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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. 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.

bioenergy biogas electricity Nigeria solar energy

| 1. Introduction

Worldwide, there are over 860 million people without access to power. Sub-Saharan Africa accounts for 600 million . 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 [Ll. 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% [&. Energy demand is estimated at
approximately 17,520 MW annually, but peak generation capability is around 5300 MW !, 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% B8, 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.

| 2. Renewable Energy Resources 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 (. In Nigeria, the World

Bank reports this figure as 18.2% in 2015 (€. Nigeria is abundantly blessed with conventional and renewable energy sources.
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A map of Nigeria is presented in Figure 1. Alas, most of the available renewable resources are untapped. Table 1 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.

Resource

Wind

Small Hydropower
Large Hydropower
Solar

Biomass

Public transport

Click on stations for more information

Figure 1. Map of Nigeria (plan view). Source: 1,

Table 1. Renewable energy potential. Data taken from €.

Potential Current Utilisation
10m hze?;hTr/'sa(inland) NA
3500 MW 64.2 MW
11,250 MW 1900 MW
4-6.5 kWh/mZ2.day 15 MW (dispersed solar PV)
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)
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Resource Potential Current Utilisation
Agricultural Residues 91.4 million tonnes/year (produced)
Wind energy potential a Animal Waste 245 million (assorted animals in 2001) .in the far

northern region (Table 1). 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 Bl 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 81

Hydropower Energy

Hydropower is the world’s biggest source of renewable electricity generation supplying 70-80% and currently accounts for
16% of the world’s total power supply 9. 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 (1 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 1). 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 [12]

Solar Energy

Solar energy is one of the most promising renewable energy sources due to its apparent “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/m?.day in the coastal regions to approximately 6.5
kWh/m?.day in the North (Table 1). The long-term average of GHI (Global Horizontal Irradiation) between 1994 and 2018 in
Nigeria was approximately 1534 kWh/m? yearly total in the coastal states such as Port Harcourt, whereas it increased to
approximately 2264 kWh/m? yearly total in northern states such as Sokoto, Kano and Maiduguri (see Figure 1). 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 1. 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 &, Solar 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 (13,

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 CO, when the fuel is burned [14] 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
(15 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 2).

Table 2. Bioenergy potential, Nigeria (2013). Data taken from [,
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Source

Municipal Solid Waste

Energy Crops

Forestry and Wood Residues

Agricultural Crop Residues

Human Waste

Animal Waste

Food and Feed Processing Waste

TOTAL

Bioenergy Potential (GJ/Year)
186

1700 x 106
18 x 1073

604 x 10°

29
Limited

2.3x10°

From Table 2, 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 18] 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 competition and, hence, it is necessary to only use residues from the crops instead of the crops

themselves. Table 3 shows the energy available from agricultural crops in Nigeria. The study by Simonyan (2013) L7 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) 22 shown in Table 4, 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.

Crop

Rice

Maize

Cassava

Groundnut

Soybean

Sugar
Cane

Table 3. Residue estimates from agricultural crops in Nigeria (2010). Data taken from 81,

Production

(000t)
3368.24

7676.85

42,533.17

3799.25

365.06

481.51

Component

Straw
Husk
Stalk
Cob
Husk
Stalks
Peelings
Shells
Straw
Straw

Pods

Bagasse

Weigh Available in
Million Tons

7.86

1.19

10.75

2.1

0.92

17.01

76.56

1.81

4.37

0.91

0.37

0.11

Total Energy Total Energy

Available (PJ) Available (GW)
125.92 34,977.8
23 6388.9
211.35 58,708.3
34.19 9497.2
14.32 3977.8
297.68 82,688.9
812.3 225,638.9
28.35 7875
76.83 21,341.7
11.27 3130.6
4.58 1272.2
1.99 552.8
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Ciop  PIOSSIOn Componen: WeghAvatalen o Energy  Tot Sy,
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
[29]
Cowpea 3368.24 Shell 4.89 95.06 26,405.6
Crop 2010Production (000 t)2018 Difference (%)
Rice (paddy) 447252 * 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%

Another high source of biomass is municipal solid waste, which is produced by households and commercial and industrial

businesses. This includes food waste, unwanted materials, street sweepings and more. The research shows that up to 87% of

* . - - . [E
th':e'gr%ensicqgg?rsfgl)@ WAL tée(r:% 'ESEi{%Eh?sSé%%W&“VSﬁR%% S&s’ﬁ?‘na’re’d 3168 million tonnes of waste generated each day in

Nigeria (2010). This has the potential to generate 186 GJ of energy 8. 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.

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 (29] 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 2L,
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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 [2Ll. An increase in meat production has meant an increase

in abattoirs and slaughterhouses in Nigeria. The wastes generated in these environments are ideal 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 2. 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 5.

The study by Akinbami et al. (2000) 22 reports an improvement in gas quality when different types of waste are mixed

together. This is presented in Table 6. 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 5. Animal waste production and its potential for biogas in Nigeria (2010). Data taken from 17,

Dry Matter
Type Population Production
Kg/Head/Day *
Cattle 18,871,339 2.86
Goat 65,651,252 0.552
Pig 6,040,820 0.66
Sheep 37,422,554 0.329
Chicken 101,676,710 0.043
Duck 9,553,911 0.05
Total

Amount of Dr Biogas Yield

Matter y Amount of Dry mdkg Total
Produced per _ Fraction Matter Dry Potential
Year K Recoverable Available Per Matter m3/Year

9 Year Kg (x10%)  ** (x10°)

1.970 x 1010 0.3 5.91 0.2 1.182

1.323 x 1010 0.4 5.292 0.25 1.323

1.457 x 10° 1 1.457 0.56 0.815

4.493 x 10° 0.3 1.348 0.25 0.337

1.596 x 10° 1 1.596 0.28 0.447

0.177 x 10° 0.9 0.159 0.56 0.089

15.762 4.193

* Daily dry matter production per cow. ** Dry matter density.
Table 6. Gas yield increase with mixed waste (40-day retention time). Data taken from [22],

Wastes
Cattle

Pig

Poultry

Sewage

Weeds

Cattle + Pig (50:50)

Cattle + Sewage (50:50)
Cattle + Weeds (50:50)
Poultry + Sewage (50:50)

Poultry + Weeds (50:50)

Gas Production (m3kg)
0.380

0.569
0.617
0.265
0.277
0.510
0.407
0.363
0.413

0.495

% Volume

+6
+16

T

+1

Tl
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Wastes Gas Production (m3/kg) % Volume a certified
Sewage + Weeds (50:50) 0.387  [22][23][24][25] +39 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.
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