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ABSTRACT 

 

 

A global desire for sustainable energy development to combat greenhouse gases 

(GHGs) emissions from energy sector has incited research endeavours on the 

exploitation of various kinds of renewable energy. However, presence of biomass 

resources in nearly every part of the world coupled with their ability to decarbonise 

electric power sector when used for electricity generation has attracted a very 

important attention for their exploitation. Thus, estimation and projection of the 

potential capability of different kinds of biomass resources for power generation is 

imperative. In the estimation and projection of electric power potential of a bio-

residue, a standard formulation involving only two parameters is commonly 

employed by researchers. The parameters are the calorific value of residue and 

residue conversion factor. The estimations were made in country case study without 

taking into account another factor where some quantity of residues is diverted for 

contending applications. Therefore, this research presents a new mathematical 

technique called a Modified Nominal Bio-Power Capacity (MNBPC) by introducing 

the concept of residue availability factor. The new formulation is used for estimating 

the nominal power capacity of three corn residues (cob, straw and stalk) in Nigeria as 

a case study. A period of 15 years (1996-2010) is chosen for the estimation using 

corn production quantity obtained from United Nations Food and Agriculture 

Organisation while the calorific values of the sample residues are obtained 

experimentally. The computation is also based on the average of different 

gasification efficiency of 31% adopted from literature. A projection of 10 years 

(2011-2020) based on the new formulation was performed using linear regression 

which is in line with the plan of action to integrate bioelectricity into the nation‟s 

power sector by the year 2020. The least squares technique is considered to be 

superior for the projection because of its ability to correlate production quantity with 

time in a long forecasting scenario compared to other techniques. Based on the 70% 

collection rate (availability factor) of the residue surveyed in the country case study, 

computational findings estimated 2,570 MW (2.57 GW) nominal power capacity in 

the year 2010. This potential is approximately 33% of the total current installed 

capacity of 7,876 MW and 25.7% of the national electric power demand of 10,000 

MW. The projection result shows that by the year 2020, a total capacity of 3,200 

MW (3.2 GW) could be achieved with corn stalk residue exhibiting the highest 

potential of 73.1% of the total. This is based on 61% coefficients of determination 

between the residues‟ production trend with respect to time variation as evaluated 

using Pearson‟s Product Moment Correlation Coefficient. Finally, the estimated and 

projected potential in this study has shown a significant contribution from the corn 

residues to the proposed biomass power generation in the country.   
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ABSTRAK 

 

 

Satu keinginan global bagi pembangunan tenaga mampan untuk mengurangkan 

pelepasan gas rumah hijau (GHG) daripada sektor tenaga telah mencetuskan usaha 

penyelidikan mengenai eksploitasi pelbagai jenis tenaga boleh diperbaharui. Walau 

bagaimanapun, kehadiran sumber biomas di hampir setiap pelusuk dunia ditambah 

dengan keupayaan untuk „nyah-karbon‟ sektor kuasa elektrik apabila digunakan 

untuk penjanaan elektrik telah menarik perhatian yang sangat penting untuk 

dieksploitasi. Oleh itu, anggaran dan unjuran keupayaan potensi pelbagai jenis 

sumber biojisim untuk penjanaan kuasa adalah penting. Dalam anggaran dan unjuran 

potensi kuasa elektrik bio-sisa, penggubalan standard yang melibatkan hanya dua 

parameter biasanya digunakan oleh penyelidik. Parameter adalah nilai kalori sisa dan 

sisa-sisa faktor penukaran. Anggaran yang telah dibuat dalam kajian kes negara 

tanpa mengambil kira faktor lain yang mana beberapa kuantiti sisa dialihkan untuk 

aplikasi yang berbagai. Oleh itu, kajian ini membentangkan teknik baru matematik 

dipanggil “Modified Nominal Bio-Power Capacity” (MNBPC) dengan 

memperkenalkan konsep faktor ketersediaan sisa. Formulasi baru digunakan untuk 

menganggar kapasiti kuasa nominal tiga sisa jagung (Tongkol, jerami dan tangkai) di 

Nigeria sebagai kajian kes. Tempoh 15 tahun (1996-2010) dipilih untuk anggaran 

menggunakan jagung kuantiti pengeluaran yang diperolehi daripada Pertubuhan 

Makanan dan Pertanian Pertubuhan Bangsa-Bangsa Bersatu manakala nilai kalori 

sisa sampel diperoleh dari ujikaji. Pengiraan juga berdasarkan kepada purata 

kecekapan pengegasan berbeza sebanyak 31% diambil daripada kajian literatur. Satu 

unjuran 10 tahun (2011-2020) berdasarkan penggubalan baru telah dilakukan 

menggunakan regresi linear yang selaras dengan pelan tindakan untuk 

mengintegrasikan bioelektrik ke dalam sektor tenaga negara menjelang tahun 2020. 

Teknik kuasa dua terkecil dianggap yang terbaik untuk unjuran kerana keupayaan 

untuk mengaitkan kuantiti pengeluaran dengan masa dalam senario ramalan yang 

panjang berbanding dengan teknik-teknik lain. Berdasarkan kadar kutipan 70% 

(faktor ketersediaan) sisa yang ditinjau dalam kajian kes negara, penemuan pengiraan 

menganggarkan 2,570 MW (2.57 GW) kapasiti kuasa nominal pada tahun 2010. 

Potensi ini adalah kira-kira 33% daripada jumlah kapasiti semasa sebanyak 7876 

MW dan 25.7% daripada 10,000 MW permintaan kuasa elektrik kebangsaan. Hasil 

unjuran menunjukkan bahawa menjelang tahun 2020, jumlah kapasiti sebanyak 

3,200 MW (3.2 GW) boleh dicapai dengan sisa tangkai jagung mempamerkan 

potensi tertinggi sebanyak 73.1% daripada jumlah keseluruhan. Ini berdasarkan 

kepada 61% pekali penentuan diantara halatuju pengeluaran sisa berbanding kepada 

perubahan masa sebagaimana dinilai menggunakan Momen Pekali Korelasi Product 

Pearson. Akhir sekali, potensi yang dianggarkan dan diunjurkan dalam kajian ini 

telah menunjukkan sumbangan yang ketara daripada sisa jagung untuk penjanaan 

kuasa biojisim yang dicadangkan di negara ini. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Background of the Study 

 

Off-grid and grid connected renewable and distributed power generation 

using biomass residues is rapidly becoming a highly forward-thinking option to rural 

energy predicament in many developing countries.  However, large-scale electricity 

supply from fossil related energy resources have been a commonly associated 

electricity supply structure for urban neighborhoods.  Nonetheless, autonomous 

renewable and distributed power generation structures are making interesting 

incursion into the global electric power supply systems in both developed and 

developing countries. 

 

Globalization of modern economy, technologies and other human related 

endeavors can undisputedly be attributed to the dynamic and sophisticated nature of 

modern electricity supply structures.  The rapidly changing outlook of these concepts 

is responsible for the remarkable increase in global energy demand.  There have been 

rigorous efforts to meet the global energy demand challenges but relying on the 

traditional fossil power generation alone is synonymous in taking a risk of backward 

trend in modern developmental strategies.  The main reason behind this affirmation 

is that fossil electricity and other conventional energy generation sources are not only 

limited but their global reserves is declining as each day meet its end.  On this focus, 

renewable energy development is gradually becoming one among the unavoidable 

prospect in the history of mankind. 
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Excessive combustion of fossil-based has great contribution to disobliging 

environmental consequences such as global warming.  Recent industrial 

transformations experienced in advanced countries of the world have enormously 

altered the global environmental purity and sustainability.  This is because the 

progress of industrial activities highly depends on modern energy consumption 

which is critically obtainable in large quantity from the combustion of fossil fuels 

and other conventional energy resources.  To a greater extent, global fossil energy 

consumption has immensely increases the level of anthropogenic greenhouse gases 

(GHGs) emissions which is one of the major causes of persistence increase in global 

warming potential (GWP).  Global warming has serious negative consequences on 

the sustainability of human health and the serenity of biodiversity in general.  In 

respect to this consequential development, global summits like Kyoto Protocol under 

the tutelage of United Nations Framework Convention on Climate Change 

(UNFCCC), Copenhagen Climate Change Conference (CCCC), World Energy 

Congress (WEC), and Intergovernmental Panel on Climate Change (IPCC) strongly 

advocated for the use of policies to control and reduce emissions from power 

consumption and other energy related activities.  This quest has spurred the 

infiltration of several globally recognized renewable energy programmes such as 

Clean Development Mechanism (CDM), Green Energy Programme (GEP) and 

Renewable Energy for Sustainable Development (RESD). 

  

Regarding this point of view, renewable energy has attracted global curiosity 

being the only viable option available to mankind for providing solution to 

environmental constraints in generating power using conventional sources.  

Development of renewable energy from biomass is one of the major promising 

alternative energy resources because of its presence in almost every part of the 

world.  Hamzeh et al, [1] acknowledged that about 10% of global energy supply is 

generated from biomass with the remaining 90% obtainable from fossil fuels and 

other conventional energy resources.  This development is a clear index that the 

entire world is vulnerable to serious environmental peril if actions are not initiated to 

counter the trend. 
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Biomass is one of the sustainable Distributed Renewable Energy Resources 

(DRERs) for electric power generation in the world today.  Considering the 

impediment of fuel importation to rural and remote areas where bio-energy resources 

are available, then biomass is preferably the best option for energy production.  The 

most productive energy structure for biomass power application in such rural and 

remotes areas in any part of the world is distributed generation facilities.  Biomass 

for distributed generation of electricity has proved its environmental and socio-

economic benefits in recent years.  

 

Distributed generation (DG) is the oldest channel of power supply to 

domestic consumers of electricity.  Electric current was first produced in dc then 

followed by ac and the voltage profile was so low to be transported over long 

distances to serve large consumers, therefore the generating system was located close 

to the consumers in the pattern of present day DG system.  Also looking beyond this 

fact, the rate at which renewable energy DG systems are penetrating the power 

industries at present is an indication of the tactical importance of DG technologies. 

 

Biomass is obtained from varieties of sources as shown in Figure 1.1.  The 

craving effect of this research study is to critically explore the potential of some 

selected biomass residues for DG of electricity considering Nigeria as a case study.  

The phenomenon of biomass for electricity is also known as bio-power or 

bioelectricity.  In the context of renewable distributed generation of power, local 

renewable energy resources such as wind power, solar power, mini and micro 

hydropower and bio-power have been used successfully in many rural and remote 

areas with difficult access to electricity from centralized power system.  At another 

level, grid connected bioelectricity have been seen in power industries of developed 

nations.  Though, this development is not limited to developed countries as it has 

also been demonstrated in some developing countries like India, China and Thailand. 

 

 

 

 



4 
 

 

 

 

 

 

 

 

Figure 1.1: Main composition of biomass resource 

 

As the price of energy from fossil fuels continued to manifest upwards 

adjustment based on economic issues and socio-political resolutions, the structure of 

energy supply based on distributed generation is swiftly becoming more noteworthy 

in the scheme of future power supply.  Within the fold of the expected changes, 

renewable system distributed generation have a very significant role to play as shown 

in Figure 1.2.   In this technology, the necessity for building bulk transmission 

system is usual case in traditional energy supply scenario is totally void and the 

possibility of distribution network upgrading may be ignored.  Distributed generation 

is a viable alternative pattern for power generation [2] especially in regions with little 

or no access to energy from central grid system. 
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                                   Present system          Future structure 

  

Figure 1.2: Comparison between the present and future electricity supply structure 

 

Developed and developing countries are under persistence great effort to 

make provision for indispensable services to their citizens’ especially electrical 

energy which is a pivot to all other developments.  Human standard of living cannot 

be justified in absence of electrical energy services and environmental protection.  

With keen observation, wide ranges of disparity have been observed in the supply of 

electricity between developed and developing countries.  This is also the prevailing 

circumstances between urban and rural communities of developing countries most 

especially in sub-Sahara Africa (SSA) countries.  Inequality in the development of 

countries can simply be attributed to poor access to electricity which differs from 

county to country located in same or different regions.  

 

 

 

 

 

 

 

 
Fossil fuel large 

central power 

generation 

 

Fossil based 

energy  

distributed   
generation 

 

Bulk transmission 

system 

 

Distribution 

network 

 

Consumers 

load demand 

Distribution 

network 

Fossil fuel large 

central power 

generation 

Consumers 

load demand 

Renewable 

energy  

distributed   

generation 

Bulk transmission 

system 

High carbon 

emissions 

Very low 

carbon 

emissions 

Small off-grid 

energy service 

companies 



6 
 

1.1.1 History of the Nation’s Power Sector 

 

The Nigerian power sector started in 1962 as Electricity Corporation of 

Nigeria (ECN).  Niger Dam Authority (NDA) was created later to harness the 

country’s hydropower resources.  The name of the power sector was afterwards 

changed to National Electric Power Authority (NEPA) resulting from the unification 

of NDA and ECN in 1972.  Operating under the name of NEPA, the power sector 

was monopolistically entrusted with generation, transmission and distribution of 

electric power in the country.  As a result of general low performance manifestation 

of NEPA, a major reform in the sector known as Electric Power Sector Reform 

(EPSR) Act was carried-out in 2005 to disintegrate the vertically operating scenario 

in that sector of the economy. 

  

The foremost objective of the reform was to liberate the marketing policy in 

the sector by breaking the long-time monopoly being enjoyed by the NEPA.  The 

reform led to the establishment of a statutory regulatory commission, Nigerian 

Electricity Regulatory Commission (NERC) entrusted with the mandate to monitor 

all power generation, transmission and distribution related activities in the nation’s 

power sector. Independent Power Producer (IPP) participation was supported as part 

of the new investment strategy in the power sector.  The reform also endeavors to 

segregate the entire power system operations into three independent companies 

comprising six generation, one transmission and eleven distributions which came 

into effect in 2007. The collection of these independent companies is now called 

Power Holding Company of Nigeria (PHCN). 

 

Currently, there are 14 power generating stations in the country; Egbin 

(thermal power station-1320MW), Egbin AES (thermal power station-270MW), 

Sapele (thermal power station-1020MW), Okapi (thermal power station-480M), 

Afam (thermal power station-702MW), Delta (thermal power station-840MW), 

Omoku (thermal power station-150MW), Ajaokuta (thermal power station-110MW), 

Geregu (thermal power station-414MW), Omotosho (thermal power station-

335MW), Olorunsogo (thermal power station-335MW), Kainji (hydropower station-

760MW), Jebba (hydropower station-540MW) and Shiroro (hydropower station-

600MW).  The total installed capacity is 7,876MW while the estimated power 
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demand of the country is about 15000MW.  The demand had remained unmet for the 

following reasons; 

  

i. With total installed capacity of 7,876MW from hydro and thermal gas power 

plants, the available capacity is generally below 4000MW throughout the 

history of the power sector due to the problem of system infrastructures. 

ii. Inadequate diversification of energy resources. 

iii. Inconsistence policy issues and lack of reforms implementation. 

 

Table 1.1 illustrates the comparative analysis of the electricity 

consumption strength in Nigeria and some other selected countries in the world.  

Libya with population of 5.5million as shown in the Table 1.1 has generation 

potential of 4600MW with per capita consumption of 1.015kW while Nigeria is 

providing 0.03kW at the same time period despite the huge energy resources in 

the country.  The democratically elected civilians government of Nigeria from 

1999 to 2007 has invested more than $5billion into the power sector, yet every 

effort to meet the national power demand remain practically unworkable.  This 

can be attributed to several cases of endemic financial mismanagement in the 

sector.  
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Table 1.1: Comparative analysis of electricity generation in some selected countries 

[3] 

Country Population 

(million) 

Power generation 

(MW) 

Per capita 

consumption (kW) 

United States 250.00 813,000 3.200 

Cuba 10.54 4,000 0.380 

UK 57.00 76,000 1.330 

Ukraine 49.00 54,000 1.330 

Iraq 23.60 10,000 0.420 

South Korea 47.00 52,000 1.090 

South Africa 44.00 45,000 1.015 

Libya 5.50 4,600 1.015 

Egypt 67.90 18,000 0.265 

Nigeria 140.00 4,000 0.030 

 

 

 

1.1.2 Energy Demand Situation 

 

  Household and commercially supplied electrical energy had decreased over 

the years in the country.  This has accentuated the economic conditions of the 

country with characteristic social poverty and insufficient chances for development. 

Nigeria is a developing country where the majority of human populations are farmers 

but the agricultural sector is highly underdeveloped with characteristic subsistence 

structure.  Food importation especially rice and wheat is often considered used to 

support the sufficient domestic production. Household energy demand predominate 

other energy consuming sectors.  The household energy demand is mainly for 

cooking, heating, lighting and services of household appliances.  Due to energy crisis 

situation in the country, there are varieties of energy resources used to meet the 

energy needs.   

 

Liquefied petroleum gas (LPG), firewood, wood charcoal, agricultural 

residues, kerosene and electricity are the main are the various energy carriers used in 

urban, semi-urban and rural areas.  As earlier stated, majority of households rely on 

excessively on firewood and charcoal to meet large share of their domestic energy 
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consumption.  The general low income level in SSA is one of the factors affecting 

limiting the potential of  many homes from gaining access to electricity especially in 

urban areas where the service of electricity exist.  Households are allowed to decide 

on whether or not to have access to electricity in their homes [4]. Many in 

developing countries are more favored by charcoal as a source of cooking energy 

because it can be procured on the neighborhood market and used in cheap stoves [5] 

due to high billing tariffs and cost of purchasing cooking appliances [6-7] relying on 

electricity for operation.  As human population continues to grow by natural 

disposition with persistent struggle for development, electricity demand trend is also 

expected to increase proportionally. 

 

 

 

1.1.3 Categories of Biomass in Nigeria 

 

Biomass has been a traditional source of energy well identified in Sub-Sahara 

Africa countries though largely on traditional method of application.  In Nigeria, 

nearly about 98% of rural dwellers and more than 50% of urban households depends 

directly on bio-energy resources of various kinds for domestic heat energy needs.  In 

most applications, firewood are carbonized into charcoal and used in locally made 

charcoal stoves for improved burning efficiency and fuel savings.  Preference of 

charcoal over firewood and other sources of traditional energy resources are also due 

to its high energy density and easiness to be transported over some distance.  

Firewood application is commonly used in an open space three stone arrangement for 

cooking.  This set up for heat energy generation is one of the major sources of indoor 

air pollution which affect mostly women and children in the form of acute 

cardiovascular infection (ACI).  

 

Nigeria is an agrarian country. A substantial part of the country is high 

cultivable as shown in Figure 1.3 (satellite image of the country).  Although, the 

country’s agricultural activities is predominantly subsistence as majority of farmers 

rely on human labor and other traditional methods of farming.  Capital investment 

and application of mechanized agricultural inputs is limited because the government 

focuses more on revenues generation from crude oil and natural gas.  Crops growing 
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in Nigeria are mostly on rain fed system.  In Northern part of Nigeria where the 

draught season is more prolong, irrigation system is adopted by some medium and 

large-scale farmers.  In this case the irrigation facilities are usually powered by diesel 

or petrol based generators. 

 

 

Figure 1.3: Satellite image of Nigeria showing the cultivable part of the country [8] 

 

Through in the various efforts of the farmers to feed the rapidly increasing 

population, lot of biomass resources are generated.  The resources are distributed 

across the country in line with regional vegetative structures and agricultural 

activities.  Energy demand in the country has continued to increase at a significant 

pace due to rapid change in population and socio-economic activities.  Also, most 

modern farming activities need electricity for operation.  Nigerian farmers are 

scattered in rural villages with little or no access to electricity.  Large shares of their 

agricultural jobs are done by human and animal power application because 

electrification pace of rural areas in the country has very low record of just 2% 

access [9]. 

 

 

 

1.1.4 Major Biomass Residues and Production Quantity in Nigeria 

 

Biomass resources in Nigeria can be grouped into four major categories as 

illustrated in Table 1.2.  Availability of agricultural biomass in the country depends 

upon some important factors such as population, agricultural activities and natural 

vegetation (amalgamation of climate, humidity and rainfall) which are also 

applicable to purposely grown energy crops.  Ideally, forest biomass availability 

depends on natural vegetation but can be influenced by human activities such as bush 

http://en.wikipedia.org/wiki/File:Nigeria_sat.png
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burning, wood logging and overgrazing.  Municipal solid waste (MSW) generations 

depend mainly on social life of the people, availability of different functional 

institutions and economic activities of the region.  The most important biomass 

residues in Nigeria are crop residues such as rice straw, rice husk, corn stalk, corn 

straw, corn cob, sorghum stover, and sugarcane bagasse.  Others observed with 

considerable production quantity are groundnut hull, Egusi melonseed shell, sorghum 

threshed heads and wheat straw.  In Nigeria, majority of the biomass crop residues 

were always disposed off deliberately either by burning close to human residence or 

remain in the farms as onsite waste being that technologies for handling the residues 

to produce energy are not yet available in the country.  It can also be said that 

farmers have little knowledge about the use of the residues for onsite or commercial 

energy production being that Nigeria is a developing country with low diffusion of 

technological orientation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 

Table 1.2: Summary of different categories of biomass resources in Nigeria. 

Categories Examples 

Agricultural biomass Food crops: rice, corn, beans, cowpea, sorghum, yam, 

cassava, potatoes, millet and wheat 

Cash crops: sugar cane, groundnut, soyabeans, cocoa, 

oil palm and egusi melon 

Orcard crops: oranges, mangoes, cashew, pawpaw, 

walnut, cola nut, banana and pineapple 

Animal manure from cow, donkey, horse, pig, goat, 

sheep, camel and poultry birds 

 

Forest biomass Forest wood, mill residues, forest thinning residues 

and logging slash 

Municipal solid waste Printed papers, green wastes such as vegetables, 

kitchen waste, slaughter waste, landfill gas, dead 

animals, textile waste, rags, sweeping refuse, afro-

processing waste, cardboard, packaging and wood 

waste 

Purposely grown energy 

crops 

Jatropha, castor seed and sunflower 

 

Biomass residues are agro-based waste raw materials generated from post 

farming activities. Annual production quantity of different crops in Nigeria varies 

significantly from crop to crop. It signifies that the quantity of residue produced by 

different crops also varies. The production quantity of the main crops grown in the 

country is given in Figure 1.4 with year 2010 considered as base period. From the 

data presented, it is obvious that corn has the highest production quantity and as well 

it generates three different residues compare to some of the crops. This is the major 

reason why corn residue is considered suitable for this research study. 
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Figure 1.4: Production quantity of main crops with bio-residues in tonnes [10] 

 

Moreover, application of the residues for animal livestock feeding or for 

other competing purposes is not very significant in the country because livestock 

rearing practice in Nigeria is intensively on nomadic bases.  Domesticated animals in 

the country are also not well monitored in regard to feeding.  In most cases they are 

freely allowed to feed from the surrounding vegetations.  At present no rural energy 

arrangement in existence for utilization of these residues and the resources are 

usually very much available at the end of every harvesting seasons.  Since 

availability of residues is the main factor to be considered before evaluating their 

potential for energy generation [11], therefore, this study address the contribution to 

electricity from some selected biomass crop residues as energy feedstock in Nigeria.   

 

 

 

1.2 Statement of the Problem  

 

Global stride to reduce the level of emissions of GHGs in the atmosphere and 

enthusiasm to bridge the socio-economic gap between rural and urban settlements are 

among the vital needs for bio-power generation.  Spectacular change in the 

population of the country from time to time adjudges the country’s corresponding 

increase in energy demand.  The widespread revolting situation in the nation’s power 

sector revealed that more than half of the people living in Nigeria especially in rural 
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areas lack access to electrical energy.  Approximately 40% of households in the 

country have access connection to the nationwide grid [12].  Development of clean 

and renewable energy source like biomass has not been reckoned with even though 

its logical role in the country’s current state of affairs is productive. However, there 

are many barriers affecting RE development in the country including potential 

estimation of the available resources and inadequate funding mechanism.  

 

The situation of energy crisis and sporadic power failures in Nigeria is very 

disturbing situation to the public consumers of electrical energy because of its effects 

on the general quality of life.  Electricity provisioning has very great influence in 

modern civilization as well as urban and rural socio-economic development.  Many 

developing counties have not only explored their biomass resources potential but 

they have invested wisely on the growing technology for constructive growths.  

Therefore, the priority of this study is to provide a platform for some selected 

biomass residues for bioelectricity application in Nigeria. 

 

Survey on available literatures hinging on bio-power potential evaluation so 

far disclosed that researchers have neglected the need to tackle lost of residues to 

other activities competing applications with bio-residue use for power generation.  

Realistically, it is practically impossible to use 100% of residues produce for power 

generation purpose being that there are some competing applications where some of 

these residues may be used.  This fact was also acknowledged by Yang [13], based 

on the recommendation of National Resources Conservation Service (NRCS) of the 

United States Development Agency (USDA) that for power generation using crop 

residue some quantity is diverted for other applications.  With respect to this 

challenge, this research tends to establish mathematical formulation to accommodate 

the loss in quantity of residues produced by modification of standard computational 

technique while introducing what is known as modified nominal bio-power potential 

(MNBPC) evaluation function. It also aims at long term forecasting using regression 

analysis in line with the country’s plan of action to integrate bioelectricity into the 

power sector by year 2020. 
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1.3 Objectives of the Study 

 

Government efforts for rural electrification by grid expansion (GE) cannot be 

relied upon as the Rural Electrification Project (REP) of the country has well-known 

history of failure.  It is financially expensive to provide electricity to sparsely 

populated areas in developing countries like Nigeria because government interest is 

to focus on GE. Insufficient fund, financial irregularities in the nation’s power sector 

couple with some technical constraints may further compound the problem of 

electricity supply to rural communities.  There is consensus opinion among 

renewable energy experts that bio-energy if well tapped can offer a better alternative 

to rural energy scarcity.  The problem of intermittent national energy and economic 

crisis, environmental and health related menace from fossil fuels consumption is a 

serious concern.  There is speculation that backward trend in energy provision in the 

country may remain for ages if the syndrome of grid extension mission triumph.  

Electricity provision by GE has to be followed by a corresponding increase in the 

national power generation capacity.  

 

Modern agricultural practices seek to transform farming processes into a 

mechanized type to support the ever growing population and energy demand. Energy 

provision is the only agent that can drive the envisage development in agricultural 

sector.  Establishment of independent distributed power generation systems in rural 

areas can reduce the problems in the national energy supply matrix.  Investment in 

biomass and other green energy technologies can give Nigeria the capacity to 

overcome energy shortage and reposition the country’s investment capacity before 

year 2020. Hence, the precise objectives of this research study are: 

 

i. To estimate the potential for power generation of the residues using modified 

bio-power nominal capacity assessment formulation. 

ii. To apply regression analysis to project the nominal power capacity for a 

period of 10 years and as well investigates the trend relationship between the 

residues production quantity and the future time variation based on 

forecasting technique from 2011 to 2020. 
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1.4 Significance of the Study 

  

At present biomass for energy application is gaining a serious momentum 

around the world. It is in the coordinated efforts of the giants and emerging 

economies of the world to reduce the drift of atmospheric pollution from burning of 

fossil fuels.  They also acknowledge the needs to continued socio-economic 

development to improve standard of livings of the entire humankind.   All these 

ideologies prompted the searches for clean and sustainable energy which is an 

inevitable endeavor for every sovereign country.  Major and minors feedstock bio-

energy are now coming to the limelight as the search for renewable bio-energy 

resources continued.  It is this zeal that glint interest on this study to investigate the 

potential of the biomass residues for distributed generation as a contribution to the 

energy needs of the country. 

  

Although, Nigeria is not an industrialized nation but the economic and 

environmental demand to rearrange the portfolio to exploit sustainable energy 

resource in the country is pragmatic.  In order to confront the problems of energy 

shortage while simultaneously seeking to counter environmental constraint from 

fossil fuel consumption, bio-energy development is seen as a strategic option.  In 

addition, utilization of biomass for energy can foster economic development, 

improve the living conditions of rural dwellers, encourage new sense of social 

integration, promote national interest and set a pace for physical development.  

Therefore, this research intent to provide a road map for sustainable bioelectric 

power generation from the selected biomass residues through distributed generation 

technology in Nigeria.  The ploy to exploit the benefits of CDM in line with Kyoto 

Protocol is another significance of this research.  Also, it will be structured to support 

as a noteworthy information provider to key energy bodies in the country like Energy 

Commission of Nigeria (ECN), Power Holding Companies of Nigeria (PHCN), 

Independent Power Producers (IPPs) and international bodies that may have vested 

interest to promote renewable energy development in Nigeria. 
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1.5 Scope of the Study 

 

Studying the potential of any raw material for alternative energy production is 

a very essential task.  Several studies have explained some tactical importance of RE 

resources in the upwards and downwards of energy application. Efforts have not 

been harnessed for exploring the potential of biomass corn residues for power 

generation in the country.  Based upon this, the study aimed at determining the 

nominal power potential of all the three main residues from corn; cob, stalk and 

straw.  

 

 

 

1.6 Research Contribution 

 

This research intends to contribute to a growing centre of bio-power 

generation knowledge which is one of the global spotlights towards embracing 

alternative energy production.  The strategic contributions of the research involve 

mathematical modification of nominal power potential evaluation function to 

accommodate losses in the quantity of residues utilization for power generation.  It 

also forecasts the potential availability of residues for power generation using time 

series.  

 

 

 

1.7 Thesis Outline 

 

This thesis is structured into fivefold chapter.  Chapter one centre on the 

general introduction to the concept of renewable energy using biomass for distributed 

power generation.  Also covers key areas of case study country’s description, current 

situation of the nation’s power sector, electricity demand portfolio of the country as 

well as biomass resources available in the country.  In the later sections of the 

chapter, problem statement, objectives, significance, scope and the research 

contribution were discussed. 
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Chapter two mainly reviewed on the related literatures starting with the 

definition of biomass in relation to energy production.  It then follows by the review 

of related literature on biomass for power generation in various case study countries.  

Within the fold of this chapter, it also highlights weaknesses of many other 

projection techniques as they are not productive for long term forecasting. The 

benefit of biomass for power generation in developing countries is also discussed.  

The chapter was concluded with discussions on various technological pathways of 

biomass residues conversion for power generation. 

 

In chapter three, the research methodologies were intensively discussed.  

Starting with the prologue using flowchart, this research work explores three 

different methodologies. After the review of past literature then followed 

mathematical formulation, and laboratory experiment using the selected research 

samples (corn cob, corn straw and corn stalk).  It was followed by the collection of 

secondary data on the crop residues production over some period of time (15 years). 

Microsoft Excel based computational procedure was employed then analysis and 

discussion of results.  

 

Chapter four dwells on the research result, analysis and discussion of 

findings. The result of the experiment with that of the corn production data are used 

for the computation of the nominal power capacity of each residue.  It also utilizes 

the time series data for trend line forecasting equation.   

 

Chapter five which is the last segment of the thesis discusses on the 

conclusion and future work.  It pin-points the conclusion base on the findings of the 

research work and also endeavors to concludes based on the future research work.  It 

was advocated that future work shall give directives on how to expand the frontier of 

energy consumption using the biomass resources for renewable power generation. 

 

  

 

 

 



65 
 

REFERENCES 

 

1. Hamzeh, Y., Ashori, A., Mirzaei, B., Abdulkhani, A., and Molaei, M. (2011). 

Current and Potential Capabilities of Biomass for Green Energy in Iran. 

Renewable and Sustainable Energy Reviews. 15(9), 4934-4938. 

 

2. Ruan, Y.,  Liu, Q., Zhuo, W., Firestone, R., Gao, W., and Watanaba, T. 

(2009). Optimal Option of Distributed Generation Technologies for various 

Commercial Buildings, Applied Energy. 86(9), 1641-1653. 

 

3. Okafor, E.E. (2008). Development Crisis of Power Supply and Implication for 

Industrial Sector in Nigeria. Studies of Tribes and Tribal. 6(2), 83-92. 

 

4. van Ruijven, B. J., Schers J.,  and van Vuuren D.P. (2012). Model-Based 

Scenarios for Rural Electrification in Developing Countries. Energy. 38(1), 

386-397. 

  

5. Bailis, R., Ezzati, M., and Kammen, D.M. (2003). Greenhouse Gas 

Implications of Household Energy Technology in Kenya. Environmental 

Science and Technology. 37(10), 2051-2059. 

  

6. Madubansi, M. and Shackleton, C.M.  (2007). Changes in Fuelwood Use and 

Selection Following Electrification in the Bush Buckridge Lowveild, South 

Africa. Journal of Environmental Management. 83(4), 416-426. 

 

7. Arthur, M., Zahran, S., and Bucini G. (2010). On the Adoption of Electricity 

as a Domestic Source by Mozambican Households. Energy Policy. 38(11), 

7235-7249. 

  

8. Satellite Image of Nigeria. http://en.wikipedia.org/wiki/File:Nigeria_sat.png 

 

9. NBS (National Bureau of Statistics). 2009. Annual Abstract of Statistics. NBS: 

Abuja-Nigeria. 

 

 

 

http://en.wikipedia.org/wiki/File:Nigeria_sat.png


66 
 

10. United Nations Food and Agriculture Organization (FAO): 

http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor. 

Accessed on 27
th

 April, 2012.  

 

11. Jingura, R.M. and Matengaifa, R. (2008). The Potential of Energy Production 

from Crop Residues in Zimbabwe. Biomass & Bioenergy. 32(12), 1287-1292. 

 

12. Sambo, A.S. (2009). Strategic Development in Renewable Energy in Nigeria, 

Proceedings of International Association for Energy Economics. 21-24 June. 

San Francisco: IAEE, 15-19. 

 

13. Yang, J. (2011). Crop Residue Based Bioelectricity Production Prospect in 

China, Materials for Renewable Energy & Environment (ICMREE), 2011 

International Conference. 20-22 May. Beijing, China: IEEE, 267-270. 

 

14. Duku, M.H., Gu, S., and Hagan, E.B. (2011). A Comprehensive Review of 

Biomass Resources and Biofuels Potential in Ghana.  Journal of Renewable 

and Sustainable Energy Review. 15(1), 405-415. 

  

15. Das, M. and Das, N. (2009). Biomass: A Sustainable Source of Energy. Power 

and Engineering Conference, 2009 (APPEEC Asia Pacific). 27-31 March. 

Wuhan, China: IEEE, 1-4. 

 

16. Sajjakulnukit, B., Yingyuad, R., Maneekhao, V., Pongnarintasut, V., 

Bhattacharya, S.C., and Abdulsalam, P. (2005). Assessment of Sustainable 

Energy Potential of Non-Plantation Biomass Resources in Thailand. Biomass 

& Bioenergy. 29(3), 214-224. 

 

17. Xiaoming, W., Tang, L., Wang, H., Hao, H., Wang, Y., Zhu, C., and Huang, 

H. (2010). Assessment of Biomass Energy Production Potential in China. 

Proceedings of Power and Engineering Conference (APPEEC). 28-31 March. 

Chengdu, China: IEEE, 1-4. 

 

18. Steubing, B., Zah, R., Waeger, P., and Ludwig, C. (2010). Bioenergy in 

Switzerland: Assessing the Domestic Sustainable Biomass Potential. 

Renewable and Sustainable Energy Reviews. 14(8), 2256-2265. 

http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor


67 
 

 

19. Li, Y. and Song, M. (2011). Analysis of the Use of China Rural Biomass 

Energy and Countermeasures. Artificial Intelligence, Management Science and 

Electronic Commerce (AIMSEC), 2011 2
nd

 International Conference. 8-10 

August. Zhengzhou, China: IEEE, 6139-6141. 

 

20. Dasappa, S. (2011). Potential of Biomass Energy for Electricity Generation in 

Sub-Sahara Africa. Energy for Sustainable Development. 15(3), 203-213. 

 

21. Ke, L. and Chun, J. (2011). Summary of the Development of Bioenergy in the 

Future. Material for Renewable Energy and Enviroment (ICMREE), 2011 

International Conference. 20-22 May. Shangai, China: 400-403. 

 

22. Alfonso, D., Perpina, C., Perez-Navarro, A., Penalvo, E., Vargas, C., and 

Cardenas, R. (2009). Methodology for Optimization of Distributed Biomass 

Resources Evaluation, Management and Final Energy Use. Biomass & 

Bioenergy. 33(8), 1070-1079. 

 

23. Karaj, Sh., Rehl, T., and Muller, L.J. (2010). Analysis of Biomass Residues 

Potential for Electrical Energy Generation in Albania. Renewable and 

Sustainable Energy Reviews. 14(1), 493-499. 

 

24. Loeser, M. and Redfern, M.A. (2008). Overview of Biomass Conversion and 

Generation Technologies. Proceedings of Universities Power Engineering 

Conference, 2008. UPEC 2008. 43
rd

 International. 1-4 September. Padova, 

Italy: IEEE, 1-4. 

 

25. Das, M. and Das, N. (2009). Biomass: A Sustainable Source of Energy. Power 

and Engineering  Conference, 27-31 March. APPEEC. Asia Pacific, 1-4. 

 

26. Chompoo-inwai, C., Leelajindakrairerk, M., Banjongit, S., Fuangfoo, P., and 

Wei-Jen Le. (2009). Biomass Power Generation Development in Thailand. 

Proceedings of Power & Energy Society General Meeting, 26-30 July. 

Calgary, Canada: IEEE, 1-4. 

 



68 
 

27. Fernandes, U. and Costa, M. (2010). Potential of Biomass Residues for Energy 

Production and Utilization in a Region of Portugal. Biomass & Bioenergy. 

34(5), 661-666. 

 

28. Truong, N.L. and Quang, C.U. T. (2004). Potential of Distributed Power 

Generation from Biomass Residues in Vietnam:  Status and Prospect. 

Electricity Supply Industry in Transition: Issues and Prospect for Asia.14-16 

January. Bangkok, Thailand: 28-39. 

 

29. Butnar, I., Rodrigo, J., Gasol, C.M., and Castells, F. (2010). Life-cycle 

Assessment of Electricity from Biomass: Studies of Two Biocrops in Spain. 

Biomass and Bioeneergy. 34(12), 1780-1788. 

  

30. Demirbas, M.F., Balat, M., and Balat, H. (2009). Potential Contribution of 

Biomass to the Sustainable Energy Development. Energy Conversion and 

Management. 50(7), 1746-1760. 

  

31. Baillie, R., and Bollerslev, T. (1992). Prediction in Dynamic Models with 

Time-Dependent Conditional Variances. Journal of Econometrics 52 (4) 91–

113. 

 

32. McCullough, B. D., and Renfro, C. (1998). Benchmarks and Software 

Standards: A Case Study of GARCH Procedures. Journal of Economic and 

Social Measurement. 25 (2), 59–71. 

 

33. Athanasios, I. T., Athanasios A. R., and Ilias, P. T. (2010). Time-dependent 

Opportunities in Energy Business: A Comparative Study of Locally Available 

Renewable and Conventional Fuels. Renewable and Sustainable Energy 

Reviews. 14 (1) 384–393. 

34. Box. G., Jenkins, J., and Reinsel, G. (1994). Time Series Analysis: Forecasting 

and Control, (3
rd

 ed.), Upper Saddle River, NJ.: Prentice Hall. 

 

35. Sumer, K. K., Goktas, O., and Hepsag, A. (2009). The Application of Seasonal 

Latent Variable in Forecasting Electricity Demand as an Alternative Method. 

Energy Policy. 37 (4), 1317–1322. 

 



69 
 

36. Zhou, P., Ang, B.W., and Poh, K.L. (2006). A Trigonometric Grey Prediction 

Approach to Forecasting Electricity Demand. Energy. 31 (14) 2839–2847. 

 

37. Hippert, H. S., Bunnb, D. W., and Souza, R. C. (2005). Large Neural 

Networks for Electricity Load Forecasting: Are they Overfitted? International 

Journal of Forecasting 21 (3), 425– 434. 

 

38. Taylor, J. W. (2010). Triple Seasonal Methods for Short-term Electricity 

Demand Forecasting. European Journal of Operational Research 204 (1), 

139–152. 

 

39. Kiartzis, S. J., and Bakirtzis, A. G. A Fuzzy Expert System for Peak Load 

Forecasting: Application to the Greek Power System. In: Proceedings of the 

10th Mediterranean Electro Technical Conference, vol. 3. 2000. p. 1097–100. 

 

40. Miranda, V., and Monteiro, C. (2000). Fuzzy Inference in Spatial Load 

Forecasting. In: Proceedings of IEEE Power Engineering Society Winter 

Meeting, vol. 2. 2000. p. 1063–1068. 

 

41. Song, K. B., Baek, Y. S., and Hong, D. H., and Jang, G. (2005).  Short-term 

Load Forecasting for the Holidays Using Fuzzy Linear Regression Method. 

IEEE Transactions on Power Systems. 96–101. 

 

42. Mamlook, R., Badran, O., and Abdulhadi, E. (2009). A Fuzzy Inference 

Model for Short-term Load Forecasting. Energy Policy. 4 (37), 1239–1248. 

 

43. Jain, A., Srinivas, E., and Rauta, R. (2009). Short Term Load Forecasting 

Using Fuzzy Adaptive Inference and Similarity. In: Proceedings of the World 

Congress on nature and biologically inspired computing Coimbatore. 2009. p. 

1743–1748. 

 

44. Kucukali, S., and Baris, K. (2010). Turkey’s Short-term Gross Annual 

Electricity Demand Forecast by Fuzzy Logic Approach. Energy Policy. 38 (5), 

2438–2445. 

 

45. Arbex, M., and Perobelli, F.S. (2010). Economic Growth and Energy 

Consumption. Energy Economics. 32 (1), 43–53. 



70 
 

46. Hsu, C. C., and Chen, C. Y. (2003). Applications of Improved Grey Prediction 

Model for Power Demand Forecasting. Energy Conversion and Management. 

44, 2241–2249. Elservier. 

 

47. Yao, A. W. L., Chi, S. C., and Chen, J. H. (2003). An Improved Grey-based 

Approach for Electricity Demand Forecasting. Electric Power Systems 

Research. 3 (67), 217–224. 

 

48. Ang, B. W. (1995). Decomposition Methodology in Industrial Energy 

Demand Analysis. Energy. 20(11),1081–1095. 

 

49. Sun, J. W. (2001). Energy Demand in the Fifteen European Union Countries 

by 2010: A Forecasting Model Based on the Decomposition Approach. 

Energy 26 (6), 549–560. 

 

50. Gil-Alana, L. A., Payne, J. E., and Loomis, D. (2010). Does Energy 

Consumption by the US Electric Power Sector Exhibit Long Memory 

Behaviour? Energy Policy. 38 (4), 7512–7518. 

 

51. Liu, X. Q., Ang, B. W., and Goh, T. N. (1991). Forecasting of Electricity 

Consumption: A Comparison between an Econometric Model and a Neural 

Network Model. In: IEEE International Joint Conference on Neural 

Networks, vol. 2. 1991. p. 1254–1259. 

 

52. Gonzalez-Romera, E., Jaramillo-Maron, M. A., and Carmona-Fernandez, D. 

(2006). Monthly Electric Energy Demand Forecasting Based on Trend 

Extraction. IEEE Transactions on Power Systems. 21(4), 1946–1953. 

 

53. Woods, J. (2006). Science and Technology Options for Harnessing 

Bioenergy’s Potential. In Hazell, P. and  Pachauri, R.K. (Ed.) Bioenergy and 

Agriculture: Promises and Challenges, Vision 2020. Focus Brief 14, 

International Food Policy Research Institute (IFPRI) 2006, Washington DC, 

Brief 6 of 12. Available from: 

http://www.ifpri.org/sites/default/files/publications/focus14 06.pdf. 

 

http://www.ifpri.org/sites/default/files/publications/focus14%2006.pdf


71 
 

54. Duku, M.H., Gu, S., and Hagan, E.B. (2011). Biochar Production Potential in 

Ghana-A review. Renewable and Sustainable Energy Reviews. 15(8), 3539-

3551. 

 

55. Ravindranath, N.H. (1993). Biomass Gasification: Environmentally Sound 

Technology for Decentralized Power Generation: A Case Study from India.  

Biomass and Bioenergy. 4(1), 49-60. 

 

56. Ravindranath, N.H. and Hall, D.G. Biomass Energy and Environment. (1
st
 ed.) 

New Delhi, Oxford University Press. 

 

57. Tripathi, A.K., Iyer, P.V.R., and Kandpal, T.C. (1997). A Financial Evaluation 

of Biomass Gasifier-Based Power Generation in India. Bioresource 

Technology. 61(1), 53-59. 

 

58. Purohit, P. (2009). Economic Potential of Biomass Gasification Projects under 

Clean Development Mechanism in India. Journal of Cleaner Production. 

17(2), 181-193. 

 

59. Kirkels, A.F. and Verbong, G.P.B. (2011). Biomass Gasification: Still 

Promising? A 30-year Global Overview. Renewable and Sustainable Energy 

Reviews. 15(1), 471-481. 

 

60. Black, V. (2008). Advanced Biopower Technology Assessment. 

Massachusetts Division of Energy Resources, Massachusetts Department of 

Conservation and Recreation. 

 

61. Ephrem, B. (2007). Designing and Manufacturing of Down Draft Gasifier 

Plant for Prosopies Juliflora Species Fuel along with Performance Evaluation 

Analysis, Master Degree Thesis, Addis Ababa University, Ethiopia. 

 

62. Demirbas, A. (2007). Modernization of Biomass Energy Conversion Facilities. 

Energy Sources, Part B: Economics, Planning and Policy, 2 (3), 227-235. 

 

63. Bridgwater, A.V. (2003). Renewable Fuels and Chemicals by Thermal 

Processing of Biomass. Chemical Engineering Journal, 91(2-3), 87-102. 

 



72 
 

64. Demirbas, A. and Arin, G. (2002). An overview of Biomass Pyrolysis. Energy 

Sources, 24 (5), 471-482. 

 

65. Jiqing, F., Tom, N. K., Matthew, A., Jordan, K., Adam, S., and David, R. S. 

(2011). Life Cycle Assessment of Electricity Generation using Fast Pyrolysis 

Bio-oil. Renewable Energy, 36 (2), 632-641. 

 

66. DOE Pyrolysis Oil Upgrading, Jan 12, 2010. 

http://www1.eere.energy.gov/biomass/pdfs/pyrolysis_upgrading.pd 

 

67. Bridgwater, T., and Peacocke, C. (1995). Biomass Fast Pyrolysis. In: 

Proceedings of Second Biomass Conference of the Americas, p. 1037-1047. 

 

68. Faaij, A., van Ree, R., Waldheim, L., Olsson, E., Oudhuis, A., and van Wijk 

A. (1997). Gasification of Biomass Wastes and Residues for Electricity 

Production. Biomass and Bioenergy. 12(6), 387-407.  

 

69. Ganesh, A. and Banerjee, R. (2001). Biomass Pyrolysis for Power Generation 

a Potential Technology. Renewable Energy. 22 (1-3), 9-14. 

 

70. Yoshida, Y., Dowaki, K., Matsumura, Y., Matsuhashi, R., Li, D., and Ishitani 

H. (2003). Comprehensive Comparison of Efficiency and CO2 Emissions 

between Biomass Energy Conversion Technologies-Position of Supercritical 

Water Gasification in Biomass Technologies. Biomass and Bioenergy. 25(3), 

257-272. 

 

71. Corti, A. and Lombardi, L. (2004). Biomass Integrated Gasification Combined 

Cycle with Reduced CO2 Emissions: Performance Analysis and Life Cycle 

Assessment (LCA). Energy. 29(12-15), 2109-2124. 

 

72. Gustavsson, L. and Madlener, R. (2003). CO2 Mitigation Costs of Large-Scale 

Bioenergy Technologies in Competitive Electricity Markets. Energy. 28(14), 

1405-1425. 

 

73. Berndes, G., Azar, C., Ka-berger T., and Abrahamson, D. (2001). The 

Feasibility of Large-Scale Lignocelluloses-Based Bioenergy Production. 

Biomass and Bioenergy. 20(5), 371-383. 

http://www1.eere.energy.gov/biomass/pdfs/pyrolysis_upgrading.pd


73 
 

 

74. Wilaipon, P., Chun,  C. F., and Nayar, C. (2002). A Study on the Potential of 

Corn Cob Engine-Generator for Electricity Generation in Thailand. 

Proceedings of TENCON 2002 IEEE Region 10 Conference on Computers, 

Communications, Control and Power Engineering. 28-31 October. Beijing, 

China: IEEE, 1958-1961. 

 

75. Kutlar, O.A., Arslan, H., and Carlik, A.T. (2005). Methods to Improve 

Efficiency for Four Stroke, Spark Ignition Engine at Part Load. Energy 

Conversion and Management. 46(20), 3202-3220. 

 

76. Dupleac, R. (2001). Experimental Database for a Cogeneration Gas Engine 

Efficiency Production. Proceedings of the Institution of Mechanical Engineers, 

Part A: Journal of Power and Energy. 215(1), 55-62. 

 

77. McDonald, C.F. and Rodgers, C. (2008). Small Recuperated Ceramic 

Microturbine Demonstrator Concept. Applied Thermal Engineering. 28(1), 60-

74. 

78. Sims, R.E.H. (2002). The Brilliance of Bioenergy. In Business and In Practice 

(pp. 300-316). London: James and James. 

  

79. Gallagher, G.J. (2002). Development of Small-Scale Biomass CHP System, 

Report ETSU B/UI/00678/REP. 2002, Sustainable Energy Ltd. 

 

80. Lin, J.C.M. (2007). Combination of a Biomass Fired Updraft Gasifier and 

Stirling Engine for Power Production. Journal of Energy Resources 

Technology, Transactions of the ASME. 129(1), 66-70. 

 

81. Chan, T.F. (1998). Performance Analysis of a Three-phase Induction 

Generator Connected to a Single Phase Power System. IEEE Transactions on 

Energy Conversion. 13(3), 205-211. 

 

82. Rabou, L.P.L.M. (2007). Micro Gas Turbine Operation with Biomass 

Producer Gas. Proceedings of the 15
th

 European Biomass Conference & 

Exhibition. 7-11 May. Berlin, Germany: ETA Renewable Energies, 935-937. 

 



74 
 

83. Ramanathan, V., Crutzen, P.J., Kich, J.T., and Rosenfeld, D. (2001).  

Aerosols, Climate and the Hydrological Cycle. Science. 294(5549), 2119-

2124. 

 

84. Ciria M.P., Solano, M.L., and Soriano, P. (2005). Role of Macrophyte Typha 

Latifolia in a Constructed Wetland for Wastewater Treatment and Assessment 

of its Potential as a Biomass Fuel. Biosystem Engineering. 92(4), 544-553. 

 

85. Bossel, U. (2003). Well-to-wheel studies, heating values, and the energy 

conversion principle. European Fuel Cell Forum. 29 October. Switzerland: 1-

5. 

 

86. Lau, T. K., Phang, Y. N., and Zainudin, A. (2009). Statistics. (1
st
 ed.). 

Malaysia. Oxford Fajar Sdn. Bhd. 

 

87. CGPL. Combustion, gasification and propulsion laboratory, Indian Institute of 

Science, Bangalore 560 012, India; 2011. http://cgpl.iisc.ernet.in. 

 

88. Federal Ministry of Environment (FME). Renewable Energy and Pollution 

Control Department. Survey and Statistics Division, 2010. National HQ, 

Greenhouse, Abuja-Nigeria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://cgpl.iisc.ernet.in/

	MohammedYekiniMFKE2013ABS
	MohammedYekiniMFKE2013TOC
	MohammedYekiniMFKE2013CHAP1
	MohammedYekiniMFKE2013REF



