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INTRODUCTION 
Energy is an indispensable part of human life in 
all sectors of the economy such as agriculture, 
transportation and industries (Ibrahim et al., 
2011). The major sources of energy today are 
the non-renewable sources such as crude oil in 
which there are concerns over fossil fuels 
causing environmental contamination involving 
greenhouse gas emissions and global warming 
(Ibrahim et al., 2011). The decrease in crude 
oil reserves and the non-stable prices coupled 
with the lots of crisis in the oil region is also an 
issue of concern (Manish and Kalyan, 2012; 
Ibrahim et al., 2011). Other factors affecting 
fossil fuel energy production are energy 
security, rising political and economic conflict; 
thus, the unsustainable nature of non-
renewable energy is obvious and the need for 
sustainability in the energy sector (Ibrahim et 
al., 2011).  
Biofuels, being an alternative to the fossil fuels 
are attracting the attention researchers. 
Biofuels are liquid or gaseous renewable 
products that are produced from biomass and 
are used for either transportation or burning 
purposes (Annie, 2006; Segun, 2012). On the 

other hand, sustainable development is a plan 
and actions that satisfies the demand of today’s 
population without compromising that of the 
future population (Ibrahim et al., 2011; 
Organization for Economic Cooperation and 
Development (OECD), 2001). Common examples 
of biofuels are bioethanol, biobutanol, biogas 
and biodiesel which can greatly replace the 
petroleum fuels (Manish and Kalyan, 2012; 
Abubakar et al., 2017).  The production of 
biofuels is now a global effort and the 
government of many countries such as Brazil, 
China, USA, and Germany have set up many 
biofuel programs and initiatives, this shows 
biofuels are important to all nations including 
African countries (Segun, 2012). The purpose of 
this paper is reviewing the potential of biofuels 
production and benefits as it relates to 
sustainable development in Nigeria. 
 
Biomass 
Nigeria has abundant renewable energy 
resources of which the most widespread are 
solar, wind, biomass and hydro power (Nigerian 
Electricity Regulatory Commission (NERC), 
2020). 

Abstract 
The unsustainable nature of fossil fuels (non-renewable) has led to the search for other 
alternative fuels such as biomass derived fuels. Biofuel technology is a promising 
endeavour towards a sustainable development in any nation, as Nigeria has a vast arable 
land that is good for agriculture and biomass production. Biofuels include bioethanol, 
biodiesel, biobutanol and biogas with each having different method of production and use. 
The rural women energy security project of the Federal Ministry of Environment has 
already empowered 10 rural women cooperatives, among the benefits of biofuel are: 
increase in national income, sustainability, mitigation of greenhouse gases, proper and 
effective waste recycling, employment, energy security among others. The biomass 
resources, research and knowledge needed for biofuel production is readily available and 
with the appropriate entrepreneurial and political will; Nigeria will be a key player in the 
biofuel business. This paper reviewed the potential of biofuels production and benefits as 
it relates to sustainable development in Nigeria. Lack of continuity of projects after a 
change of leadership in the government has hindered the rapid progress in many sectors 
including the biofuels. Government should ensure the full implementation and continuity of 
projects in biofuel and other green areas of development. 
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Biomass is all forms of matter derived from 
biological activities which include crops, trees, 
agricultural wastes and residues, and organic 
municipal solid waste (Chukwuma et al., 2012; 
Edirin and Nosa, 2012; Thomas and Emmanuel, 
2012). Biomass is the major source of energy in 
Nigeria contributing up to 78% of Nigerian 
energy supply (Edirin and Nosa, 2012). Biomass 
energy in Nigeria is produced primarily from 
wood then by waste and alcohol fuels, while 
wood constitutes most of the biomass energy 
over the years, ethanol has been the fastest 
growing renewable energy source over the past 
years (Edirin and Nosa, 2012; Thomas and 
Emmanuel, 2012). The poor depends heavily on 
biomass for energy mainly in the form of wood 
and agricultural residues, which causes 
negative impacts such as indoor air pollution 
and immense pressure on natural resources 
(Akande and Olorunfemi, 2009). The production 
of energy from biomass include various 
technologies such as solid combustion, 
gasification and fermentation which results in 
various liquid and gaseous fuels from many 
biological resources (Akande and Olorunfemi, 
2009; Abubakar et al., 2017).  
 
Feedstock for biofuel production  
Based on different types of raw materials, 
biofuels are categorized into four (Ibrahim et 
al., 2011; Manish and Kalyan, 2012): 
1. First generation biofuels: these are 

produced from agricultural feedstock, 
vegetable oil, animal fat, sugar, starch and 
cereals (Ibrahim, et al., 2011; Manish and 
Kalyan, 2012; Kumar, 2015).  Such include 
maize and sugar cane among others. First 
generation biofuel feedstocks are 
unsustainable due to food security and land 
use but the use of Lignocellulosic biomass is 
more sustainable and ethically acceptable 
and therefore must be promoted (Graeme, 
2011; Ibrahim et al., 2011) 

2. Second generation biofuels: these are 
produced from non-food sources such as 
lignocellulose (Graeme, 2011). 
Lignocellulose are divided into either bio-
waste (straws, corn residues, woody 
wastes, old paper/cardboard, bagasse, 
spent grains, municipal solid waste, 
agricultural residues like oilseed pulp, sugar 
beet pulp or energy Crops such as short 
rotation coppice (basket willow Salix 
viminalis) and energy grasses like 
Miscanthus giganteus(Graeme, 2011). 

3. Third generation biofuels: also referred to 
as advanced biofuels, which are produced 
from microalgae and cyanobacteria 
(Ibrahim et al., 2011). 

4. Fourth generation biofuel: these are 
produced by photosynthetic generation of 
biohydrogen and bioelectricity (Ibrahim et 
al., 2011). 

 
Types of biofuel and their mode of 
production 
Biobutanol: This is an organic alcohol produced 
through Acetone-Butanol Fermentations using 
Clostridium acetobutylicum from molasses and 
cereal grains (C4H9 OH) (Manish and Kalyan, 
2012; Ruth et al., 2018). It has many 
advantages such as high energy content, high 
hydrophobicity, good blending ability, does not 
require modifications in internal combustion 
engines and is less corrosive than other biofuels 
(Manish and Kalyan, 2012).  
 
Biodiesel: This is a fatty acid methyl ester 
produced from edible, non-edible oil crops 
(jatropha, and rape seed), and waste frying oil 
(Samuel et al., 2013). It is a clean burning 
alternative to fossil fuel produced by 
transesterification reaction of fat or oil with an 
alcohol to give mono-alkyl esters and glycerol 
(Annie, 2006; Ibrahim et al., 2011; Daniyan et 
al., 2014). As glycerol is separated, the fatty 
acid methyl esters are used as biodiesel. 
Biodiesel production from seeds usually starts 
with an oil extraction (Ibrahim et al., 2011). It 
can be used either in its pure form or as blends 
with fossil diesel in diesel engines without any 
engine modifications, it is sustainable, 
biodegradable, environmentally friendly, non-
toxic, and has better combustion 
characteristics compared to fossil diesel (Annie, 
2006; Daniyan et al., 2014).  
Bioethanol: This is a promising biofuel produced 
by fermenting sugars and cereal crops (C2H5OH) 
(Annie, 2006; Ibrahim et al., 2011). The liquid 
wash from the yeast fermentation of biomass 
derived sugars is distilled and used as liquid 
fuel (Graeme, 2011; Annie, 2006). Bioethanol is 
produced from sugar cane, maize and 
lignocellulose. Bioethanol from lignocellulose is 
sustainable and has the potential to become a 
substitute to or replace gasoline (Annie, 2006). 
Bioethanol can be used in pure form in special 
engines or blended with gasoline in any 
proportion up to 10% without the need for 
engine modification (Annie, 2006).  
Biogas: This is a mixture of gases mainly 
methane (CH4) and carbon dioxide (CO2), 
produced through anaerobic fermentation of 
household, agricultural and industrial waste 
(Juliet et al., 2016). It is mostly used for 
cooking purposes and can also be used to 
generate electricity (Edirin and Nosa, 2012; 
Thomas and Emmanuel 2012). 
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POTENTIALS FOR BIOFUEL PRODUCTION IN 
NIGERIA 
According to FAO 2017 statistics, the total 
country area of Nigeria is approximately 
92,377,000 hectares (ha) with a land area of 
91,077,000 ha, of this; agriculture has 
70,800,000 ha, 37% of Agricultural land is 
arable, 7% permanent crops, 8% forest crops 
and 15% other land (FAO, 2019). Nigeria has 
high potentials for biofuel production because 
of the level of water availability and arable 
land free for production of energy crops 
(Segun, 2012; Ohimain, 2013).Energy Crops 
such as sugar cane, cassava, sorghum, maize, 
oil palm, soybean and jatropha are grown 
widely in the country. Globally, Nigeria is the 
largest producer of cassava, among the top four 
producers of sorghum, among the top three 
producers of oil palm and 13th largest producer 
of soybeans (Juliet et al., 2016). 
Significant amount of organic waste is produced 
in every part and cities of the country which is 
just dumped around contributing to 
environmental littering, such biogenic waste 
could serve as substrate for biofuel production 
(Suberu et al., 2013). Crop and forest residues 
which are bye-products of either agricultural 
and forest resources harvest and processing. 
These residues do not require separate land for 
cultivation and can be converted to biofuels 
through fermentation, gasification or hydrolysis 
(Juliet et al., 2016). Municipal solid waste 
(MSW), food waste and industrial waste dumped 
in the cities can be used as feedstocks 

especially for biogas production through 
anaerobic fermentation (Chukwuma et al., 
2012; Juliet et al., 2016). 
Livestock production is distributed all over the 
country, this generate high amount of animal 
manure that is also a good substrate for 
methane (biogas) production (Suberu et al., 
2013; Juliet et al., 2016). Cattle, goat and 
sheep are reared in the north while pig and 
chicken predominates in the south. Northern 
Nigeria’s agricultural local economy revolves 
around livestock rearing; hence, it has great 
potentials for biogas production because of the 
amount of cattle waste generated in the region 
from manure to slaughter house waste (Suberu 
et al., 2013; Juliet et al., 2016). It is estimated 
that Nigeria produces 227,500 tons of fresh 
animal waste daily where approximately 1 kg of 
fresh animal waste produces approximately 
0.03 m3gas; thus, Nigeria can produce 6.8 
million m3 of biogas daily from fresh animal 
waste (Akinbami et al., 2001; Juliet et al., 
2016). Table 1 (Suberu et al., 2013) shows the 
solid waste statistics and characteristics of 
some urban cities in Nigeria and Table 2 (FAO, 
2020) shows the population of livestock from 
2015 to 2018. Biofuel project are all integrated 
and as such will not distort the current food 
supply and will also boost agriculture and add 
to Nigeria’s food production through 
mechanized farming. Hence, the Nigerian 
Biofuels Policy and incentives was documented 
and approved on 20th June 2007 (Peter and 
Gbenga, 2009). 

 
Table 1: Solid waste statistics and characteristics of some urban cities in Nigeria 

City Cap/person/ 
day (kg 

Monthly waste 
(t) 

Annual waste 
(t) 

Organic waste 
(%) 

Annual 
organic (t) 

Lagos 0.73 255,556 3,066,672 36 1,104,001.92 

Kano 0.56 156,676 1,880,112 51 958,857.12 

Ibadan 0.31 135,391 162,4692 61 991,062.12 

Abuja 0.281 14,684 176,208 65 114,535.20 

Port Harcourt 0.7 117,825 1,413,900 60 848,340.00 

Benin  0.63 27,459 329,508 54 177,934.32 

Maiduguri  0.28 32,956 395,472 66 261,011.52 

Kaduna 0.23 44,433 533,196 63 335,913.48 

Aba 0.31 64,347 772,164 70 540,514.80 

Bauchi 0.31 25,395 304,740 64 195,033.60 

Yola 0.28 25,365 304,380 68 206,978.40 

Katsina 0.32 18,452 221,424 70 154,996.80 

Ilorin 0.25 34,560 414,720 70 290,304.00 

Onitsha 0.7 84,137 1,009,644 62 625,979.28 

Abuja 0.281 14,684 176208 65 114,535.20 

Source: Suberu et al., 2013. 
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Table 2: the population of livestock (Head) from 2015 to 2018 

Year  Cattle Chicken  Goats Horses Pigs Sheep 
2015 20184763 142895000 72527691 102147 7368216 41632158 
2016 20581831 147116000 73776693 100708 7481750 42060088 
2017 20953379 143232000 78049310 89109 7498342 42500000 
2018 21418189 139431000 79382178 85941 7499165 42971860 
Source: FAO, FAOSTAT, Productions (Live Animals) (Latest update, March 4, 2020). Accessed 15th 
June, 2020. URL: http://www.fao.org/faostat/en/#data/QA 
 
State of Biofuel Production in Nigeria 
After the signing of the biofuel policy incentive 
in 2007, the substitution of kerosene with 
ethanol gel and the use of 10% ethanol blend 
with gasoline started. This leads to a demand 
of 5.14 billion litres of bioethanol/year which 
leads to some emerging projects from the 
government and private sector (Ohimain, 
2010). Nigeria’s Bioethanol production is 
developing but still insufficient to meet the 
current demand and there is a shortfall of 
about 5 billion litres per annum (Ohimain, 
2010; Edirin and Nosa, 2012; Juliet et al., 
2016). Alconi/Nosak, UNIKEM and 
Intercontinental Distilleries which uses 
imported crude ethanol precursors produces 
118.6 million L/year. However, currently there 
are two companies producing bioethanol from 
local feedstocks; Dura Clean located in Bacita 
Kwara State and Allied Atlantic Distilleries Ltd. 
(AADL) located in Sango-Ota Ogun State which 
has a production capacity of 4.4 and 10.9 
million L/year respectively. (Ohimain, 2010; 
Chukwuma et al., 2012; Edirin and Nosa, 2012; 
Juliet et al., 2016). Another pioneer company, 
Global Biofuel limited is devising a method for 
production of ethanol from sweet sorghum stalk 
juice and also biodiesel from safflower where it 
already has flagged off the plant construction 
in Ondo and Ekiti state (Obada, 2008; Obilana, 
2008; Obada, 2009a). In an interview, the 
managing director of Global Biofuels Limited, 
Dr Felix Obada explained that the refinery at 
Ekiti is expected to produce 350,000 litres per 
day, also states like Nassarawa, Plateau and 
Zamfara has a good arable land than can 
produce 500,000 thousand litres per day, and 
the company plans to build a refinery per state 
for biofuel production (Obada, 2009b). 
Ohimain, (2010) reported for the first time 20 
emerging bioethanol projects in Nigeria which 
the major pioneers include the Nigerian 
National Petroleum Corporation (NNPC), 

Biofuels Nigeria Ltd, Ekiti and Ondo State 
Governments, and partnerships between 
private companies and state governments to be 
located in various states in the country. Future 
ethanol projects in Nigeria are listed in Table 3 
(Ohimain, 2010). In the year 2007, Kaduna state 
government has set up a bioethanol pilot plant 
using local design and materials (Chukwuma et 
al., 2012). 
There is no record of industrial biobutanol 
production in Nigeria, However, a study was 
conducted in Nassarawa state for isolation of 
biobutanol producing Clostridium species and 
also the highest producer (C. acetobutylicium) 
was used to produce bioethanol from waste 
paper and sugar cane molasses (Makut et al., 
2018; Owuna et al., 2018). 
Biodiesel production has been reported in 
Nigeria only at a research scale level for 
example, Ahmadu Bello University Zaria, has 
designed a pilot plant for biodiesel 
productionand the initiatives of using safflower 
as previously mentioned by Global Biofuels 
Limited (Obada, 2009a; Chukwuma et al., 2012; 
Juliet et al., 2016).  
The industrial production of biogas in Nigeria is 
good and feasible but biogas plants are not yet 
available in the Nigerian energy market, 
however, substantial research has been done 
and is still in progress across the country; for 
instance, as at 1990’s Usman Danfodio 
University Sokoto has built a digester that can 
provide 425 litres of biogas per day (Akinbami 
et al., 2001; Juliet et al., 2016). Aigbodion and 
co-workers of the Rubber Research Institute of 
Nigeria (2018) reported the production of 
biogas from cow dung using a fixed dorm 
digester in which materials for the construction 
of the plant were sourced locally while the 
accessories were imported from India. The 
plant produced 8.5 to 7.6 m3gas per day for 28 
days of the research (Aigbodion et al., 2018).
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Table 3: Future ethanol projects in Nigeria 

Company  Project  location 
Global 
Biofuels Ltd.  

Integrated bio-ethanol refinery and sweet 
sorghum farm in 10 Nigerian states 

Edo, Kogi, Osun, Ondo, Kwara, Niger, 
Kaduna, Ekiti, Oyo and Plateau 

Casplex Cassava ethanol refinery and farm Oyo and Ekiti States 
Alconi Nigeria  Ethanol plant Calabar in Cross River 
Nasarawa 
state  

Integrated ethanol bio-refineryand Cassava 
farm 

Doma, Nasarawa state 

Source: Ohimain, 2010 
 
BENEFITS OF BIOFUEL 
The benefit of biofuel is clearly reflected in the 
increasing number of countries introducing or 
planning to introduce policies to increase the 
proportion of biofuels within their energy 
portfolio (Annie, 2006). The benefits of biofuel 
can be divided into: 
Environmental benefits 
The primary advantage of biofuels and the 
driving force for worldwide production is their 
alleged reduced greenhouse gas emissions, 
reduce emissions of key toxic substances 
associated with fossil fuels (CO2, sulphate, etc.) 
and thus will reduce climate change and global 
warming (Annie, 2006; Graeme, 2011). 
Fermentation of plant derived biomass to 
bioethanol photosynthetically re-fix CO2 during 
production and combustion and do not result to 
toxic gas emissions (Graeme, 2011). There is 
also reduction in household pollution and 
deforestation when biogas substitutes 
traditional fuels such as wood (Annie, 2006). 
According to Akande & Olorunfemi (2009), The 
Group Managing Director of the Nigeria National 
Petroleum Commission (NNPC) said that “the 
ethanol programme was expected to improve 
automotive exhaust emissions in the Country, 
reduce domestic use of petrol, free up more 
crude for export and position Nigeria for 
development of green field”. The production of 
biofuel from waste is an effective way of waste 
recycling. The great green wall programme 
with a mission “to halt and reverse land 
degradation, prevent depletion of biological 
diversity, ensure that by 2025, ecosystems are 
resilient to climate change and continue to 
provide essential services that would contribute 
to human”; will only be achieved by a switch 
from fuel wood to Biogas for cooking (Federal 
Ministry of environment (FME, 2019a). 
Job creation and rural development 
The driving force for renewable energy 
development is more likely to be employment 
potential and job creation rather than 
environmental (FME, 2019b).  Biofuel 
production will ignite a need for agricultural 
produce other than food, feed and fiber, this 
will provide employment for many young men 

and women especially in rural areas; for 
instance, the rural women energy security 
(RUWES) project of the FME’s Clean Energy 
initiatives has already empowered 10 women 
rural women cooperatives with RUWES business 
model package with cleaner lighting and 
cooking kits which will create market potential 
for the women and also provide jobs for 
foundry workers, welders, mechanics etc. in 
cookstoves production (Annie, 2006; FME 
2019b). Sugarcane in Brazil employs around 1 
million workers, bioethanol production in the 
US has provided more jobs in the rural areas 
better than any other activity (Annie, 2006; 
Daniyan, et al., 2014). According to Akande & 
Olorunfemi (2009), the Group Managing 
Director of NNPC said that “Nigeria would be 
$150 million (about N21 billion) annually richer 
when it adopts the development and 
application of biofuel as an alternative energy 
source to crude oil”.  
Conflict resolution 
Since the energy crisis of the 1970s, developing 
new energy sources from the agricultural sector 
has been viewed as a way to expand the 
domestic energy supply and help mitigate 
growing dependence on oils from conflict prone 
areas (Akande &  Olorunfemi, 2009). Nigeria’s 
oil reserves are not evenly distributed and the 
recurring conflicts in those areas affects the 
supply and hence the market price which 
affects the socioeconomic welfare of the 
populace (Ohimain, 2010; Ibrahim et al., 
2011).Biofuel feedstocks are abundant and 
distributed across the country; therefore, it 
will be more widely distributed and less liable 
to political crisis (Ohimain, 2010). 
 
CONCLUSION 
Nigeria is among the top producers of 
important energy crops in the world and also 
generates a significant amount of organic waste 
which can be used to achieve a twin benefit of 
fuel and environmental cleanliness. The biofuel 
business sector will help curb the high rate of 
unemployment in the country by engaging the 
youths, local farmers and entrepreneurs. 
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Government and other stake holders should 
ensure and encourage the continuity and full 
realization of the emerging bioethanol projects 
in the country so as to meet the demand of the 
nation.There is a need to scale up from the 
research level and pilot plant to industrial 
commercialization of biobutanol, biodiesel and 

biogas in Nigeria.The policies and plans in the 
National biofuel policy incentive, FME and other 
relevant authorities if implemented, will 
accelerate the development in the biofuel 
sector and solve many environmental problems 
faced by the nation. 
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