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Abstract The study explores the biofuel potentials of
Nigeria. Provision of reliable source of energy in the
country would help to reduce the limitations being
experienced as a result of the inadequacy of the
conventional energy and also reduce Nigeria carbon foot
print. This calls for immediate attention in oil dwindling
economy and environmental sustainability. Among the
diverse forms of energy that abound, bioenergy seems to be
the one that can be best explored. Secondary data was used
for the study. According to studies, Nigeria can create a
significant quantity of bioenergy from the millions of tons
of agricultural waste and residue that are produced each
year. This review aims to examine the nation's present
energy situation and how it affects various industries. It
also carried out a comprehensive study on the possibility of
bioenergy being developed into becoming the solution that
the country needs and the potential resources available that
can actually aid its development. It evaluates various forms
of biomass available and how they can be efficiently
utilized in achieving a well-established platform for biofuel
production. It also looked at the technological limitations
and how they could be improved to ensure full realization
of the biofuel energy project in Nigeria.

Keywords Biomass, Biofuel, Bioenergy, Renewable

Energy, Energy Sector

1. Introduction

In recent times, biofuel production in Nigeria is
beginning to attract urgent attention due to the hazards
posed by fossil use which has exacerbated environmental
pollution and climate change disturbances. Nigerians are
beginning to see the importance of biofuel energy which
has zero effect or impacts on the economy and environment
at large [1]. In Nigeria, ethanol production from high-sugar
(starch) or high-fat crops is starting to take off. This fuel
can be blended straight with gasoline to power vehicles.
Canola and sunflower oilseed crops are utilized in the
Northwest to produce biofuels, which are both affordable
and environmentally friendly. In contrast to other
renewable energy sources, biomass may be directly
transformed into liquid fuels, or "biofuels,” to assist in
supplying the transportation sector's fuel needs [2]. The
two most popular biofuels on the market now in Nigeria are
ethanol and biodiesel, both of which come from the first
generation of biofuel technology. Sugarcane, cassava,
maize, rice, and sorghum are among the biofuel resources
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in Nigeria that can be used to make ethanol, while palm,
groundnut, coconut, soyabean, mustard, flax, sunflower,
hemp, field pennycress, Pongamia pinnata, and algae can
be used to make biodiesel [3]. Policies for the production
of biofuel using the country's raw materials are currently
being widely discussed in Nigeria. The policy calls for the
creation of a Biofuel Energy Commission, a Biofuel
Research Agency, and a goal that all biofuels used
domestically will be. Over the years 2021 to 2026, the
demand for biofuels is anticipated to increase by 41 to 53
billion liters, or 28% [4]. All around the world, bioenergy
has been widely used. According to Ben-Iwo et al. [5], 2.6
billion people worldwide relied on traditional biomass for
their energy needs in 2012, accounting for 14% of the
world's total energy usage. According to Abubakar and
Addulkarim, [6], China and India were the main producers
of bioenergy in 2010, generating 20% and 17% of it,
respectively. The production of biofuels in the globe in
2011 was split between the USA, Brazil, and the European
Union at a rate of 48%, 22%, and 17%, respectively [7].
The depletion of fossil fuels is one of the key problems
faced as both civilization and population rise. The hunt for
alternative energy sources has been sparked by the
depletion of the world's petroleum reserves, the rise in
hydrocarbon usage owing to technology, and the rise in
environmental concerns. Accordingly, Adeoti [8] found
that a worldwide shift in interest from conventional energy
sources to the development of biofuel, which are seen as
climate smart energy sources, has occurred as a result of
overdependence on and concerns about climate change, as
well as a dwindling supply of fossil fuels, rising prices, and
a dwindling availability. Sustainable energy supply has
been one of Nigeria's most significant problems for the past
20 years [9]. As a result, the majority of the nation's
economic sectors have been severely hampered. The UN
Sustainable Development Goals and the Millennium
Development Goals must both be met in order to achieve
the goals, among other things [10]. Recent research
revealed that the world's supply of fossil fuels is rapidly
becoming restricted and scarce. According to estimates, the
oil reserves of Nigeria might run out in 25 to 30 years [11].
The necessity for discovering and utilizing new, renewable
energy sources that are ecologically beneficial cannot be
overstated given the fact that the world's need for energy is
rising every day. Nigeria's development of biofuels is
influenced, like that of other developing nations, by issues
such as energy security, climate change, rural development,
and a shortage of foreign cash. Nigeria's government
continues to depend on imported and conventional energy
sources, and over time, it has become more and more clear
that alternative energy sources must be developed in order
to reduce dependency on fossil fuels [12]. By doing this,
Nigeria's economy would grow and the cost of importing
oil will be reduced. Fossil fuels have been compared
throughout history to a number of ecological and
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environmental issues that have arisen due to their methods
of extraction, production, and ultimately their intended
usage.

According to Adewale [13], biofuel is a fuel made of
mono alkyl esters of long fatty acids obtained from
renewable biological resources such as sugar crops (sugar
cane, sugar beet), corn, potatoes, vegetable or oil seed crops
(soybeans, sunflowers, rapeseed), and animal fats. They
can also be obtained from biodegradable animal and plant
waste that can be burned straight away or just slightly
modified. Although it is becoming more and more common
in the majority of wealthy nations, Nigeria has not yet fully
exploited the potential of biofuel, a natural source of
carbon-based fuel [14]. The process of chemically
modifying vegetable oil to give it the same qualities as
petroleum fuel results in the production of biofuel, a liquid
fuel. As a result of its high viscosity, the produced oil first
proved useless. However, according to Billings [15], the oil
may be converted into biofuel by going through a process
known as "Transesterification" that entails utilizing
methanol to change the chemical characteristics of either
vegetable oil or animal fat. In addition, it has been called
an alternative fuel or an unconventional fuel, which refers
to any material or compounds that can be utilized as fuel in
addition to conventional fuel [16]. Numerous alternate
fuels have been discovered thus far, including biodiesel,
bio-alcohol (methanol, ethanol, and butanol), hydrogen,
non-fossil methane, non-fossil natural gas, vegetable oils,
and other fuels derived from biomass sources. These fuels
are already in use in various parts of the world. As an
alternative to traditional energy sources, biofuel has shown
to be the greatest option. Some advantageous
environmental characteristics that are typical of biodiesel
were outlined by [17]. The first characteristic is the lack of
numerous toxic substances often present in petroleum-
based diesel fuels, such as sulfur and aromatics, as well as
a decrease in unburned hydrocarbons. Compared to
petroleum-based fuel, biofuel has an energy content that is
around 12% lower per mass. According to Agbro [18], it is
superior to fossil fuel in terms of molecular weight,
viscosity density, and flash point. In terms of carbon
content and the quantity of emissions they produce when
burned, biofuel and fossil fuels differ significantly from
one another. Agbro [18] claim that Nigeria has recognized
the necessity for alternate, long-term (renewable) energy
sources to fulfill the continuously rising demand for basic
necessities by rural and urban populations and has so
strongly backed them. This essay looked at Nigeria's
economy's transition to a post-oil economy and biofuel
production. The percentage contributions of biofuel
production in African countries and continents are shown
in Table 1 and 2 below. Figure 1 further represent biofuel
production in different countries and continents.
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Table 1. Litres of Biofuel (Ethanol) Production in Africa Table 2. Biofuel Production in Different Continents
Countries Percentage of Litres produced Countries Percentage contribution
Egypt 3 Africa (inclusive of Nigeria) 0
Kenya 3 Asia 8
Malawi 2 .

North America 36

Mauritius 4

- Europe 14
Nigeria 3
South Africa 65 Brazil 19
Zimbabwe 5 South America 23
Swaziland 4 Source [1]
Source [1]

(a) Biofuel production by different countries (2010-2016)
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Figure 1. Biofuel Production in different Countries and Continents
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2. Biofuel Potentials of Major Nigeria
Crops

Agriculture, which contributed 50% of the GDP and
75% of export earnings before Nigeria's oil and gas were
discovered, was the foundation of the country's economy
[19]. The agricultural sector, with its variety of places and
potentials, has been largely ignored, however, due to the
petroleum industry's explosive rise. The potential
economic contributions that the agriculture industry may
make as a result have been indirectly overlooked. Energy
Crops include a wide range of agricultural products. These
crops, like cassava, sugarcane, Jathropha, maize, wheat,
rapeseed, palm oil, switch grass, and willow, have the
potential to be used as biomass feedstocks and are thus
planted expressly for that purpose [20]. These plants may
be cultivated on marginal or degraded agricultural soil. Due
to the abundance of arable lands and water, Nigeria has the
resources to produce these energy crops in extremely big
quantities. Their development is often reliant on the
distribution of rainfall [21]. Nigeria was listed as one of the
nations with the most promising biofuel production
potential in a prior worldwide evaluation. According to
FAO statistics on crop output, Nigeria is one of the top
producers of promising energy crops [22] Sweet sorghum
is planted in semi-arid regions for similar purposes, while
cassava and sugarcane are widely farmed across the eastern
region for the manufacture of biofuel. Nigeria itself has
long been one of the world's top producers of groundnuts
and cassava, both of which have enormous potential as
sources of biofuel. From 2004 to 2013 Nigeria produced
tons of energy crops and increased the amount of land that
was harvested [23]. Leadership publications announced on
February 17, 2020, that the Nigerian National Petroleum
Corporation is building an ethanol factory in Kogi State
based on cassava and sugarcane, with 20,000 hectares of
sugarcane and 15,000 hectares of cassava serving as the
facility's primary feedstock. Studies also claimed that the
state of Ondo will need at least 4000 cassava growers to
supply the annual need of 146,000 metric tons of feedstock
for ethanol manufacturing. According to a recent
agreement between the administration of Kebbi State and
the Nigerian National Petroleum Corp. to boost the
manufacture of ethanol based on cassava, 350,000 hectares
of land in Kebbi State were also designated for the growing
of cassava. Table 1 displays the biofuel production of
certain Nigerian crops. According to Aliyu [24], Table 3
lists the several developing biofuel initiatives in Nigeria.
Many non-edible oil-bearing plants, including Jojuba,
Karanga, and Jatropha curcas (J. curcas) oil, as well as
microorganisms like algae, are used to make biodiesel.

3. Classification of Crops used as Raw
Materials in Bio-Industry

There are a variety of crops that might be utilized as
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feedstock for the manufacture of biofuels. Sugarcane,
sweet sorghum, maize, and cassava are some of them for
ethanol production, whereas oil palm, coconut, cotton,
sunflower, soy bean, and Jatropha are used for biodiesel
production.

3.1. Sugar Cane

Since the introduction of sugarcane by European sailor
across the country's eastern and western shores in the
fifteenth century, it has grown to be an important crop in
many regions of Nigeria. Originally only planted in modest
quantities for juice and livestock feed, sugarcane is now
grown more widely as an industrial by-product due to the
increased need for biodiesel. More than 400,000 hectares
of land are reportedly accessible in the country's rural areas,
which might increase the production of sugarcane with a
high vyield. Nigeria is the continent of Africa's second-
largest sugarcane consumer according to Aliyu [24]. The
government's assistance has been a crucial factor in Nigeria
having the largest sugarcane refinery in Africa due to
Nigeria's strong potential for sugarcane cultivation and the
incentives it provides to help the sugarcane business. In
addition to other energy crops, sugarcane has been taken
into account by the Nigerian National Petroleum
Corporation for its automated biofuel program.

3.2. Sorghum

Sorghum is a crop with a short growing season (three to
four months), which means it requires less energy to yield
more biomass. For small-holder farmers, who are mostly
situated in rural regions, the utilization of sweet sorghum
as a biofuel feedstock will present opportunities. This is
due to the fact that sweet sorghum is well suited to low
agronomic inputs and drought conditions, both of which
are features of small-holder agricultural regions [25]. Since
sweet sorghum has a low sulphur content, a low biological
and chemical oxygen requirement, and a high-octane rating,
the ethanol it produces is safer for the environment. Sweet
sorghum is one of the most important crops used as a
feedstock for the manufacture of novel agro biofuels due to
its high sugar content and simple extractability. There is
proportion and makeup of the sugar content in sweet
sorghum stalkswhich is a crucial consideration when
looking at it as a possible feedstock for biofuels. Due to its
comparatively low input requirements and capacity to
thrive on marginal soils, Sorghum bicolar has recently
become recognized as a viable candidate for the generation
of both sugar and lignin cellulosic biofuels.

3.3. Cassava

Under the current biofuel implementation strategy,
cassava has received a lot of attention for the generation of
biofuels. The output of cassava is by far the highest in the
world; it is a third more than that of Brazil and nearly twice
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as great as that of Indonesia and Thailand [26]. The
International Fund for Agriculture Development's (IFAD)
and the Food and Agriculture Organization of the United
Nations' (FAO) review of cassava in Africa demonstrates
how the introduction of new Tropical Manioc Selection
(TMS) cassava varieties developed by the International
Institute of Tropical Agriculture (IITA) transformed the
crop from a low-yielding famine-reserve crop to a high-
yielding cash crop. Cassava generates the biggest quantity
of carbohydrates, second only to sugarcane, and needs at
least 8 months of warm weather to do so.

3.4. Jathropha

Given that jatropha is an inedible plant, neither local nor
industrial farmers have produced huge quantities of it.
Jatropha is a very good source of oil for the production of
biodiesel, and it can produce almost 100% of the fuel in a
short amount of time during transesterification in both
homogeneous and heterogeneous conditions [27]. Over the
years, research has been conducted testing the Jatropha
plant. All of Nigeria's ecological zones may support the

growth of jatropha by following the pattern of rainfall there.

Although Jatropha has been identified as a crop with
potential for use in the production of bio-diesel, its negative
effects on soil quality (soil acidity and eutrophication), the
caustic effluent produced during the processing of Jatropha

oil, and the toxicity of Jatropha seeds cannot be disregarded.

However, with the potential environmental challenges it
aids in resolving, such as remediation of metal-affected
soils and soils damaged by petroleum extraction and
spillages, as well as its capacity to solve issues of
desertification and deforestation in Nigeria. According to
research, the advantages of producing biodiesel from
Jatropha exceed any potential drawbacks for the nation's
economy, social structure, and ecology

3.5. Soyabean

An annual legume is the soybean. Although output is
expanding in tropical places where annual rainfall varies
from 600 to 1500 mm, the bulk of crops are cultivated in
temperate and subtropical climates. According to the
Federal Ministry of Environment [28], the average global
soybean output is 2300 kg per hectare. Around 17.5% of
the total weight is oil. Comparatively speaking to tropical
oils (like palm oil), the production of soybean oil per
hectare is low. After rapeseed and palm oil, soy oil ranks
third in importance as a feedstock for biodiesel. According
to Federal Ministry of Environment [28], it produces
between 75 and 90 percent of the nation's entire biodiesel
output. Nigeria was thought to be capable of generating
284.5 ml of biodiesel from 638,000 hectares of soy beans.
With an annual production of 591,000 biometric tones,
Nigeria is the 13th-largest soya bean producer in the world.

A Synthesis Review of Biofuel Industry in Nigeria: Between Opportunities and Challenges

3.6. Maize

One of the main feedstocks for the bio-refining sector is
maize, more often known as corn. It is a crop that is
extensively grown and produced a lot in Nigeria.
According to research by the FAO (2009), ethanol made
from maize may cut greenhouse gas output by 40% and
accounts for around 8.4% of the world's ethanol production.
According to Giwa [29], there is a great likelihood that
maize may be used to produce significant amounts of
biofuel, which would significantly contribute to the
development of a more balanced economy in Nigeria. The
usage of plants for biodiesel feedstock is shown in Table 3
below.

Table 3. Usage of Plants for Biodiesel Feedstock

Production data for major agricultural crops output and
biofuel type in Nigeria as at 2010

Agricultural Production capacity Derivable
resource (thousand metric tons) biofuel type
Cassava 42533 Bioethanol
Yam 33500 Bioethanol
Millet 8000 Bioethanol
Maize 7677 Bioethanol
Sorghum 11000 Bioethanol
Rice 4600 Bioethanol
Potato 1000 Bioethanol
Cowpea 3368 Biodiesel
Groundnut 3799 Biodiesel
Oil palm 1000 Biodiesel
Sugar cane 800 Bioethanol
Sweet potato 3000 Bioethanol
Cocoyam 2000 Bioethanol
Cotton 602 Biodiesel
Coffee 200 Biodiesel
Cocoa 150 Biodiesel
Plantain 250 Bioethanol

Adapted from [12]

4. Biogas from Waste

A combination of gases known as biogas is created when
organic matter breaks down without oxygen. Agricultural
waste, manures, municipal waste, plant materials, sewage,
green waste, and food waste are examples of the raw
sources from which biogas can be created. An eco-friendly
energy source is biogas. Due to the large concentration of
people in Nigeria, the majority of its locations are severely
contaminated with massive amounts of trash [30]. The bulk
of this waste is produced by people as they go about their
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daily lives in their homes, workplaces, and commercial
establishments. Domestic trash, also known as municipal
solid waste, can be either biogenic or non-biogenic;
industrial waste, which is mostly made up of organic
materials like animal and plant waste, needs a more
structured structure to be converted into biofuel. According
to estimates [10], Nigeria produces 74,428.85 tons of
municipal solid garbage per day, or 27,166,530.25 tons
yearly, with a daily potential biogas production capacity of
2.04 million m3. According to the Federal Ministry of
Environment [31], an estimate of the volume and makeup
of wastes produced in several major cities around Nigeria
is presented in Table 4 below.

As the nation's urbanization and industrialization rates
rise, the amount of waste produced annually will also rise;
as a result, making biogas from these wastes will be a
profitable and practical way to lessen the threat and
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annoyance of pollution these wastes cause in many cities.

4.1. Animal Residue

There are millions of tons of rubbish produced each year.
Landfills are used to discard solid municipal trash produced
in both urban and rural locations. Tons of animal wastes are
also produced, and they are projected to rise as Nigerians
get more interested in animal production [32]. Itis potential
to produce 227,500 tons of animal waste each day, which
when turned into biogas would produce 6.8 million m3 of
biogas per day. According to H&nninen [32], the bioenergy
potential of animal feces in Nigeria is likewise estimated to
be 450.48PJ. The rate of livestock population, manure
production, reference energy values, energy potentials and
gas production are shown in Table 5 below.

Table 4. Estimation of total and characteristics of waste generated in selected major cities in Nigeria

Per capital waste

Organic waste

Combustible waste Daily waste generation

City generated (kg/ppd) component (%) component estimate (kg)
Lagos 0.63 68 21 5,747,616
Kano 0.56 43 50 1,970,920
Benin 0.43 78.8 13.1 452,188
Onitsha 0.53 30.7 53.9 530,530
lle-ife 0.46 77.9 12.6 144,164
Akure 0.54 59.5 16.2 199,638
Ado-Ekiti 0.71 60.4 25.7 371,543
Abeokuta 0.60 57.8 34.9 418,860
Ibadan 0.71 64.9 241 2,605,984
Makurdi 0.54 49.2 17.3 134,460
Abuja 0.57 56.4 36.4 322,107
Maiduguri 0.25 25.8 29.5 242,925
Nsukka 0.44 56.0 34.7 44,308

Port Harcourt 0.60 39.4 29.9 714,360
llorin 0.43 38.3 26.0 325,252
Average National 0.53 53.7 28.4 74,428,848.70

Source: [31]

Table 5. Livestock population, manure production, reference energy values, energy potentials and gas production

Resources Livestock Dry dung Annual dung  Energy Total energy Gas Methane  Retention
population  output (kg/  output (ton) value potential (PJ) production content time (days)
(‘000) head/ Day) (Gan) (m3/kg) (%)

Poultry 184,500 0.06 4,040,550 11.0 44.45 0.31-0.56 58-50 9-30

Pigs 7,184.35 0.80 2,097,830 11.0 23.08 0.49-0.75 58-61 10-15

Goats 55,145.40 0.40 8,051,228 14.0 112.72 - - -

Sheep 34,687.30 0.40 5,064,345 14.0 70.90 0.37-0.61 64 20

Cattle 16,400 1.80 10,774,80 185 199.33 0.20-0.33 - -

Source: [43]
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4.2. Forest Residue

No one can ignore the remains of the forest. The waste
produced by the logging of wood, such as stumps, leaves,
sawdust, branches, etc., is another significant source of
bioenergy that is currently underutilized but still poses a
threat to the ecosystem [33]. They have been shown to be
capable of producing heat, electricity, liquid fuels, and
solid fuels (compressed wood such as pellets, briquettes, or
charcoal briquettes). The quantity of biomass stock
produced according to FAO is displayed in Table 6 below.

Table 6. Biomass stock in the forest

FAO 2010 Category Forest biomass (million metric tons
oven-dry weight)

Above ground biomass 3,459 2660 2261 1861

Below ground biomass 830 638 543 447

Total living biomass 4289 3298 2804 2308

Dead wood 601 462 392 323

Total 4,890 3,760 3,196 2,631

Source: [17]

4.3. Biomass

Biomass is a solid substance made of plant and animal
matter that is used as a fuel to create energy or heat.
Biomass is used as feedstock in bio-refining, biomass
resources are regarded as renewable since they are found
naturally and, when managed appropriately, may be
exploited without suffering considerable depletion.
Therefore, any organic substance derived from plant and
animal tissue is referred to as biomass, including
agricultural by-products, residues, forest resources,
agricultural resources, algae, and other types of trash.
Several factors, including moisture content, calories per
unit weight, fixed carbon, oxygen, hydrogen, nitrogen,
volatile ash concentration, and the ratio of cellulose to
lignin, determine whether a given biomass is suitable as a
possible feedstock for the generation of biofuels. Typically,
cellulose makes up the greatest portion of the biomass,
making up between 38 and 50 percent of the total weight.
The sources of biomass were listed as follows [32],

e Energy crops and Agric residues
*  Industrial wastes

e Virgin wood

*  Food wastes

*  Municipal solid wastes

. Heat energy

e Biogas

*  Biofuels

Biomass are classified into four generations (first,
second, third and fourth) which brought about the four
generations of biofuel [33].

4.3.1. First Generation Biofuel

The first generation biofuels are the ones that are

A Synthesis Review of Biofuel Industry in Nigeria: Between Opportunities and Challenges

produced from organic / agricultural products e.g.
sugarcane or starch based crops and oil seeds. Biofuel and
Bioethanol are the types of biofuels under this category.
Although, some people argue that these first generation
biofuels are not good alternatives, with the improvement of
techniques and technology, the world may later have to rely
largely on them since there would be advocation for biofuel
type that are more environmentally friendly [34].

4.3.2. Second Generation Biofuel

These are the ones produced from second generation
biomass feedstuffs which are lignocellulosic biomass
resources. They include crop residues, after harvest have
been carried out, wood residues and some distinguished
crops that are grown majorly for the purpose of biofuel
production. These second generation bio-refining
feedstuffs are gaining more popularity due to the fact that
they are not food crops and so there is no competition for
them by man

4.3.3. Third Generation Biofuel

The large number of photosynthetic and fermentative
bacteria and algae, which are now utilized as bio catalysts
in the manufacture of biofuel because of their high
carbohydrate and lipid/oil content, constitute the third
generation of feedstocks for biofuel. They are said to be
more reliable and sustainable because unlike the first and
second generation, they don’t need land or other farm
inputs (e.g. pesticides, fertilizers and water) that should be
used by man for production of food crops and for aiding the
growth and proper development of these crops [35]. The
algae are also cherished as biofuel feed stuffs due to their
fast growth rate and their ability to grow in different
mediums ranging from waste water, streams (saline,
brackish water/ coastal sea water), unlike other terrestrial
plants. Interestingly, the use of bio-reactors aids to increase
the quantity of algae that can be produced per-time. The
limitations to the algae based on oil production concept are
the technological limitations, climate dependent nature
(sunlight), geographical location and low economic
performance.

4.3.4. Fourth Generation Biofuel

The fourth generation is the process of metabolic
engineering involving biosynthesis. This process can
improve alcoholic productivity in plants. By genetically
modifying some of these plants like barley, wheat etc., their
ability to capture CO;and the rate of lipid production and
growth can be increased while having a reduced need for
insecticides, fertilizers, pesticides and overall water
requirement. Due to their low hygroscopicity, lack of
corrosiveness, and high density of the biofuel they create,
these biomass feedstocks are employed increasingly often
[36]. However, combustible renewable primary fuels form
the mainstay of Nigeria's conventional energy sources.
First and second generation biofuels are becoming more
and more popular. The key renewable energy resources that
Nigeria has are represented in the Table 7 below;
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Table 7. Renewable energy sources in Nigeria

Energy Source

Capacity

Animal waste

211 million assorted animal (285.065 million tons/year of production)

Energy crops and agricultural residues 28.2 million hectares of arable land (30% of total land)

Crop residues

83 million tons/year

Fuel wood

11 million hectares of forest and wood land

Source: [23]

The basic methods used in the production of biofuel in Nigeria are shown in figure 2 below.

Biofuel raw materials (Cassava, Maize, Sorghum,
Sugarcane, etc)

Milling/Crushing

A

Liquefaction

A

Hydrolysis

|

Saccharification

Fermentation

A4

Pretreatment

A4

Separation

Ethanol

Figure 2. Basic Methods Used for Biofuel Production in Nigeria
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5. Emerging Biofuel Projects in
Nigeria

With the rapid increase in population of the country, the
demand for fuel keeps rising everyday thereby intensifying
the need for increased supply. In order to establish a
platform for the exportation of these biofuels, which would
also become another source of domestic money for the
country, biofuel as an alternative should be extensively
utilized. This would ensure that demand matches and even
exceeds supply. Nigeria's ethanol market demand is
anticipated to be 5.14 billion liters per year, whilst the need
for biodiesel is predicted to be 480 million liters per year
[37]. However, there is an urgent need for the scale of
production to be raised when considering the volume
created inside and the restricted supply. In Lagos State, a
biodiesel project is being undertaken by Biodiesel Nigeria
Limited. There must be the construction of new bio-
refineries around the nation, including those by Aura Bio-
corporations and Shashwat Jatropha Biodiesel Limited in
the states of Kebbi and Cross River, respectively. At the
University of Agriculture and the Benue State University,
Makurdi in Benue State, Nigeria, there is also ongoing
research profiling and testing a wide array of additional
edible and non-edible feedstock for the manufacture of
biodiesel. Usman Danfodiyo University now has a biogas
facility with a 4251-capacity bio-digester that can provide
energy for home cooking. Experiments are being
conducted to develop more advanced technological
innovations that will be used in utilizing the discovered
potentials of bio-feedstuffs for producing of bio-gas,
specifically for household use, at the University of Nigeria,
Nsukka, and at the global network for environment and
economic development research (Gender), in Ibadan [38].
Table 8 shows the emerging biofuel projects in Nigeria.

6. Challenges Facing Biofuel
Production in Nigeria

Biofuel production has major challenges, ranging from
economic, technology, politics, and ecological. These are
issues of technological advancement needed to properly
utilize the available resources and make the best use of
them; presently policies and laws enacted by government
as well as the absence of good infrastructural facilities such
as good roads, water, and power supply [39]. Standing, also
as a major challenge, is the presence of fiscal and
regulatory policies which will attract investors and also

funding of research on biofuel development from biomass
feedstock. These challenging factors are discussed below.

6.1. Food Insecurity

It is well known that the cost of food and biofuel has
been an issue since the price of food increased in 2007 [40].
A large number of bio-feedstuffs being used are also edible
foodstuffs to man. Apart from the few non-edible biomass
feedstuffs which include (JatrophaCurcas, Madhucalndica,
PongamiaPinnata, etc) the other first generation biofuel
feed stock such as (Palm oil, Sugarcane, Maize, Soya bean,
Sun flower, Coconut etc.) are all food for man. Those being
used for biofuel production is likely to bring about shortage
in availability of food to man, meanwhile, this problem
should have been ameliorated to a bearable extent but for
the fact that these non-edible crops are not being produced
in large quantity enough to meet the need for biofuel
production. A recent United Nations study urges
government to beware of the human and environmental
impacts of switching to energy derived from food crops.

6.2. Relative Price Difference

One of the difficulties in producing biofuel in Nigeria is
high manufacturing costs, according to Nigeria index [41],
the price of the biofuel is several times higher than fossil
fuel (diesel and gasoline and the technologies that would
have been used to enable reduction in cost of production
such as oil refinement is not available, with this, people will
prefer to go for fossil fuel since it has less cost thereby
lowering the demand for biofuel. This is also responsible
for the reduced level of investment into the biofuel
production as it is not being seen as a lucrative business to
get involved in by investors.

6.3. Absence of Required Technology

Nigeria's biofuel industry is currently in its early stages
of development. There was no commercial biofuel
production using biomass as an energy source in the nation
as of 2016 [42]. Aside from this, other technological and
technical shortcomings that will remain a challenge include;
ignorance of advanced production techniques, limited
human and manufacturing capacities, insufficient resource
data, subpar product quality, unresolved engineering
problems in terms of absence of machines and equipment
needed to setup biofuel production plants and factories,
development of better and cheaper catalyst, use of non-
fossil based on solvents, and others.
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Feedstock .
Project Cost Location Owners Feedstock quantity (tons Project summary, ethanol production /year | Land take (ha) P;‘;ﬁa
lyear) P
. . . Agasha, Guma, NNPC/ private - 75 million litres, 116,810 metric tons 29'000 (16,000 .
Automotive biofuel project $306M Sugarcane 1.8 million o will be Planning
Benue State sector (sugar), 59 MW (electricity) .
cultivated)
. R . 20,000 (16,000
Automotive biofuel project $306M Bukaru, Benue State NNPC/ private Sugarcane 1.8 million 75 million litres, 116’8.10. metric tons will be Planning
sector (sugar), 59 MW (electricity) .
cultivated)
. R . 20,000 (16,000
Automotive biofuel project $306M Kupto, Gombe state NNPC/ private Sugarcane 1.8 million 75 million litres, 116’8.10. metric tons will be Planning
sector (sugar), 59 MW (electricity) .
cultivated)
Automotlve biofuel project . 380 -100 Abuja, FCT NNPC/ private Sugarcane 1.8 million 120millionlitres,10-15 MW (electricity) 26,374 estimated | Planning
(Kwali Sugarcane ethanol project | M sector
Automotive biofuel project $ 125M Ettz;nebe, Anambra sNe't\:ltf)?/ private Cassava 3-4 million 40-60 million litres 15,000 Planning
Automotive biofuel project $125M Okeluse, Ondo State 2‘6’;‘5)?/ private Cassava 34 million 40-60 million litres 15,0 00 Planning
Ethanol refinery and Sorghum 70M ArigidiAkoko, Ondo | Global biofuel Sweet 1.0_5 million 84 _mlIIlon litres bio-refineries ppfarm 30,000 acquired | EPIC
farm State Ltd. sorghum estimated estimated
Ethanol refinery and Sorghum $92M Illemso, Ekiti State Global biofuel Sweet 38§|OOO 30._8 million litres bio-refineries pfarm 11,000 acquired EPIC
farm Ltd. sorghum estimated estimated
. N KastinaAla/ Benue -
Ethanig via Starcrest Nigeria $390M River Basin of Private Sugarcane 3'2.5 million 1 Omillion litres, sugar, and electricity 50,0 00 Planning
Energy) estimated estimated
Benue State
Ethanig (via Starcrest Nigeria $390M Kebbi State Private Sugarcane 3'2.5 million 10million litres, sugar, and electricity 50,0 00 Conception
Energy) estimated estimated
Numan, Adamawa Dangote - E_xpansmn to produce 10m|II|o_n litres, 1 36,000 (Lau, _
Savannah sugar company $167M - Sugarcane Imillion billion tons sugar, 10,000 metric tons Planning
State Industries Ltd . s Taraba State
fertilizer and 300MW electricity
KwaraCasplexLtd $9(.)M KwaraState Private/ Cassava 30(.)'000 38.86 million litres 15,000 EPIC
estimated government estimated
. Ekiti State
Oke-Ayedun Cassava ethanol $18M Oke-Ayedun, Ekit Government/ Cassava 238,500 38.1 million litres bio-refinery pfarm 15,000 EPIC

project

State

Private

669
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Table 8 continued
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programme

L 20,000
Ekiti State I .
Crownet Green Energy ethanol $129M Iyemero, Ekiti State Government/ Cassava 150.0 00 5 million litres, (100 t of starch and 50 t 12,500 (1§,000
plant . CO,/ day) will be
Private .
cultivated)
72 million litres, 360,000 t of cassava
Cassava ethanol plant $115M Taraba State Taraba State Cassava 300,0 00 flour, 1.87 million tones CO, and 57 MGy | 30,000 EPIC
of liquid fertilizer,1600MW electricity
Niger State Government ethanol $9(?M Niger State Niger State Cassava 150,0 00 27 'm|II|0n litres, bio-refinery pfarm 15,000 EPIC
plant estimated estimated
. . . . 0.32 million R . . .
Cassava Bioethanol project $138M Niger Delta region NA Cassava estimated 58 million litres / year bio-refinery pfarm | 20,000 Conception
Bioethanol from sugarcane/ $85M Niger Delta region NA Sugarcane 0'8.5 7million 60 million litres 67,692 estimated | Conception
molasses estimated
. - . Private p S .
Cassava industrialization project $16.4M Ogun State Cassava 75,0 00 3 million litres 5000 Conception
Government
National Cassakero cooking fuel $1B 36states pAbuja Private Cassava 8million 1.4billion litres 400,000 EPIC

Source: Ohimain, (2010)
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6.4. Effect on the Environment

One of the major problems hindering the development of
biofuel production here in Nigeria is the fear of
deforestation. Despite the numerous afforestation
programmes running in Nigeria, we are yet to achieve the
25 percent forest cover stipulated by international
standards. For the biofuel production to be well developed,
massive areas of lands as well as forest reserves will have
to be leveled down for production of biofuel feedstuffs and
this poses a threat to the environment as we cannot afford
to lose our fragile forests and other high value land to
biofuel

6.5. Competition for Viable Lands

This is the major issue that would pose a challenge to the
development of biofuel production in Nigeria [43]. In the
absence of comprehensive analysis and policies, if biofuel
is to be produced at a commercial level, then the lands that
will be targeted for the production of biofuel feedstuffs
would be quality lands that are rich in nutrients thereby
leaving the low-quality lands for the production of food
crops. This is not suitable economically as it would be
inappropriate if a country begins to suffer from inadequate
availability of food in the process of trying to establish an
alternative source of fuel.

6.6. Insufficient Funding

The cultivation and production of crops that would serve
as feed stock for biofuel production require long term loan
and greater incentives. Looking at the poverty level in rural
areas where this can actually be practiced due to the
presence of abundant lands, and the lack of loans or
financial aids in form of grants, farmers here tend to avoid
going into the production of these crops which are
obviously highly capital intensive [44]. At the
governmental level, there is also inadequacy with regards
to financial institutions that have been set to manage and
fund projects aimed at developing renewable energy in
Nigeria with special emphasis on biofuel production.

6.7. Uneven Distribution of Biomass Resources

As abundant energy supplies go, Nigeria is well-
endowed with crop residues, animal waste, agricultural
waste, household trash, fuel wood, energy crops, etc. They
can be seen more in some areas, less in some areas and even
absent in some areas depending on the level of
industrialization/modernization of these areas. In most
cases, where we have them are far from the main cities
where this biofuel is really needed, due to this uneven
distribution of biomass resources, the problem of increased
cost in terms of transportation of the materials to the
processing plant and transporting the biofuels to the
required places have been a discouraging factor to both the
government and potential private investors [45].
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6.8. Land Use Issue

Land is an important factor of production in the
agricultural sector and invariably would be very important
to the development of biofuel production. The migration of
people in search of white-collar jobs, from rural to urban
areas has made the cities to be over populated. This makes
the rural areas to be the target for large scale intensive
mechanized production of plants to be used as feed stocks
for biofuel production [46]. This means that the biofuel
production projects are likely to be more achievable in rural
communities owing to the large expanse of land that would
be needed but this is where the major problem lies. The
absence of infrastructural facilities like good roads, light,
water etc. is commonly observed in these rural areas
meanwhile the major developed cities that have all these
modern technological advancements that can support the
development of massive production biofuel production
plants lack the required land.

7. Innovative Suggestions in
Overcoming Obstacles Facing
Biofuel Industry in Nigeria

The viability of biofuel production in a nation with a
GDP comparable to Nigeria's is still undeniable. An earlier
study by Ozoegwu [44] published a feasibility analysis that
came to the conclusion that variations in feedstock would
have a substantial impact on the lifecycle cost of producing
biofuels. However, if incentives and subsidy policy are put
in place along with a number of other steps that can be
adopted to ensure the successful construction of an
alternative and stable source of biofuel, they may make the
price of biofuel comparable with that of fossil fuel: These
strategies are outlined below.

7.1. Setting Proactive Policies

Despite all of these obstacles, the government must play
a significant part in ensuring the development of Nigeria's
biofuel industry. A comprehensive renewable energy
policy is currently lacking in Nigeria, notably one that
would support the growth of biofuel [47]. The national
energy policy includes a provision for renewable energy
technologies, but it is not sufficiently detailed to provide
proper guidance for implementing a national program for
renewable energy. As a result, less attention has been paid
to this sector and more attention has been paid to the fossil
fuel sector because it appears to be very profitable at the
moment.

7.2. Awareness Creation of Alternative Energy Sources

The nation has been utilizing fossil fuel for decades, and
its residents are used to it. Therefore, a massive awareness
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campaign should be launched on television, radio,
newspapers, and all other social media platforms to educate
the public about the usage of biofuel and its many
advantages over the commonplace fossil fuel they have
grown accustomed to. This is crucial because the majority
of Nigerians have never heard of the production of
bioenergy, and without the knowledge of the claimed end
users, renewable energy cannot be fully implemented and
successful in the nation.

7.3. Financial Availability

Establishing a standard renewable source of energy here

in Nigeria will not be without serious financial implications.

Government should make available credit and financial
aids to farmers that are into the production of energy crops
especially farmers planting crops like Jatropha, rapeseed,
sugarcane etc. to encourage them and enable them produce
in large quantities. Government agencies responsible for
managing of the renewable energy sector should be funded
to enable them take up ground-breaking projects that would
spur the rapid development of biofuel production.
Provisions should also be made available for empowerment
programmes that will enable most unemployed people get
trained on the production of biofuel feedstock and assisted
in starting up both small and medium scale agricultural
enterprises including those in the animal production sector
[48].

7.4. Development of Research Institutes

Establishing a stable alternative source of energy is not
all that matters, rather its sustainability. When the use of
biofuel becomes fully operational, along the ling,
challenges will arise and if they are not well prepared for,
these problems will cripple whatever progress has been
made so far. In view of this, constant research has to be
carried out in other to identify possible problems that may
arise and potential threats to its sustainability and to figure
out ways to tackle and overcome them before they case any
significant damage to the bioenergy sector [33]. To support
investment decisions for the renewable energy industry,
there are currently insufficient resource assessments and
credible resource databases. Government should allocate
funds for capacity building, research and development, and
technical assistance for the growth of the biofuel industry.
Additionally, a regulatory and institutional framework
should be established to allow for greater stakeholder
participation.

8. Prospects/Benefits of Biofuel
Production Development in Nigeria
There are a lot of benefits that would be available if

biofuel production become fully established and
operational here in Nigeria and these benefits would really
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help in enhancing the growth of the country’s economy.
They include:

8.1. Socio-Economic Development

Production of biofuel would help to boost the economy
of the country in diverse ways ranging from creating job
opportunities for a large number of people that will pick
interest and venture into the production of biofuel
feedstock when it becomes a success, being fully assured
that they would receive financial support needed to
establish from the government and there would also be
readily available market for their products [49,50]. It would
also become another major source of national income being
that these biofuels can be exported to other countries when
produced in excess. According to the International Energy
Agency, biofuels have the potential to meet more than a
quarter of the world demand for transportation.

8.2. Environmental Impact

There are numerous ways that biofuel production can
benefit the environment. One of which is the drastic
reduction in the rate of emission of greenhouse gasses that
is mainly produced from the burning of fossil fuel since the
production of biofuel and its use is almost carbon neutral.
By this, with the reduction in the use of fossil fuel either by
its gradual reduction in production of by blending it with
biofuel, it will not only help in maintaining a clean and
conducive atmosphere but it will also help solve inherent
global problems like reducing “Global warming’ and
preventing “Acid rain” [51,52].

8.3. Improved Energy Availability around the Country

The diverse form of biofuel makes it very exceptional
and far better than fossil fuel in the sense that it is more
evenly distributed, readily available and easily accessible
unlike the rigorous process involved in the extraction of
crude oil from the depth of the earth. This can make private
individuals venture into its production thereby making it
less costly and providing a more decentralized form of
energy supply [53,54]. Another feature of biofuel is its
compatibility with the conventional fossil fuel. It can be
used alone or blended with the normal conventional fuel.
Biodiesel can be used in car engines even when it has not
been refined.

8.4. Rural Infrastructural Development

Most rural areas in Nigeria lack the basic amenities and
being that these rural areas are the place where major
biomass resource would be gotten from, the attention of the
government will definitely be drawn there thereby bringing
about the development of these areas. Also structures and
even factories will be raised in these places as part of the
bioenergy industry developmental activities and when
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these is done, it would most likely attract and lead to further
rural infrastructural development such as installation of
portable water supply, railways, electricity, hospitals, roads
and standard market structures [55,56].

9. Conclusions

Around 2.6 billion people depend on traditional biomass
for their energy needs, and bioenergy has been highly
utilized globally, accounting for 14% of global energy
consumption. Nigeria produces crops with biofuel
potentials, including cassava, sugarcane, sorghum, jatropha,
soya bean, and maize. Others include biogas, animal
residue, forest residue, and biomass. According to studies,
Nigeria's bioenergy reserves consist of 83 million tons of
crop residues, 61 million tons of animal waste, and 13
million hectares of fuel wood. This shows that Nigeria is
heavily endowed with bio-resources which can be
converted into useful renewable energy sources. But
despite these abundant resources, Nigeria is still dependent
on fossil fuel which is expensive to generate coupled with
its high consumption rate. Nonetheless enormous
challenges are facing biofuel production in Nigeria which
includes, food insecurity, relative price difference, absence
of required technology, and insufficient funding. However,
Nigerian governments have taken bold steps towards
increasing the availability of energy and possibly
increasing the energy mix by exploring other energy
alternatives, but surprisingly no radical implementation
action have been taken towards achieving this new energy
project.

10. Recommendations for Further
Research

In light of all of this, it is important for the nation to
conduct additional research to establish the viability of
enlarging and outfitting Nigeria's existing refineries to
enable the processing of biomass for the production of
biofuel in addition to the country's regular conventional
fuel. It should also be taken into consideration to install
infrastructures that can co-process non-food biomass into
bio-intermediate oil for blending with petroleum, as this
would assist resolve the contradiction between the need for
food and the cost of building new bio-refineries. With this,
we would be able to implement the suggested reliable
method for Nigerian biofuel production.
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