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Abstract 
This paper examines the potentials of Bioenergy and Biofuels Technology Development in Nigeria. 
Biomass conversion technologies may be biological (fermentation of sugars to ethanol; anaerobic 
digestion of biomass for biogas), chemical (trans-etherification of lipids to biodiesel, or Fischer-
Tropsch synthesis of bio-syngas to synthetic hydrocarbon fuels); or thermal (biomass gasification to 
bio-syngas for further processing, or pyrolysis); and a combination of some of, or all, the processes 
(biomass gasification plus Fischer-Tropsch synthesis for the production of synthetic hydrocarbon 
fuels with possibilities for power generation; biomass gasification plus fermentation for bio-ethanol 
product). Biomass gasification offers a considerable potential and it can act as a key enabling 
technology for the development of integrated and flexible bio-energy strategies for Nigeria.  The co-
production of biomass-based Fischer-Tropsch liquids and power could be an important step in a 
strategy to increase the contribution of bio-energy in the supply of energy in Nigeria. Fischer-Tropsch 
liquids – (diesel and gasoline) could be introduced in the medium term, profiting from their 
compatibility with current fuel delivery infrastructure, and vehicle technologies. 

Introduction 
Renewable energy is energy from non-vanishing natural resources, such as, sunlight, wind, 
water, tide/wave, geothermal and biomass.  They are naturally replenished; hence they are 
said to be renewable.  Solar energy is energy that is collected from sunlight.  It can be used to 
generate electricity, power water schemes in rural communities1 and dry agricultural 
products. The kinetic energy of wind is exploited for power generation in wind turbines 
which accomplish a two-action process in absorbing the energy from the wind and delivering 
the energy in various forms through its rotor2.  Energy is supplied in the form of electricity, 
heat or fuels and an energy supply system must guarantee sufficient production and 
distribution of energy3

produce electricity in hydroelectric plants.  Even a slow flowing stream of water can yield 
considerable amounts of energy. Tidal motion is either vertical or horizontal and can be used 
in tidal stream generators like wind turbines.  Geothermal energy is energy obtained by 
tapping the heat of the earth’s crust, usually in the form of hot water or steam.  Ikogosi warm 
springs in Nigeria and the Wikki warm springs are known to possess geothermal energy

. Hydro power uses the potential and kinetic energy of water to  

4
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1 Adoko, S., & Audu, T.O.K, (2006a): Transition to renewable energy key factor for sustainable growth and 
environment protection in the South of Sahara sub – regions of Africa’s rural communities. Australia-New 
Zealand Solar Energy Society, Canberra Australia; Adoko, S., & Audu, T.O.K (2006b): ‘Can renewable energy 
technologies, science and research be critical factors for sustainable development in the south of Sahara sub – 
region of Africa? Renewable energy for sustainable development in the Asia Pacific Region, Murdoch 
University, Australia, 4 – 7 February, Book of Abstracts, pg 22,  Renewable Energy Network, Murdoch 
University, Perth, Western Australia. Adoko, S., & Audu, T.O.K, (2006c): Implementing solar water scheme 
for rural community in South Saharan Africa; problems and prospects, Japan, Solar Energy Society, Tokyo, 
Japan.  
2 Adoko, S., Audu, T.O.K, Akinbobola, H and Irete, K. (2007): Modeling the dynamic behaviour of a wind 
turbine, Solar World Congress, International Solar Energy Society, Beijing China.  
3 Akella, A.K., Saaini, R.P., and Sharma M.P, (2007): Modeling of integrated renewable energy system; World 
Renewable Energy Network, International Conference, Renewable energy for sustainable development in the 
Asia Pacific Region, Murdoch University, Australia, 4 – 7 February, Book of Abstracts, pg 13.  
4 Babalola, O. O., (1984): High-potential geothermal energy resource areas of Nigeria and their geologic and 
geophysical assessment., Am. Assoc. Pet. Geol., Bull.; (United States); Journal Volume: 68, 4. 
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Hoogwijk et al.,5 conducted a comparative analysis of the bio-energy potentials, reported in 
the literature, and examined the main factors influencing biomass availability.  Their 
estimated range of global bio-energy potentials for the year 2050 is between 32 EJ/year and 
about 1130 EJ/year, which is rather very wide.  There is, however, insufficient analysis of the 
influence of competing use of land and biomass in the estimates for bio-energy potentials.  
The ability to exploit the global energy potential depends on technological-progress, 
economic –incentives, and institutional-development, -related actions.  Such actions include 
minimizing associated environmental impacts, development of dedicated fuel supply systems, 
avoiding conflicts with food production, biomaterials production and other land uses, solving 
logistics-of-supply problems, particularly those related to transport of the feed stock6

Increasing the share of energy carriers from biomass in the global energy supply requires a 
reliable, sustainable and cost – effective chain for the production, transport and conversion of 
the biomass feed stock.  Also, the technologies that allow the conversion of biomass into high 
quality energy carriers should be cost effective, efficient, environmentally sound and flexible.  
Biomass gasification offers a considerable potential and can act as a key enabling technology 
for the development of integrated and flexible bio-energy strategies.  It permits the 
production or co-production of electricity, Fisher-Tropsch liquids and hydrogen. 

. 

Biomass 
Biomass is a plant derived matter.  It includes dedicated energy crops and trees, agricultural 
food and feed crops, crop wastes and residues, and organic municipal solid waste.  Typically, 
it includes: 

• carbohydrates, such as corn, 
• sugar from cane or beet,  
• vegetable oil, for example, rape, palm, soy  
• ligno-cellulosics (cellulose, hemicelluloses, and lignin) such as wood, grass, 

straw, residues.  
• algal biomass from algae. 

o algal biomass can be produced using ocean and waste water, 
o algae can produce up to 60% of their body weight in the form of triacyl 

glycerols, 
o algae are produced in algal ponds or photo bioreactors, other algae produce 

a mix of hydrocarbons similar to light crude petroleum 7

Solid biomass is most commonly used directly as a combustible fuel

(Sheehan et al., 
1998) 

8

Local biomass production  

.  It produces 10 to 20 
MJ of heat. Most types have energy content; for example, cow manure contains two – thirds 
of the original energy consumed by the cow. 

                                                           
5 Hoogwijk, M., Faaij A., van den  Broek R., Berndes G., Gieten, D., Turkenberg W., (2003): Exploration of the 
ranges of the global potential of biomass for energy, Biomass and Energy, Vol. 25 No. 2; 119 – 133. 
6 Turkenburg, W., Beurskens, J., Faaij, A., Fraenkel, P., Fridleifsson, I., Lysen, E., Mills, D., Moreira J., 
Nilsson, L., Schaap, A., and Sinke, W., (2001): Renewable energy technologies. In: World Energy Assessment: 
Energy and the Challenge of Sustainability, Chapter 7 of the World Energy Assessment, 
UNDP/WEC/UNDESA. 
7 Sheehan J., Camobreco V., Duffield J., Graboski M., Shapouri J., (1998): An Overview of Biodiesel and 
Petroleum Diesel Life Cycles. – A Joint Study sponsored by the US Department of Agriculture and the US 
Department of Energy; 47 p.  
8 Audu, T.O.K., (1994): Solid fuel from fibrous agricultural wastes, Financial Guardian, Innovations, Monday 
August 1, pg 11. 
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Nigeria is said to occupy a total land area of 92,337,000 ha (923,370 km2)9

• arable land – 30,200,000 ha, 
: 

• permanent crops – 2,800,000 ha, 
• permanent pasture – 39,200,000 ha, 
• forests and woodlands – 14,300,000 ha 
• others – 5,837,000 ha 

There is no doubt that Nigeria has adequate potential for biomass production.  Biomass, as a 
source of energy, has been, and remains, a principal method for cooking, drying and heating 
in Nigeria.  Through adequate funding and research, the biomass resources can be used to 
supply clean energy and materials.   

Consider, for example, that 10% of the arable land, (that is, 3,020,000 ha) is used for energy 
production. For an estimated yield of 10 tonnes of total solids per ha, 30,200,000 tonnes of 
total solids will be produced. The High Heating Value (HHV) of wood is said to be 19.73 + 
0.98MJ/kg, with an allowance for a loss of 1.4MJ/kg as latent heat of vaporization of the 
produced water10

Although the priority of the agricultural policy of Nigeria is food production, the need for 
power generation cannot be over emphasized.  Biomass agriculture can have a very 
significant, positive influence on the national economy.  Energy crops represent the largest 
potential source of bio-energy feed stocks, whether as whole biomass or as wastes, or 
residues.  The availability of dedicated land is, however, a pre-condition for the potential to 
be realized. Fertilizer and other inputs have a major impact on the sustainability of the energy 
crops.  Ligno-celulosics require lower amounts of such inputs

.  In the present circumstances, for an HHV of 18MJ/kg total solids the 10% 
of the arable land would yield 574 PJ of energy or 12.8 Mtoe (million tonnes oil equivalent). 

11.  Biomass is one potential 
source for the conversion of plant material into a suitable form of energy or as fuel for an 
internal combustion engine12

Land utilization and management for bio-energy production are extremely critical in 
assessing the total energy and environment life cycle sustainability of bio-based renewable 
fuels.  

.   

Bio-Based Renewable Fuels  

Bio-fuels are biomass-based fuels.  They exist in the three states of aggregation: solids, 
liquids and gases, and are classified as Combustible Renewable and Waste (CRW). 

 Solid fuels: 
• Solid biomass is a solid fuel. Examples include,  

 wood, wood waste, twigs, leaves, grasses, purpose – grown energy 
crops, woody materials generated by wood and paper industry or by 
forestry and agriculture (firewood, wood chips, bark, saw dust, 

                                                           
9 Holm-Nielsen J.B., Madsen M., Popiel P.O., (2006): Predicted energy crop potentials for bio-energy world-
wide and for EU 25, World Bio-energy Conference on Biomass for Energy, 30th May – 1st June, Jo″nkôping – 
Sweden, 15 Pages. 
10 Harker A. P., Sandals A., & Burley J., (1982): Calorific values for wood and bark and a bibliography for fuel 
wood, Report, Tropical Products Institute, London, UK, G162, Bioscience TP324.H37. 
11 Mckendry P., (2002): Energy production from biomass (part 2): Conversion technologies; Bio-resource 
Technology, Vol. 83, Issue 1, May, 47 – 54.; Batidzinai, B., Faaij, A.P.C., & Smeets, E., (2006): Biomass and 
Bio-energy supply from Mozambique, energy for sustainable development, Vol. 10, Issue 1, March, 54 – 81.; 
12 McKendry, P, Op. cit.   
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shavings, chips as well as straw, nut shells, rice husks, fibrous 
wastes13 and poultry litter), that are directly burned or converted 
into a low quality gas in small low technology anaerobic tank 
digesters or fixed bed gasifiers14

 charcoal which is the solid residue of the destructive distillation and 
pyrolysis of wood and other vegetable matter. 

. 

According to an analysis on energy use in developing countries undertaken by the 
International Energy Agency (IEA), 2.4 billion people rely on biomass for cooking and 
heating. It accounts for more than 80% of their total residential energy requirements, and 1.6 
billion people have no access to electricity15

 Liquid bio-fuel  

. 

Liquid bio-fuel is either bio-alcohol such as ethanol fuel or oil such as biodiesel or 
straight vegetable oil (SVO).  Biodiesel (alkyl ester) can be used as fuel in modern 
diesel vehicles.  Its use results in the reduction in net CO2 emissions. It can be made 
from waste and virgin vegetable and animal oils and fats, otherwise known as lipids.  
Some energy crops such as, corn, corn stalks, sugar cane are grown specifically for 
the production of ethanol, a liquid that can be used in internal combustion engines.  In 
the U.S.A ethanol is being phased into the energy infrastructure as an E85, that is, a 
fuel consisting of 85% ethanol and 15% gasoline as transport fuel.  Brazil is already 
using E100, that is, 100% alcohol to drive some of their vehicles.  Bio-butanol is 
currently being developed as an alternative to bio-ethanol.   
Liquid bio-fuels are classified into two main groups – oxygenates and hydrocarbons-  
 Oxygenates: examples include, 

> methanol, ethanol, butanol and mixed alcohols, 
 Hydrocarbons: examples include, 

> Bio-diesel, synthetic diesel or green diesel, and synthetic gasoline. 

Liquid bio-fuels are also categorized as per the feedstock, and or, the simplicity or otherwise, 
of the conversion process. 

 First generation (1G) bio-fuels:- 

These are mostly produced from food biomass. Examples include, 

> Bio-ethanol from sugar wheat or corn 
> Bio-diesel from vegetable oils (rapeseed, jatropha)  
> Bio-butanol  

 Second Generation (2G) bio-fuels  

           These are bio-fuels from whole biomass such as wood and grasses.   

Examples include,  

                                                           
13 Audu, T. O. K. (1994). Op. cit 
14 Patzek T. W., & Pimentel D., (2006): Thermodynamics of Energy Production from Biomass, Critical Reviews 
in Plant Sciences, 24(5-6), 327-364, January. 
15 Urmee, T., Harries D., and Schlapsfer A., (2007): Issues related to rural electrification using renewable energy 
in developing Countries of Asia and the Pacific, World Renewable Energy Network International Conference. 
Renewable energy for sustainable development in the Asia Pacific Region, Murdoch University, Australia, 4 – 7 
February, Book of Abstracts, pg 23.  
 



 
Petroleum Technology Development Journal (ISSN 1595-9104): An International Journal; Jan. 2012 - Vol. 1 6 

 
 

> Bio-methanol 
> Bio-ethanol 
> Bio-butanol 
> Synthetic diesel 
> Synthetic gasoline 

 Third Generation (3G) bio-fuels. 

 These are from algal oil. Examples include, 

> Synthetic diesel, 
> Bio-ethanol, 
> Gasoline, 
> Methanol, 
> Bio-butanol, 

 Gaseous bio-fuels  

Examples include: 

> Methane, compressed synthetic natural gas (CSNG) 
> di-methyl-ether DME 
> bio-gas, consisting mainly of 55-70% methane CH4 and 23-28% 

carbon dioxide) along with some trace gases such as water vapour, 
hydrogen sulphide, nitrogen, hydrogen and oxygen. 

> agricultural biogas from anaerobic digestion of the following primary 
fuels: 

 farm slurries  
 agricultural residues  
 residues from pasture land 
 separately collected biodegradable fractions of 

municipal waste 
> landfill gas from: 

   bio-degradable fraction of waste deposited on 
land-fill site 

> sewage gas from: 
 wastewater or  
 sewage, processed and refined in sewage 

purification plant. 

Conclusion  
Biomass gasification offers a considerable potential, and can act as a key enabling technology 
for the development of integrated and flexible bio-energy strategies for Nigeria.  The co-
production of biomass – based Fischer- Tropsch liquids and power could be an important step 
in a strategy to increase the contribution of bio-energy in the supply of energy in Nigeria.  
Fischer – Tropsch liquids – diesel and gasoline – could be introduced in the medium term, 
profiting from their compatibility with current fuel delivery infrastructure and vehicle 
technologies.  There is therefore the need to set up a whole biomass gasification plus Fischer-
Tropsch synthesis experimental plant to investigate the effects of different biomass feed 
stocks, gas cleaning, and Fischer-Tropsch catalysts, inter alia, on the outputs from the gasifier 
and Fischer-Tropsch reactor for liquid fuels and power generation. 
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Undoubtedly biomass gasification is the best route to transport fuels with possibility for 
power generation. However biodiesel and bio ethanol that can be produced through fairly 
simple processes have not been fully exploited in Nigeria, thus justifying the endowment of 
the Petroleum Technology Development Fund Chair in Renewable Energy in the University 
of Benin, Benin City, Nigeria.  
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