ready for RE integration using available tech-
nologies as discussed in Ref. [10]. The support for the SHP
development in the country through United Nations Industrial
Development Organization (UNIDO) – Regional Centre for SHP in
Africa is encouraging and should be intensified.

The potentials of RE for power generation are there but more
efforts to enhance RE utilization in the country are needed. Private
partnership agreement, investment in research and development,
government incentives through appropriate policies and regulations
backed by legislations are the way forward to promote and support
the use of RE in Nigeria. New market-oriented policies and legisla-
tions are needed to enhance incentives for the development of RE.
This can be done through a variety of methods, including the
acquisition mechanisms, incentives for demonstration projects, and
the loosening of regulatory restrictions [142]. Appropriate market-
driven policies will lead to a significant growth in RE development
and utilization in the country. The RE for both on-grid and off-grid
electricity generation needs to be continuously promoted and
encouraged through the strengthening of research and development
capability, training of manpower, operation and maintenance culture
and local manufacturing of RE equipment. An integrated power
solution based on the current centralized power systems and
decentralized electricity generation using RE technologies needs to
be rigorously pursued in order to overcome the present electricity
crisis, thereby moving the country towards economic prosperity.

The suggested methods for promoting the utilization of RE in
Nigeria are equally applicable to other sub-Sahara African coun-
tries. The major factors militating against the RE deployment in
most of these countries are lack of government clear policies on RE
and the economy of RE technologies.
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