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Abstract: Renewable energy resource utilisation is becoming more prevalent in society and can be a
sustainable method to meet rising energy demand and consumption. The International Renewable
Energy Agency reports that presently, approximately 33% of total electricity output around the world
is from renewable energy sources. However, in Nigeria, the World Bank reported this figure as 18.2%
in 2015. It is important to understand how Nigeria can raise this average as the world moves towards
less use of fossil fuels. Therefore, the aim of this work was to provide a review of the established
literature, which can then be used to support the development of renewable energy systems in
Nigeria. The methodology employed for the study of the literature involved a systematic review
method, including identification, screening, eligibility and inclusion criterium steps. Understanding
the national energy landscape is essential to support potential projects, and consequently, energy
supply, demand and consumption in Nigeria are observed. The review examined renewable energy
sources in Nigeria with a focus on solar and biomass/bioenergy. The levelised cost of electricity from
renewable technologies was analysed, and the paper identified and evaluated past projects centered
on solar and biomass, presenting three main case studies. The results indicate that solar and biomass
have the most potential for energy generation in Nigeria, with 4–6.5 kWh/m2 of solar irradiation
available per day and approximately 2.3 × 109 GJ bioenergy potential per year. However, solar PV is
currently of most interest in Nigeria due to the lower cost of on-grid solar PV electricity, which can
comfortably compete with fossil fuels. Nevertheless, costs still need to be lowered to compete fully.
Finally, the findings also indicate that there is an omission in the literature surrounding the existing
renewable projects and technologies in Nigeria.

Keywords: bioenergy; biogas; electricity; Nigeria; solar energy; sustainable development

1. Introduction

Worldwide, there are over 860 million people without access to power. Sub-Saharan
Africa accounts for 600 million [1]. Over the last century, extensive research has focused on
the synergies between energy and development. Research has found that inclusive growth
is not possible without modern energy [2]. Global energy demand is growing rapidly, and
by 2035, worldwide energy consumption is projected to double [1]. Consequently, there
have been major concerns about how to meet demand sustainably.

Currently, Nigeria has an electricity problem. The Nigerian “energy supply crisis”
is referred to as the continuing failure of the Nigerian government and power sector to
provide an adequate electricity supply to urban and rural communities. This is reflected in
the low overall electrification rate in Nigeria, which stands at 56.5% [3]. Energy demand is
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estimated at approximately 17,520 MW annually, but peak generation capability is around
5300 MW [4]. The Nigerian energy sector is greatly dependent on petroleum and fossil
fuels for energy and electricity production. The International Renewable Energy Agency
(IRENA) reports that presently, approximately 33% of total global electricity output is from
renewable energy sources, whereas, in Nigeria, the figure is 18.2% [5,6]. This exerts pressure
on the limited renewable energy resources available as fossil fuel availability continues to
deplete. Thus, the appeal for renewable energy sources has grown exponentially in the
pursuit of climate change mitigation whilst still expanding energy access. The development
of renewable energy can lead to the reduction in greenhouse gas emissions and can also
have other benefits, such as contributing to the creation of new jobs, called “green jobs”.
Additionally, indirect benefits such as a reduction in deforestation and soil erosion due to
inefficient and unsustainable consumption of biomass. Incorrect burning of biomass can
also lead to greenhouse gas emissions, and indoor smoke can cause respiratory diseases in
children and adults.

The main aim of this study is to provide a review of the current energy situation and
renewable energy resources in Nigeria. This study is important as it fills omissions/gaps
in research on the energy crisis in Nigeria and will support renewable energy system
development in Nigeria.

2. Methods
2.1. Literature Review Methodology

A comprehensive analysis of the literature and extraction of relevant information
was carried out. The literature review was completed strategically using four main steps:
identification, screening, eligibility and inclusion. For identification, appropriate publica-
tions were found using Google Scholar. The main keyword combinations were: energy
+ Nigeria; electricity + Nigeria; solar + Nigeria; biomass + Nigeria. In order to validate
the method of search, the keywords were searched on the Science Direct website. The
input of the keywords “Energy Nigeria” on Google Scholar gave 1,260,000 results, whereas
Science Direct gave 30,152 results. This validates the search method as Google Scholar
gives a wide range of research outputs, including the grey literature, such as reports and
government papers.

The time frame set (2000–2020) was purposely broad due to the fact that between 2000
and 2005, the electricity crisis in Nigeria was gaining the most attention, and therefore, a
lot of literature was published. Following the identification of the literature, the records
were screened. This involved reading the title and abstracts; inappropriate studies were
excluded based on the main focus of the study and its relevance to Nigeria. Suitable records
were progressed to the eligibility step. In the eligibility step, full-text articles were read
and assessed. Relevant studies were included, which is the last step. The flow chart for the
literature review methodology is presented in Figure 1.

2.2. Methodology Limitations

There are some methodological limitations in this paper. Firstly, the literature review is
limited to online information. Secondly, the analysed publications were retrieved from the
Google Scholar database only. Google Scholar is often criticised due to a lack of screening
for the quality of the journals on the database. However, the literature review methodology
employed reduces the effect of this as studies are screened before inclusion. Moreover,
studies found that Google Scholar produces more coverage than other databases such as
Web of Science and Scopus [7,8]. Finally, the keywords used, such as “energy + Nigeria”
could pose a study limitation as relevant articles could be missed because the authors failed
to use these specific keywords.
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Figure 1. Literature review methodology flowchart.

3. Results
3.1. Energy Situation: Demand and Consumption in Nigeria
3.1.1. Energy Consumption

Global consumption patterns have shown that some African countries have the
lowest rates of energy usage in the world—in 2017, Nigeria’s energy consumption was
25.79 billion kilowatt-hours. In comparison, the global average (based on 190 countries)
was 117.31 billion kilowatt-hours [9]. This illustrates the gap between where the nation
is and where it should aspire to be. Generally, the annual growth rate of total energy
consumption has fluctuated strongly since the 1970s. A total consumption growth rate of
38% was recorded in 1977, 1% in 1985 and 5% in 2010. A negative yearly rate was recorded
in 1995 and 2000 with −29% and −1%, respectively [10]. In Nigeria, energy consumption
patterns are divided into five main sectors: industrial, commercial, transport, agricultural
and household [11]. In both energy and electricity consumption sectors, the residential
sector accounts for most of the energy usage. The main energy-consuming activities within
the residential sector are cooking (91%), lighting (6%) and electrical appliances (3%) [12].
The International Energy Agency (IEA) provides data on energy consumption in Nigeria
from 1990 to 2017.

Energy production in Nigeria is considerably higher than energy consumption. In
2017, the nation consumed approximately 1.54 quadrillion BTU (British Thermal Unit) of
energy, which represented only 0.26% of global energy consumption. In the same year,
Nigeria produced 5.95 quadrillions of energy which covers 386% of Nigeria’s yearly energy
consumption needs [13]. Any “extra” energy is exported to neighboring nations and other
countries. The impact of energy consumption on a country’s GDP has been researched for
many years in order to understand the relationship between them. A range of important
policies and regulations in the Nigerian energy sector are explored and summarised in
Table S1 in Supplementary Information. This details renewable energy and general energy
policies in Nigeria.

3.1.2. Energy Demand

Energy demand can be described as “the consumption of energy by human activ-
ity” [14]. Currently, energy demand is estimated at approximately 17,520 MW annually, but
peak generation capability is around 5300 MW [4]. The population in Nigeria is estimated
to grow from 115 million in 2000 to 281 million by 2030, which results in an average yearly
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growth rate of 2.86% between 2000 and 2030 [12]. This rapid growth has a direct effect on
energy demand.

Studies by Sambo et al. [15,16] found that population is a major driver of energy
demand in Nigeria; however, the most important determinant is economic activity and
structure. The study used models developed by the Energy Commission of Nigeria (ECN)
to analyse Nigeria’s energy demand between the years 2000 and 2030. The energy demand
projections were computed using MAED (Model for the Analysis of Energy Demand). Four
economic scenarios were designed: reference (7% GDP growth), high growth (10% GDP
growth), optimistic 1 (11.5% GDP growth) and optimistic 2 (13% GDP growth). Table 1
shows the electricity demand projections for each scenario. The results showed that in
the four adopted GDP growth scenarios, there was a substantial increase in electricity
demand over 20 years (2010–2030). For example, 7% GDP growth was estimated to have
an electricity demand projection of 15,730 MW in 2010. Optimistic GDP growth of 13% in
the same year was estimated to have resulted in electricity demand of 33,250 MW, which
is over 50% more than the 7% figure of 2010. This indicates that a high economic growth
rate corresponds to higher energy demand, and as a result, Nigeria needs to exploit the full
capacity of energy generation in the country. This will assist the country in GDP growth and
also encourage electricity demand to grow, which is an indicator of economic development.
As 2030 approaches, the Nigerian government can use the computed energy demand
projections to track progress and where they should be in terms of electricity demand.

Table 1. Energy demand projections for Nigeria. (Data taken from: [16].

Electricity Demand Projections Per Scenario (MW)
Scenario (GDP Growth %) 2010 2015 2020 2025 2030

Reference (7%) 15,730 28,360 50,820 77,450 119,200
High Growth (10%) 15,920 30,210 58,180 107,220 192,000
Optimistic 1 (11.5%) 16,000 31,240 70,760 137,370 250,000
Optimistic 2 (13%) 33,250 64,200 107,600 172,900 297,900

A report by ExxonMobil (2019) [17] details three main drivers of energy demand as
policy, technology and consumer preferences. However, the interplay and importance
between the three vary and depend on the local circumstances, such as available resources
and public support. This is detailed further in Figure 2.

Figure 2. Three key drivers of global energy demand. Source: Modified from [17].
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3.2. Energy Resources: Supply and Production
3.2.1. Energy Supply Status

Presently, Nigeria uses mostly fossil fuels for electricity production; the energy sector is
greatly dependent on petroleum to supply energy to the population. The three main energy
types utilised are natural gas, oil and coal, which are described in Table 2. Natural gas, crude
oil and coal are all linked with increasing greenhouse gases, with coal emitting the most.
The main environmental impacts of each source of energy include mining of natural gas
potentially leaking large amounts of methane gas, oil spillages resulting in environmental
pollution and black carbon from coal having harmful effects on the environment. This is
explored further in Table 2. Research shows that the primary energy source in Nigeria is
biofuels and waste, followed by oil and natural gas. Solid biomass and waste account for
approximately 80% of total primary energy consumed in Nigeria [18].

Table 2. Environmental Impacts of Fossil Fuels In Nigeria.

Resource Description/Information Environmental Impact Carbon Dioxide
(LB/Million BTU) Ref

Natural Gas

• Estimate of 600 trillion undiscovered reserves [19].
• Natural gas reserves can produce twice as much as

oil; however, ~70% of natural gas is lost through
flaring/leakage. The wasted flared gas can meet
over 50% of Africa’s energy needs and has cost
Nigeria over USD2.5 billion [20–22].

• Sambo (2008) found that Nigeria was able to reduce
gas flaring to 36% in efforts to monetise the gas [16].

The mining of natural gas has the
potential to leak vast amounts of
methane (which is 34 times
stronger than carbon dioxide) into
the environment.

117 [23–28]

Oil

• Despite having the 10th largest supply of oil in the
world [29], the internal production of petroleum
does not meet annual consumption in Nigeria.

• Nigeria has four main refineries with a total
installed capacity of 445,000 barrels per day which is
very low compared to the estimated potential of
5 million barrels per day by 2030 [16].

• Lack of domestic refining facilities and modern
technologies for domestic gas utilisation means
continued importation of fossil-fuel products. Oil
contributed 25,541 ktoe of total energy supply
in 2017.

Plenty of energy is needed to
produce and refine the oil. Pipeline
oil spills also result in land, water
and air pollution. Burning the oil
afterward also adds to emissions.

164 [24,27]

Coal

• Coal was originally discovered in Nigeria in 1909,
with mining beginning in 1916.

• Coal production peaked at 905,000 tonnes in 1959,
contributing to over 70% of commercial energy
consumption; however, following this, production
started to fall.

• In 2001, coal contributed only 0.02% to commercial
energy consumption [11]. Despite the decline in coal
production, coal can still be exploited for power
generation, steam production and other important
trades such as cement production.

Due to their light-absorbing
qualities, black carbon has harmful
effects on the environment.

208 [23–25,27,30]

3.2.2. National Grid System

The national grid has a total installed capacity of over 11,000 MW but an avail-
able capacity of only over 7000 MW. In fact, in 2012, Nigeria generated approximately
4000–5000 megawatts of power for a population of 150 million people [31]. By using the
rule of thumb on power identified in a paper by Vincent and Yusuf (2014) [32], there should
be 1000 MW per 1,000,00 people. Currently, the Nigerian population is approximately
202 million, which means power generation should be around 202,000 MW; as a result,
Nigeria has a power deficit of over 190,000 MW [33]. The poor energy situation and
power deficit can be attributed to a range of problems associated with the national grid
network: physical deterioration of transmission lines, lack of maintenance of facilities,
illegal connections/theft and outdated technology used by consumers [34].

The Nigerian transmission network has a maximum electricity wheeling capacity
of only 6056 MW, which is much lower than the national demand for electricity [35].
Inadequate infrastructure and a fragile, radial system mean that the network is more prone
to voltage instability and then voltage collapse. Voltage collapse is associated with a weak
and stressed system; collapses lead to partial (p/c) or total (t/c) system crashes, which
result in blackouts. Table 3 shows data of partial and total collapses on the national grid
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between 2000 and 2019. The data show the highest level of system collapses occurred
between 2003 and 2004, with another increase between 2008 and 2010. The values are
presented in a graph in Figure 3.

Table 3. Total System Collapses, 2000–2019.

Year Partial Collapse Total Collapse Total System
Collapse Ref

2000 6 5 11 [36,37]
2001 5 14 19 [36,37]
2002 32 9 41 [36,37]
2003 39 14 53 [36,37]
2004 30 22 52 [36,37]
2005 15 21 36 [36,37]
2006 10 20 30 [36,37]
2007 8 18 27 [36,37]
2008 16 26 42 [36,37]
2009 20 19 39 [36,37]
2010 20 22 42 [38]
2011 6 13 19 [38]
2012 8 16 24 [38]
2013 2 22 24 [38]
2014 4 9 13 [38,39]
2015 4 6 10 [38,39]
2016 6 22 28 [38,39]
2017 9 15 24 [38,39]
2018 1 12 13 [38,39]
2019 - - 11 [39]

Figure 3. The total system collapse incidents in Nigeria between 2000 and 2019. (Data from Table 3).

Figure 3 shows that the frequency of system disturbances is decreasing (negative
trendline). However, the standalone figures show that the frequency is still high. The key
studies analysing system collapses (Table 3) are successful in presenting reliable information
and arriving at a valid conclusion as they present the same values. This demonstrates
high accuracy within the literature. The two sources for 2010–2019 [38,39] were published
within four months of each other (October 2019 and February 2020), which also implies
high accuracy. Nonetheless, information for 2019 is difficult to find.

3.2.3. Power Generating Sets

To make up for the lack of reliable electricity supplied by the national grid, many
Nigerians have been forced to find alternative off-grid solutions. Investigations have
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found that over 60 million Nigerians own personal power generating sets, as illustrated by
Figures 4 and 5. This translates to 26% of households and 86% of operating businesses [40].

Figure 4. Domestic diesel generator in a home-Lagos, Nigeria (plan view). Source: [41].

Figure 5. Power generating set in a home—Lagos, Nigeria. Source: [41].

Generators range from 0.5 kVA (0.4 kW) for a small business kiosk to large generators
of 75 kVA (60 kW), which service residential estates and industries [42]. A 2014 World Bank
survey showed that 27% of the Nigeran firms contacted identified inconsistent electricity
supply as the primary inhibitor of doing business [43]. A study by Ikhuosho-Asikhia
(2014) investigated the effects of generators on small-scale Nigerian businesses. The results



Energies 2022, 15, 5514 8 of 20

showed that 71% of businesses thought that generators do not profit their business, and 74%
were willing to pay more for an environmentally friendly constant supply. Additionally,
the study revealed that small-scale businesses with lesser income spend 46% of their annual
income on the fueling and maintenance of generators [44]. The Access to Energy Institute
analysed expenditure on generators in Nigeria. The data show that most expenditure is
spent on fuel and maintenance of the generators.

A key study by Osagie et al. (2016) investigated the human experiences and per-
ceptions of fossil fuel generators in Nigeria [45]. Diesel exhaust contains over 40 toxic
contaminants, such as nitrogen oxide, which is bad for the environment and can cause
respiratory illnesses. Fire incidences, skin burns and electrocutions are also frequent. The
Access to Energy Institute reports approximately 1500 deaths annually from inhaling gen-
erator smoke and carbon monoxide. The institute also reports that 2/3 of generator users
described impaired hearing, and users also have a 70% increased risk of lung cancer [46].
The research shows that 100% of the population in Nigeria is exposed to air pollution
levels that exceed World Health Guidelines and cause damage worth 1.5% of gross national
income [47].

3.2.4. Renewable Energy in Nigeria

Over the past two decades (2000–2020), there has been a global push towards reducing
greenhouse gas emissions. As a result, energy systems are moving towards low-carbon
technologies such as renewable energy sources (hydropower, bioenergy, wind, solar, marine
and geothermal) and nuclear energy. This process of transitioning from the use of fossil
fuels to low-carbon energy sources is known as “decarbonisation”. The International
Renewable Energy Agency reports that presently, approximately 33% of total electricity
output globally is from renewable energy sources [5]. In Nigeria, the World Bank reports
this figure as 18.2% in 2015 [6]. Nigeria is abundantly blessed with conventional and
renewable energy sources. A map of Nigeria is presented in Figure 6. Alas, most of the
available renewable resources are untapped. Table 4 presents the renewable potentials per
resource type in Nigeria. The table shows that biomass, solar and large hydropower have
the highest energy potential in Nigeria, but current utilisation is still low. Less than 30% of
each renewable energy source potential is utilised.

Figure 6. Map of Nigeria (plan view). Source: [49].
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Table 4. Renewable energy potential. Data taken from [48].

Resource Potential Current Utilisation

Wind 2–4 m/s
(10 m height mainland) N/A

Small Hydropower 3500 MW 64.2 MW
Large Hydropower 11,250 MW 1900 MW

Solar 4–6.5 kWh/m2.day 15 MW (dispersed solar PV)

Biomass

Municipal Waste 0.5 kg/capita.day

Energy Crops 28.2 million hectares of arable land (8.5% cultivated)

Fuel Wood 43.4 million tonnes/year (consumption)

Agricultural Residues 91.4 million tonnes/year (produced)

Animal Waste 245 million (assorted animals in 2001)

Wind Energy

Wind energy potential and wind speed in Nigeria vary from approximately 2 m/s
in the coastal region and 4 m/s in the far northern region (Table 4). The use of wind for
electricity generation is relatively new due to rapid growth in technology. In order to
transform the energy in moving air into mechanical energy, a range of conversion systems
can be used, such as wind turbines, generators and dynamos [32]. A wind mapping project
carried out by the Ministry of Science and Technology resulted in wind energy resource
mapping in Nigeria. This indicated a very small and local potential for wind energy. In
fact, Nigeria falls under a poor/moderate wind regime. Despite this, there are two large
wind farm projects in Nigeria; a 10 MW project in Katsina and a 100 MW project in Plateau
State [48].

Hydropower Energy

Hydropower is the world’s biggest source of renewable electricity generation supply-
ing 70–80% and currently accounts for 16% of the world’s total power supply [50]. Nigeria
is endowed with various bodies of water, including large rivers and natural falls, with
11 key river basins located around the country. The research shows that the river systems
can provide a total of 70 micro dams, 126 mini dams and 86 small hydropower sites [51].
The total exploitable potential of hydropower resources in Nigeria is 3500 MW for small
hydropower and a massive 11,250 MW for large hydropower, which is enough to solely
power Nigerian electricity generation (Table 4). However, only 2% of small hydropower and
17% of large hydropower is currently being utilised. As a result, only 18.2% of electricity
generation in Nigeria is derived from hydroelectric sources [52].

Solar Energy

Solar energy is one of the most promising renewable energy sources due to its ap-
parent “limitless” potential. Nigeria has great potential for solar energy; the country is
located within the “high sunshine belt” region and is just north of the equator. The annual
average of total solar radiation varies from about 4 kWh/m2.day in the coastal regions
to approximately 6.5 kWh/m2.day in the North (Table 4). The long-term average of GHI
(Global Horizontal Irradiation) between 1994 and 2018 in Nigeria was approximately
1534 kWh/m2 yearly total in the coastal states such as Port Harcourt, whereas it increased
to approximately 2264 kWh/m2 yearly total in northern states such as Sokoto, Kano and
Maiduguri (see Figure 6). Average sunshine hours are estimated at 6 h per day. Due to
the high irradiation in Nigeria, research has shown that if 1% of the land mass in Nigeria
(920 km2) is covered with solar PV, it has the potential to generate over 200 GWh annually,
which is nearly 10 times more than the current electricity generated [51]. However, the
economic viability of solar PV is often questioned due to the levelised cost of energy (LCOE)
and the high initial installation cost. Nevertheless, the World Bank suggests that PV and
hybrid systems are already economically competitive for off-grid applications [48]. Solar
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PV, off-grid or mini-grid is ideal for rural communities not connected to the national grid.
A GIS survey by GIZ identified 8000 clusters of 26 million people who can be served with
solar mini-grids, generating a capacity of over 3000 MW [53].

Bioenergy (Biomass)

Biomass energy refers to the energy of biological systems such as wood and other
biological materials. Biomass is considered to be carbon neutral due to no net gain in
atmospheric CO2 when the fuel is burned [54]. Many technologies have been designed to
turn biomass into an efficient, clean and sustainable energy, including direct combustion, co-
firing, biomass gasification and anaerobic digestion, which involves using micro-organisms
to break down the biomass and turn it into biogas [55]. Solid biomass and waste account
for approximately 80% of total primary energy consumed in Nigeria [18]. A study by
Simonyan and Fasina (2013) explored the annual bioenergy potential for each source of
biomass in Nigeria (see Table 5).

Table 5. Bioenergy potential, Nigeria (2013). Data taken from [56].

Source Bioenergy Potential (GJ/Year)
Municipal Solid Waste 186

Energy Crops 1700 × 106

Forestry and Wood Residues 18 × 10−3

Agricultural Crop Residues 604 × 106

Human Waste 8
Animal Waste 29

Food and Feed Processing Waste Limited
TOTAL 2.3 × 109

From Table 5, it is clear that energy crops and agricultural residues have the biggest
potential for bioenergy production in Nigeria. Energy crops are grown specifically for
energy; in Nigeria, this includes eucalyptus, poplar and jatropha. Out of the total land
area in Nigeria (91,077 kha), approximately 78% (70,800 kha) is arable land [57]. Many
agricultural crops such as cassava, maize and sugar cane, which are cultivated in Nigeria,
can be converted into liquid and solid biofuels. However, this may lead to food compe-
tition and, hence, it is necessary to only use residues from the crops instead of the crops
themselves. Table 6 shows the energy available from agricultural crops in Nigeria. The
study by Simonyan (2013) [56] details the residue estimates from agricultural crops in
Nigeria in 2010. However, by using data from The Food and Agriculture Organisation of
the United Nations (FAOSTAT) (2020) [58] shown in Table 7, it is clear that crop production
and, therefore, the total energy available has increased between 2010-2018. Therefore, the
potential for biomass is much bigger than previously calculated.

Another high source of biomass is municipal solid waste, which is produced by house-
holds and commercial and industrial businesses. This includes food waste, unwanted
materials, street sweepings and more. The research shows that up to 87% of the municipal
solid waste composition is organic, with an estimated 3168 million tonnes of waste gener-
ated each day in Nigeria (2010). This has the potential to generate 186 GJ of energy [57].
However, this potential is not utilised as municipal solid waste is sent to landfills. The
study by Simonyan (2013) showed that in 2010, there were over 15 million tonnes of dry
animal dung available in Nigeria, which gives a bioenergy potential of 29.25 GJ of energy.
It is clear that abattoirs and cattle farms have the highest biogas potential.
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Table 6. Residue estimates from agricultural crops in Nigeria (2010). Data taken from [48].

Crop Production (000t) Component Weigh Available
in Million Tons

Total Energy
Available (PJ)

Total Energy
Available (GW)

Rice 3368.24 Straw 7.86 125.92 34,977.8
Husk 1.19 23 6388.9

Maize 7676.85 Stalk 10.75 211.35 58,708.3
Cob 2.1 34.19 9497.2

Husk 0.92 14.32 3977.8
Cassava 42,533.17 Stalks 17.01 297.68 82,688.9

Peelings 76.56 812.3 225,638.9
Groundnut 3799.25 Shells 1.81 28.35 7875

Straw 4.37 76.83 21,341.7
Soybean 365.06 Straw 0.91 11.27 3130.6

Pods 0.37 4.58 1272.2
Sugar Cane 481.51 Bagasse 0.11 1.99 552.8

Tops/Leaves 0.14 2.21 613.9
Cotton 602.44 Stalk 2.25 41.87 11,630.6
Millet 5170.45 Straw 7.24 89.63 24,897.2

Sorghum 7140.96 Straw 7.14 88.39 24,552.8
Cowpea 3368.24 Shell 4.89 95.06 26,405.6

Total 145.62 1958.94 544,150.2

Table 7. Crop production, 2010 vs. 2018. Data taken from [58].

Production (000 t)Crop
2010 2018 Difference (%)

Rice (paddy) 4472.52 * 6809.33 +52.2%
Maize 7676.85 10,155.03 +32.3%

Cassava 42,533.17 59,475.20 +39.8%
Groundnut 3799.25 2886.99 –24%

Soybean 365.06 758.03 +107.7%
Sugarcane 849.90 * 1423.09 +67.4%

Cotton 602.44 270.53 –55.1%
Millet 5170.45 2240.74 –56.7%

Sorghum 7140.96 6862.34 –3.9%
Cowpea 3368.24 2606.91 –22.6%
TOTAL 75,978.84 93,488.19 +23%

* Figures differ from numbers given in the Simonyan (2013) study [56].

Biomass consumption does have some environmental, health and socio-economic
effects. Inefficient and unsustainable consumption of biomass can lead to deforestation
and soil erosion. Inefficient and incorrect burning of biomass can also lead to greenhouse
gas emissions, and indoor smoke can cause respiratory diseases in children and adults.
Studies show that children exposed to indoor air pollution are 2–3 times more likely to
catch pneumonia [59]. Lastly, biomass use can have negative effects on rural communities
that have to collect the fuel. Oftentimes, young girls are withdrawn from school to attend
to domestic chores related to biomass usage. Moreover, women often suffer health issues
and physical pains from strenuous work collecting and using biomass such as wood.

Biogas is produced by the anaerobic digestion of biomass. A biogas digester creates
a favourable environment for the fermentation process to occur. The digester consists of
an airtight reservoir where suitable feedstock is placed; this can include human waste,
cow dung and abattoir waste. Depending on the temperature and moisture content in the
digester, it can take 6–25 days to fully process a batch of feedstock [60].

Animal wastes have a high potential for bioenergy production in Nigeria. The research
shows that daily input of waste from a single cow can produce 1–2 kwh of electricity or
8–9 kwh of heat [60]. An increase in meat production has meant an increase in abattoirs
and slaughterhouses in Nigeria. The wastes generated in these environments are ideal
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for biogas production in Nigeria. It is estimated that about 227,500 tonnes of fresh animal
waste are produced daily in Nigeria. With 1 kg of waste generating 0.03 m3 of gas, Nigeria
is capable of producing over 6 million m3 of biogas every day [61]. A study by Simonyan
(2013) also reports on animal waste production and its potential for biogas yield in Nigeria
(2010). This is detailed in Table 8. The study by Akinbami et al. (2000) [61] reports an
improvement in gas quality when different types of waste are mixed together. This is
presented in Table 9. Codigestion is important in biogas production, and Nigeria, being in
a tropical region, can aid this process. This is useful for applications in which there are low
quantities of each type of feedstock.

Table 8. Animal waste production and its potential for biogas in Nigeria (2010). Data taken from [56].

Biogas Yield

Type Population
Dry Matter
Production

Kg/Head/Day *

Amount of
Dry Matter
Produced

Per Year Kg

Fraction
Recoverable

Amount of
Dry Matter
Available

Per Year Kg
(×109)

m3/kg Dry
Matter **

Total
Potential
m3/Year
(×109)

Cattle 18,871,339 2.86 1.970 × 1010 0.3 5.91 0.2 1.182
Goat 65,651,252 0.552 1.323 × 1010 0.4 5.292 0.25 1.323
Pig 6,040,820 0.66 1.457 × 109 1 1.457 0.56 0.815

Sheep 37,422,554 0.329 4.493 × 109 0.3 1.348 0.25 0.337
Chicken 101,676,710 0.043 1.596 × 109 1 1.596 0.28 0.447

Duck 9,553,911 0.05 0.177 × 109 0.9 0.159 0.56 0.089
Total 15.762 4.193

* Daily dry matter production per cow. ** Dry matter density.

Table 9. Gas yield increase with mixed waste (40-day retention time). Data taken from [61].

Wastes Gas Production (m3/kg) % Volume
Cattle 0.380 -

Pig 0.569 -
Poultry 0.617 -
Sewage 0.265 -
Weeds 0.277 -

Cattle + Pig (50:50) 0.510 +6
Cattle + Sewage (50:50) 0.407 +16
Cattle + Weeds (50:50) 0.363 +5

Poultry + Sewage (50:50) 0.413 +1
Poultry + Weeds (50:50) 0.495 +1
Sewage + Weeds (50:50) 0.387 +39

There is a lack of data concerning the number of biogas digesters in use in Nigeria due
to the fact that there is not a certified authority responsible for it within the government.
However, multiple studies ([61–64]) focus on biogas potential in Nigeria using abattoir
wastes. It was challenging to find up-to-date (in the last five years, 2015–2020) literature
with information on biomass/biogas feedstock specifically based in Nigeria.

3.2.5. Renewable Energy Resources-Cost Comparison

The levelised cost of electricity (LCOE) is defined as the “net present value of the
unit-cost of electricity over its lifetime” and is used to compare different methods of
electricity generation on an equal level [65]. In simpler terms, LCOE is calculated by
dividing the average total cost of a system (capital and operating costs) by the total energy
output of the system over its lifetime. This produces the average total cost per unit of
electricity generated [66]. As the world moves towards climate change mitigation, the costs
of renewable technologies have developed. A chart from the IRENA “Renewable Power
Generation Costs” (2019) [5] shows the LCOE of renewable technologies between 2010
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and 2019. In this chart, the range of costs is represented as vertical bars per technology.
In terms of the 2019 weighted average cost, most renewable technologies sit within the
competitive range of fossil fuels. This excludes concentrating solar power, which is still
slightly higher than the fossil fuel range. However, the cost is falling. Solar PV shows the
biggest drop, with an 82% decrease between 2010 and 2019. A fact sheet by “Power for All”
reports that the average global LCOE for mini-grids is USD 0.55–0.60 kWh. This is much
higher than the renewable energy technologies assessed. In order for mini-grids to become
more competitive, their LCOE needs to be more than halved to provide an affordable tariff
for customers [67].

The relative costs of energy and each technology are context-dependent and vary in
the country/region. This is due to the fact that, for example, biomass and solar PV costs
are likely to be lower in warmer countries as they produce more energy in their lifetime.
Similarly, investment costs may be lower as PV is usually imported while AD can be built
locally, requiring only a few parts to be imported. Furthermore, the fossil-fuel cost range
may vary. A report by the Nigerian Economic Summit Group and Heinrich Böll Stiftung
Nigeria (2017) presents a comparison of costs of electricity generation in Nigeria [68]. These
costs reported are presented in Table 10.

Table 10. Grid and off-grid electricity LCOE costs, 2017. Data taken from [68].

Technology LCOE ($/kWh)

On-grid

Hydropower 0.05–0.07

Onshore Wind 0.09–0.14

Coal 0.10

Solar PV 0.10–0.11

Off-grid

Solar PV 0.20

Diesel Generator 0.30

Gasoline Generator 0.60

The LCOE data presented in Table 10 show that hydropower is one of the cheapest
options in Nigeria. This can be due to Nigeria’s huge amount of natural hydro reserves.
Solar PV is currently of most interest in Nigeria. The lower cost of on-grid solar PV can
comfortably compete with fossil fuels. However, costs still need to be lowered to compete
fully. The cost of batteries, a main component of the PV system, is rapidly decreasing due
to the increased use of electric vehicles. This affects the LCOE of solar PV. Additionally,
solar PV relies on imported materials, whereas other renewable resources such as wind
or hydropower, for example, can be built with local materials and may not need batteries,
etc. Off-grid solar PV is very cost-competitive when compared to diesel and gasoline
generators, which are very prevalent in Nigerian communities (Table 10). Off-grid solar
will be ideal for rural communities not connected to the grid. The full costs/benefits of
renewable energy sources are yet to be sufficiently explored for Nigeria; there is a gap
within the literature in exploring the up-to-date LCOE and other costs. This will benefit
renewable energy project coordinators and policy designers.

In summary, renewable energy sources and technologies in Nigeria continue to ad-
vance, and REs (renewable energy) have become the least expensive and most sustainable
method to achieve universal electricity access. It was estimated that Nigeria could transition
to 100% renewable energy by 2050. This consists of 79.1% solar, 20% onshore wind, 0.8%
hydropower and 0.1% wave energy. This would require only 2% of the total land in Nigeria
and can save the country up to 36% in fossil fuel deployment costs [69]. The declining
costs of solar PV for off-grid systems and mini-grids are key in helping deliver affordable
electricity access to millions of Nigerians.
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3.2.6. Overview of Technologies and Projects for Application in Nigeria

The overview of the projects and technologies are presented in Tables S2 and S3 in
Supplementary Information. Table S2 solar power projects are the most prominent in
Nigeria and exist in multiple states, including Kaduna, Katsina and Bauchi. Table S3
summarises and presents the description, advantages/disadvantages and other details
about solar PV, biogas and mini-grids.

Table 11 summarises the case studies and projects in Nigeria; this contains important
factors and information such as the type of technology deployed, the amount of electricity
generated and the number of households supplied. Other notable projects include: ([70–72]).
Ozor et al., 2014 [71] is a project in Abakaliki Abattoir In South-Eastern Nigeria, in which
biogas is produced using cow dung. This is not included in the case study table due to a lack
of information surrounding the specific technology, generation, and supply. Yimen et al.,
2018 [72], included a case study of a photovoltaic/wind/biogas/pumped-hydro off-grid hy-
brid system for rural electrification in Djoundé, Northern Cameroon. Odoi-Yorke (2018) [70]
presented a design for a hybrid PV/biogas system using the HOMER software (Hybrid
Optimisation Model for Electric Renewable) to execute technical, economic and greenhouse
gas emission analysis. This study is based in Offinso North, Ghana. These studies were not
included due to the fact that they are based in other African countries.

Table 11. Case Studies in Nigeria.

Case Study Location Description Technology Generation Supply Ref

Cows To
Kilowatts

Project
Ibadan, Nigeria

The “Cows to Kilowatts” Project aimed to reduce the
water pollution levels and greenhouse gas emissions

from slaughterhouse waste at the former Bodija Market
Abattoir in Ibadan. Approximately 1000 cows were

slaughtered per day. This has the potential to provide
1500 cubic metres of biogas which is 900 cubic metres
of methane [73]. As a result, almost 5400 cylinders of

cooking gas per month are generated. Some of the
project sales points were selling the cooking gas to the
community (~5400 households) at a lower price point
and transforming the sludge produced by the reactor

into fertiliser that is used by farmers

3000 m3

anaerobic
fixed-film
bioreactor,

designed to
capture

1800 m3 of
methane

3600 kWh
per day

5400
households [74].

Potential Of
Off-Grid Solar

PV/Biogas
System

Ado Ekiti,
Nigeria

Using an optimal design and techno-economic analysis,
a study by Sanni et al. (2019) presents an off-grid solar

PV and biogas power generation system for a
slaughterhouse in Ado Ekiti, Nigeria. Approximately

25 cows are slaughtered per day, which can yield a
biomass supply of 1150 kg/day. The area has an

annual average daily radiation of 4.93 kWh/m2/day.
The daily load requirement of the facility is 164 kWh.
Simulation results from HOMER software present the

optimal PV/biogas/battery/converter system

20 kW PV,
20 kW biogas

generator,
15 kW inverter
and 16 Trojan
IND 17-6 V

batteries

n/a n/a [75].

4. Discussion

This paper shows that there is an omission in the literature surrounding the existing
renewable projects and technologies in Nigeria. The identified gap inspired the need to
examine, analyse and summarise the different projects and technologies. This study fills a
gap in the existing literature by presenting an overview of renewable energy projects and
technologies (Tables S2 and S3) whilst also providing case studies of specific projects in the
region (see Table 11) [48,76]. The study by Sanni et al. (2019) presented an off-grid solar
PV and biogas power generation system for a slaughterhouse in Ado Ekiti, Nigeria [75].
This is particularly important due to the fact that the two utilised technologies (solar and
biogas) have the most potential for energy generation in Nigeria, according to the results
of this study. The Cows To Kilowatts Project detailed in the Innovation for Sustainable
Development (2005) [74] is also interested due to the use of slaughterhouse waste to
produce biogas; this study revealed that slaughterhouse waste/animal wastes have a high
potential for bioenergy production in Nigeria and should be used more. Current utilisation
is under 30% (Table 4). Similar studies include Ozor et al. [63], which is a project in which
biogas is produced using cow dung in Abakaliki Abattoir in South-Eastern Nigeria. Other
similar studies around the world include Yimen et al. [77], which is a case study of a
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photovoltaic/wind/biogas/pumped-hydro off-grid hybrid system for rural electrification
in Djoundé, Northern Cameroon. Additionally, Odoi-Yorke [70] presented a design for a
hybrid PV/biogas system in Offinso North, Ghana. In general, the main barriers faced by
Nigeria in relation to renewable energy utilization are non-implementation of global and
national renewable energy policies, lack of adequate research and knowledge of renewable
energy sources within the population and financial matters.

The main limitation of the reviewed studies is the restricted access to data. Energy-
related studies in Nigeria are limited, and therefore, most researchers undertake fieldwork
in which they collect primary data themselves. Energy-related studies in other countries
and in other continents, such as Europe, were more easily found during the literature review.
The research revealed there is a lack of baseline studies and recorded datasets in regard to
energy demand, supply and consumption at the state level. The key studies by Adedeji [78]
and the World Bank [52] state that there can be no significant design, development or
evaluation of national strategies without reliable data and quality statistics. It is necessary
for governments to record this information in order to identify socio-economic challenges
in the country.

Additionally, there may be some bias within the studies, as many of the key studies
included were written by Nigerian authors ([35,56,63,64,78–80]). Researchers can have
biased views due to their cultural background or perspectives of certain phenomena. This
may affect the reliability of the results. However, the methodology employed examined the
appropriateness of each report and its data-gathering process.

Our review has many strengths. This includes exploiting a wide range of literature,
including journals, newspapers and scientific publications. When compared to similar
studies, it is clear that using an extensive range of information provides the best results.
This justifies the approach used as it corresponds with comparable work.

Since the writing of this paper (2020), there have been a number of studies carried out
in the literature around the topic of “energy in Nigeria”. The words “energy” and “Nigeria”
was searched on Google Scholar to understand the number of studies carried out during
the years 2021–2022. Google Scholar was used as an appropriate publication for this paper
were found using Google Scholar. Some of these studies are detailed in Table 12. Although,
in general, due to the COVID-19 pandemic between the years 2020 and 2021, there was a
reduction in the number of studies carried out and published.

Table 12. Number and examples of studies on “energy” and “Nigeria” found between 2021 and 2022.

Year Number of Google Scholar Search Results *
(As of April 2022) Examples of Featured Studies

2021 39,500 [71,81–87]
2022 11,500 [88–96]

* Results not screened.

5. Conclusions

This paper presented a review of the established literature that gives a detailed back-
ground on energy and electricity in Nigeria from 2000 to 2020. The results indicate that solar
and biomass have the most potential for energy generation in Nigeria, with 4–6.5 kWh/m2

of solar irradiation available per day and approximately 2.3 × 109 GJ bioenergy potential
per year. Overall, this study is relevant for providing a solution to the energy/electricity
problem in Nigeria whilst also tackling the issue of slaughterhouse wastes.

Solar and biomass have the most potential in Nigeria, which is agreed upon across
the literature. Multiple studies also agree on the different existing renewable projects
in Nigeria. Renewable energy in Nigeria has begun to gain prominence in the last few
years. Wind energy has a very small and local potential for electricity generation, which
explains the lack of focus on that topic area. Hydropower is the world’s biggest source
of renewable energy and is heavily utilised in Nigeria. As a result, a large number of
studies were undertaken on the current utilisation and further potential of hydropower
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energy. Likewise, solar power is currently of high global interest as it is becoming more
affordable over time due to advancements in technology. However, there is a need for
more exploration into the new emerging technologies and their applications in Nigeria.
Biomass/biogas exists in abundance in Nigeria; however, the technology is still relatively
new to Sub-Saharan African countries. Moreover, except in South Africa, there is little
scientific literature that presents information on commercial biomass systems in African
countries in comparison to “first world countries” such as the United States. Biomass has
an advantage over other technologies such as wind and even solar due to the fact that
investing in waste to energy technologies not only deals with the energy demand but also
with waste management, sanitation and reducing the exposure to pathogens.

In conclusion, this review provides a detailed background on the energy sector in
Nigeria that can be utilised by practitioners and academics working in the field of renewable
energy in Nigeria. Based on the findings of this review, researchers should consider more
investigations into the main energy parameters in Nigeria (demand, supply, consumption],
and focus should be on providing up-to-date information on these factors. It is important
that future research examines how these parameters can be measured more accurately,
quantitatively, or qualitatively. Future studies should be devoted to the development of
reports on each specific parameter at a national level but, more importantly, on a state level.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/en15155514/s1, Table S1: Summary of energy policies and reg-
ulations in Nigeria; Table S2: Overview of current solar, biomass and mini-grid projects in Nige-
ria; Table S3: Overview of solar, biomass/biogas and mini-grid technologies in Nigeria. Refer-
ences [11,45,56,72,76,94–118] are cited in the supplementary materials.
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