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ABSTRACT 

A comparative analysis of renewable energy sources for power generation in 
Nigeria is presented. The three renewable energy resources of solar radiation, wind 
energy and hydro power were investigated for six locations (Northwest, 
Northeasth, North-central, Southwest, Southeast and South-south) representing the 
six geo-political zones of Nigeria. The Hargreaves and Samani model was used to 
investigate the solar energy potential of the study locations of Sokoto, Maiduguri, 
Makurdi, Ibadan, Awka and Portharcourt using maximum and minimum 
temperature data at these locations over a period of ten years (2001 to 2010). The 
wind speed characteristics and wind energy potential of the six selected locations 
were investigated using the Weibull probability distribution model. The hydro 
power potentials of Otamiri River and Imo River were investigated using energy 
flow equation. The results of the solar energy resource analysis shows that the 
mean value of global solar radiation at Sokoto, Maiduguri and Makurdi are (18.55 
± 0.54) MJm-2day-1, (19.83 ± 0.60) MJm-2day-1 and (17.80 ± 0.30) MJm-2day-1 
respectively over this ten years period. Ibadan, Awka and Portharcourt revealed 
mean values of global solar radiation of (16.68 ± 0.36) MJm-2day-1, (17.40 ± 0.28) 
MJm-2day-1 and (17.46 ± 0.19) MJm-2day-1 respectively. The mean value of global 
solar radiation in the Northern region of Nigeria is (18.73 ± 0.32) MJm-2day-1 while 
that of the Southern region is (17.18 ± 0.18) MJm-2day-1. The result of the wind 
resource analysis shows that: the annual mean wind speed at Sokoto, Bauchi, and 
Lokoja are 4.33, 4.37 and 4.52m/s respectively while that of  Abeokuta, Owerri 
and Portharcourt are 2.76,3.35 and 3.27m/s respectively. The annual mean power 
density for Sokoto, Bauchi and Lokoja are 49.14, 59.56 and 69.94Wm-2 while that 
of Abeokuta, Owerri and Portharcourt are 14.22, 25.77 and 23.67Wm-2 
respectively. The results of the analysis on the hydropower resource potential for 
Otamiri River at Nekede station is 1.68MW while that of Imo River at Umuna 
Okigwe station is 2.02MW. The annual energy output for Otamiri River and Imo 
River at their respective study stations are 13.46GWh and 18.65GWh respectively. 
Of the three renewable energy resources analysed in this study, solar energy 
provides the best option for “green” power generation in Nigeria due to the fact 
that a relatively high energy density can be obtained from it.    

Keywords: Renewable Energy; Sustainable Energy; Comparative analysis; Solar 
Energy; Wind Energy; Hydro Energy; Power generation. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY   

Renewable energy sources also called non -conventional energy sources are 

sources that are continuously replenished by natural processes (IEA, 2006). 

Examples of renewable energy sources include: solar energy, wind energy, 

biomass energy, hydro energy, geothermal energy, wave and tidal energy.  

A renewable energy conversion system converts the energy found in sunlight, 

wind, falling-water, sea-waves, geothermal heat and biomass into a form, we can 

use as heat or electricity. Renewable energy sources are “renewable” in the context 

of being replenished by mother earth and are eco-friendly and blend with the cycle 

of the earth. However, most of the world’s energy sources are derived from 

conventional sources, such as coal, oil and natural gases. These energy sources are 

often termed non-renewable energy sources. Although, the available quantity of 

these fuels are extremely large, they are nevertheless finite and so will in principle 

run out at some time in the future. Renewable sources are essentially flow of 

energy, whereas the fossil and nuclear fuels are in essence stocks of energy. 

Renewable energy technologies (RETs), therefore may play a significant role in 

sustainable development and poverty eradication in developing countries, where 

access to basic and clean energy services is essential for provision of major 

benefits in the area of health, literacy and equity. Simply put, the developing world 

needs more access to energy while at the same time, the world as a whole needs to 
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rely on less polluting form of energy if the millennium development goals (MDGs) 

are to be met. The UN commission on sustainable development has termed “access 

to renewable energy” a requisite step to take for halving the proportion of people 

living on less than US$1 per day by 2015; a problem which is evident among the 

people in Africa (CanREA, 2006). Economic growth and quality of life depend 

critically on reliable, sustainable and affordable energy. It drives industrial 

production, agricultural production and information economy and access to it is 

also vital to lifting people out of poverty. Renewable energy is very strategic in 

meeting up with the above objective according to Shell’s responsible energy, 

sustainable report (2008, p5).  

In 2008, about 19% of global final energy consumption came from renewable, with 

13% coming from traditional biomass, which is mainly used for heating, 

transportation etc, and 3.2% from hydroelectricity source. New renewable (small 

hydro, modern biomass, wind, solar, geothermal and biofuels) accounted for 

another 2.7% and are growing very rapidly. The share of renewables in electricity 

generation is around 18%, with 15% of global electricity coming from hydro 

energy and 3% from new renewable energy (World energy outlook, 2010). 

While many renewable energy projects are large-scale, renewable energy 

technologies are also suited to rural and remote areas, where energy is often crucial 

in human development. Globally an estimated 3 million households get power 

from small solar photovoltaic (PV) systems. Micro-hydro systems configured into 

village- scale or country –scale mini-grids serve many areas (UNDP, 2007). 

Climate change concerns, coupled with high oil prices and increasing governments 

support are driving increasing renewable energy legislation, incentives and 

commercialization (UNDP, 2007). 
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Renewable energy replaces conventional fuels in four distinct areas: power 

generation, hot water/space heating and cooling, transport fuels and rural (off-grid) 

energy services: 

 Power generation-Renewable energy provides 18% of total electricity 

generation worldwide (UNDP, 2007). Renewable power generators are 

spread across many countries and wind power alone already provides a 

significant share of electricity in some areas: for example, 14% in the U.S 

state of lowa, 40% in the northern German sate of Schleswig-Holstein and 

20% in Denmark. Some countries get most of their power from renewable 

energy sources. These countries include Iceland and Paraguay (100%), 

Norway (98%), Brazil (86%) Austria (62%), Newzealand (65%) and 

Sweden (54%) and Nigeria (27.1%) (World energy outlook, 2010). 

 Heating and cooling: Solar water heating makes an important contribution 

in many countries, most notably in China, which now has 70% of the global 

total (180 GWH). Most of these systems are installed on multi-family 

apartment building, and meet a portion of the hot water needs of an 

estimated 50-60 million households in china. Worldwide, there is in 

existence total installed solar water heating needs of over 70 million 

households (World energy outlook, 2010). The use of biomass for heating 

continues to grow as well. In Sweden, national use of biomass energy has 

surpassed that of oil. Direct geothermal for heating is also growing rapidly. 

Solar cooling technologies for example solid adsorption refrigeration 

technology  provides a means for production of ice and cold storage to 

support agricultural practices which yield fresh food supplies throughout the 

year and retain the harvest time nutritional qualities. Solar heating 

technologies have been the most commonly employed as a means of 
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extending the vaccine cold chain to rural areas without conventional energy 

supplies (Anyanwu, 1996). 

 Transport fuels: Renewable biofuels have contributed to a significant 

decline in oil consumption in the U.S since 2006. The 93 billion liters of 

biofuels produced the equivalent of an estimated 68 billion litters of 

gasoline, equal to about 5% of world gasoline production (World energy 

outlook,2010) 

Scientists have advanced a plan to power 100% of the world’s energy with wind, 

hydroelectric and solar power by the years 2030, recommending renewable energy 

subsidies and a price on carbon, reflecting its cost for food and related expenses. 

All forms of energy are expensive, but as time progresses; renewable energy 

generally gets cheaper, while as fossil fuels get leaner, its production cost 

increases.  The former U.S vice president Al Gore has explained that renewable 

energy technologies are declining in price for three main reasons: First, once 

renewable infrastructure is built, the fuel is free forever. Unlike carbon-based fuels, 

the wind and the sun and the earth itself provide fuel that is free, in amounts that 

are effectively limitless. Second, while fossil fuel technologies are more mature, 

renewable energy technologies are being rapidly improved. So innovation and 

ingenuity give us the ability to constantly increase the efficiency of renewable 

energy and continually reduce its cost. Third, once the world makes a clear 

commitment to shifting towards renewable energy, the volume of production will 

itself sharply reduce the cost of each windmill and each solar panel, while adding  

more incentives for additional research and  development to further speed up the 

innovation process (Al Gore,  2009). 

Most developing countries (eg Nigeria) have abundant renewable energy resources 

including solar energy, wind power, hydro power, biomass, as well as the ability to 
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manufacture the relatively labour intensive systems that harness these. By 

developing such energy sources, developing countries can reduce their dependence 

on oil and natural gas, creating energy portfolios that are less vulnerable to price 

fluctuations. 

 In many circumstances, these investments can be less expensive than fossil fuel 

energy systems. Besides, they help to face the climate change urgency. 

Renewable energy is particularly important in rural and remote areas where 

transmission and distribution of energy generated from fossil fuels can be difficult 

and expensive. Harnessing renewable energy locally can offer a viable alternative. 

Many recent trends reflect the importance of developing countries in advancing 

renewable energy. Collectively, developing countries have more than half of global 

renewable power capacity (EIA, 2011). China and India are rapidly expanding 

markets for renewable energy. Brazil produces most of the world’s sugar-derived 

ethanol and has been adding new biomass and wind power plants to their sources 

of power generation. Many renewable energy markets are growing at rapid rates in 

countries such as Argentina, Egypt, Indonesia, Kenya, Tanzanian, Tunisia etc. 

Nigeria, with its potential for renewable energy cannot afford to be left behind. 

Renewable energy projects in many developing countries have demonstrated that 

renewable energy can directly contribute to poverty alleviation by providing the 

energy needed for creating business and employment.  

Renewable energy technologies can also make indirect contributions to alleviating 

poverty by providing energy for cooking, space heating and lighting. Renewable 

energy can also contribute to education, by providing electricity to schools. 

Recently University of Calabar (UNICAL) plans to generate electricity using the 

Qua River behind the school. The electricity to be generated by this small hydro 
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will be used to power the school, the neighboring Cross river state university of 

technology and the adjourning communities. Feasibility studies on this project 

have reached an advanced stage. Similarly, the Nwaorie River which flows through 

federal university of technology (FUTO) has great potential for the deployment of 

a small hydroelectricity that can supply the electricity need of FUTO and its 

neighboring communities. 

Furthermore, renewable energy can also provide power required to refrigerate 

medicine and sterilize medical equipment in rural area where access to electricity 

is difficult. Renewable energy can also provide power for ground water pumping in 

rural areas.  

 

1.2 STATEMENT OF PROBLEM 

Energy is a very important input in the process of economic development of all 

nations. Nigeria is well endowed with both renewable and non-renewable energy 

sources which include fossil fuels, solar, wind, hydro, biomass and tidal energies. 

The renewable energy sources are largely unexplored. Nigeria is a tropical country 

with vast arable agricultural land, numerous rivers that cut-across its territory, with 

adequate sunlight all year round and fairly good wind supply. The country is also 

bounded in the south by Atlantic Ocean with strong tidal waves. Nigeria, no doubt 

has great potential for the deployment of renewable energy technologies. For 

Nigeria to catch-up with the developed world by the year 2020 as proposed by the 

millennium development goals (MDG) of the Federal government, there is great 

need for the country to take advantage of its vast renewable energy resources to 

grow its economy.  
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Renewable energy sources represent new energy in Nigeria because they are 

largely unexplored. The potential for wind energy and solar energy is in the region 

of 10,000MW (ECN, 2009). Small hydro power systems have vast potential in the 

renewable energy mix of Nigeria. The question that comes to mind is despite the 

abundance of natural resources available to support the expansion of renewable 

energy technology in Nigeria (which will in turn help to alleviate poverty by 

creating employment and generating income opportunities for better health and 

living conditions, especially to the rural population), why has Nigeria not 

accelerated growth, development and investment in RE despite the huge potential 

base for RE resources. The answer to the above question was proffered by (GEF, 

2005) which established that indeed no cogent and reliable statistical information 

regarding the benefits, economic potentials and viability of renewable energy 

markets in Nigeria exist. This challenge has therefore hampered the growth of 

renewable energy project development as this has generated an increase in risk 

perception among investors, Non Governmental organizations (NGOs) and 

stakeholders. Consequently, it is therefore critically necessary to build an 

information pool where benefits and economic statistics of potential renewable 

energy projects will be made available to intending investors for the purpose of 

assisting them make a good investment decision (GEF, 2005). Additionally this 

identifies with part of 18-point agenda recommended by the Energy Commission 

of Nigeria (ECN) to urgently as a matter of priority, prepare a standard and codes 

of practices, maintenance manuals, life cycle and cost analysis for renewable 

energy technologies in rural community development in Nigeria (Ishmael, 2003). 

Therefore as part of an effort to aid development in rural community areas through 

renewable energy resources, it is pertinent that research on a comparative analysis 

of renewable energy sources for power generation in Nigeria be carried out. The 
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resultant output of the research will be made available to intending investors and 

stakeholders who wish to invest in the energy driven market in Nigeria.  

 

 

1.3 RESEARCH OBJECTIVES 

The main objective of this research work is to carry out a comparative analysis of 

Renewable energy sources for power generation in Nigeria.     

The specific objectives are: 

(i)  To estimate the solar energy resource potential for power generation in 
some locations in Nigeria. 

(ii) To investigate the wind energy resource potential for power generation in 
some locations in Nigeria. 

(iii) To investigate the hydro energy resource potential of some rivers in 
Nigeria for power generation. 

 

 1.4 JUSTIFICATION OF STUDY 

Energy has been and will still be the main stay of an economy. It is one of the most 

important factors of National development. Nigeria’s energy supply for power 

generation is largely from gas fired thermal power stations. These thermal power 

stations have been bedeviled by lack of adequate supplies of natural gas from the 

various Niger- Delta gas wells, thereby making continuous energy production from 

these installations difficult ( Iwayemi, 2008). Often times the distant gas pipelines 

conveying gas to these thermal power stations are sabotaged by militants thereby 

creating frequent power outages. This has left Nigerians at the mercy of private 

alternative power generation through the use of diesel and petrol generators. The 
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emissions from these generating sets have also been subjects of critical global 

discussions because they release a lot of greenhouse gases to the atmosphere 

(Ajayi et al, 2008). As at 2001, about 25% of the 774 local government areas of 

Nigeria were not connected to the national grid; a national projection based on 

13% Gross Domestic Product growth rate revealed that energy demand will 

increase from 5746 MW in 2005 to 297900 MW in 2030 while supply should 

increase from 6440 MW to above 300,000 MW within the same period of years. 

To accomplish this, requires an additional 11,686 MW every year to meet demand, 

costing for the period about US $484.62b (Sambo, 2008). However, current energy 

production within the country is less than 3000 MW due to fluctuations in the 

availability and poor maintenance of generating equipment. Thus, Nigeria still has 

a long way to go in achieving energy sufficiency. Furthermore, the present 

generation mix needs augmenting with the aim of maximizing sustainable energy 

production. The ever increasing demand and meager supply of energy has been a 

great challenge to development, with increasing population not balanced by 

adequate energy development programmes. The incessant power generation 

failures have also grossly affected the economy and slowed the growth of rural and 

sub-rural settlements. The present energy supply system is such that favours 

improving energy and electricity supplies to cities and industrial areas, while, 

majority of those in rural areas depend on burning wood and traditional biomass 

for energy needs, due to lack of grid connection and access to modern energy 

sources, thereby causing deforestation, greenhouse gases emission and 

environmental pollution in these areas (Kersten ,1998). The increasing population 

of the country when compared to the total capacity and production of available 

power stations has placed the nation in a situation of not being able to meet the 

energy need of the people (Ajayi and Ajanaku, 2009). 

 



27 
 

Moreover, one way of addressing this challenge is energy diversification to include 

renewable energy sources which are largely unexplored and have great potential to 

expand the energy generation mix of the country with significant cost savings and 

environmental benefits. These resources are cheap, easily accessible, naturally 

applicable and sustainable, enormously available, environmentally friendly, non-

depleting and non-toxic. Thus a research geared towards   renewable energy 

sources to ascertain their availability, potentials, benefits etc for power generation 

in Nigeria is justified.  

 

1.5   SCOPE OF STUDY 

The scope of this dissertation will be delineated to solar, wind and hydro energy 

technologies. The potential in energy terms of these three renewable energy 

sources will be investigated in six locations, each from the six geopolitical zones of 

Nigeria.  

 

 

 

 

 

 

 

 

 



28 
 

 

 

 

CHAPTER TWO 
LITERATURE REVIEW 

 
 

2.1 RENEWABLE ENERGY SOURCES 

Energy is needed in sufficient quantity to sustain the ever increasing demand in the 

domestic, commercial, agricultural and industrial sectors of the economy. The 

existing convectional energy sources in Nigeria such as oil and gas are not 

adequate to meet the increasing demand. Also these convectional energy sources 

produce greenhouse gases which pose serious risk to the environment. The 

convectional source of energy is finite and is depleting and may be exhausted at 

the end of the century or beginning of the next century. 

The energy sector is widely recognized as the heart and lungs of any programme 

for economic development. At the same time, energy at household level and in the 

rural areas is essential for everyday life. Renewable energy technologies can play a 

major role in both respects. The need for Nigerian scholars and policy makers to 

embark on aggressive process at renewable energy technology research and 

development and information dissemination cannot be over emphasized (The 

African Energy policy research network, 2011). The five renewable energy sources 

which the researcher view as have great potential in Nigeria are.  

(i) solar energy  
(ii) wind energy 
(iii) Hydro energy 
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(iv) Biomass energy 
(v) Tidal energy 

 

 

2.2 SOLAR ENERGY 

Solar energy is energy from the sun. Even though solar energy has been called a 

nonconventional (Renewable) energy sources, it has been the most convectional 

energy source for all living matter. All fossil fuels, winds, clouds, hydroelectric 

generators and tidal waves owe their energy directly or indirectly to solar radiation. 

Realizing the exhaustible hazards of nuclear energy, scientists and engineers began 

developing methods of using solar radiation faster and in a predictable manner for 

modern applications. These development involved collection, conversion, storage 

and controlled use as heat or electricity which can be used for most of the 

applications. 

 The sun is a vast nuclear power plant of the fusion variety which generates power 

in the form of radiant energy at a rate of 3.8x1023 KW (Therakera, 1973).  An 

extremely small fraction of this is intercepted by the earth, but even this small 

fraction amounts to the huge quantity of 1.8x1014KW. On the average, about 60% 

of this energy incident at the outer edge of the atmosphere reaches the surface. 

Solar energy has been harnessed by humans since ancient times using a range of 

over-evolving technologies. Solar energy technologies include solar heating, solar 

photovoltaic, solar thermal electricity and solar architecture, which can make 

considerable contribution to solving some of the most urgent problems the world 

now faces (IEA, 2011). 
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Solar technologies are broadly characterized as either passive or active solar 

depending on the way they capture, convert and distribute solar energy. Active 

solar techniques include the use of photovoltaic panels and solar thermal collectors 

to harness the energy. Passive solar techniques includes orienting a building to the 

sun, selecting materials with favorable thermal mass or light dispersing properties, 

and designing spaces that naturally circulate air. 

In 2011, the international energy agency said that the development of affordable, 

inexhaustible and clean solar energy technologies will have huge longer-term 

benefits. It will increase countries energy security through reliance on an 

indigenous, inexhaustible and mostly import-independent resource, enhance 

sustainability, reduce pollution, lower the costs of mitigating climate change and 

keep fossil fuels prices lower than otherwise. These advantages are global. Hence 

the additional cost of the incentives for early deployment should be considered 

learning investments; they must be wisely spent and need to be widely shared         

(IEA, 2011). 

 

2.2.1 Energy from the Sun 

The earth receives 174x1015 W of incoming solar radiation (insolation) at the upper 

atmosphere (Smil, 1991). Approximately 30% is reflected back to space while the 

rest is absorbed by clouds, oceans and land masses. 

The total energy absorbed by earth’s atmosphere, oceans and land masses is 

approximately 3,850,000 exajoules (EJ) per year (Smil, 2006).  In 2002, this was 

more energy in one hour than the world used in one year. Photosynthesis captures 

approximately 3,000EJ per year in biomass (FAO, 2008). The amount of solar 

energy reaching the surface of the planet is so vast that in one year it is about twice 
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as much as will ever be obtained from all of the earth’s non-renewable resources of 

coal, oil, natural gas and mined uranium combined, Energy Information 

Administration (2008). Solar energy can be harnessed at different level around the 

world, mostly depending on distance from the equator. 

2.2.2 Applications of Solar Technology 

Solar energy refers primarily to the use of solar radiation for practical ends. 

However, all renewable energies, other than geothermal and tidal, derive their 

energy form the sun. Solar technologies are broadly characterized as either passive 

or active depending on the way they capture, convert and distribute sunlight.  

Active solar techniques use photovoltaic panels, pumps and fans to convert 

sunlight into useful outputs. Passive solar techniques include selecting materials 

with favorable thermal properties, designing spaces that naturally circulate air and 

referencing the position of a building to the sun. Active Solar technologies increase 

the supply of energy and are considered supply side technologies, while passive 

solar technologies reduce the need for alternate resources and are generally 

considered demand side technologies (IEA, 2011). 

2.2.3 Solar Thermal Devices 

Solar thermal devices are solar energy technologies for conversion of solar 

radiation into heat using solar energy collectors. Efficiencies of solar collectors can 

be improved by using spectrally selective surfaces. A spectral selective surface has 

maximum absorption for short wavelength solar radiation (0.3-2.5µm) and 

minimum emission radiation of long wavelength thermal radiation (3.0-30.0µm) 

(Ilenikhena et al, 2008). The heat produced could be employed in solar water 

heaters, solar cookers, solar dryers, solar stills, solar pasteurizers and solar chicken 

brooders devices (Nwoke et al, 2008). 
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2.2.3.1 Solar Water Heaters 

Various types of solar water heaters are available. A thermosyphon solar water 

heater was developed at the national center for energy research and development 

(NCERD), university of Nigeria, Nsukka. The system can produce hot water 

supply at temperature range of 70-80oc for use in hospitals, hostels, industries and 

homes. The Sokoto research center also developed solar water heating systems. A 

unit of this system is installed at the Uthman Dan Fodio University Teaching 

Hospital Sokoto ( Animalu and Adekola, 2002). Figure 2.1 shows a solar water 

heater. 

     

 Fig2.1 solar water heater 

Source: http://en.wikipedia.org/wiki/solar 

 

2.2.3.2 Solar Crop, Fish and Manure Dryer 
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Solar crop dryers are mechanized methods of using solar radiation to dry 

Agricultural crops that excludes the traditional method of open to sun or air drying. 

Different types of solar crop dryers produced by many agencies include solar dryer 

for grains such as maize, rice, beans, vegetable, pepper, melon and root crops. A 

large scale natural circulation 2-tonne capacity rice dryer was developed at the 

national center for energy research and development (NCERD), Nsukka and a 2-

tonne capacity forage dryer was constructed by the Sokoto energy research center 

(SERC), Sokoto. A natural circulation solar manure drying poultry waste, cow 

dung, pig droppings were developed at the Nsukka centre. Solar dryers for fish and 

meat are also available (Ileoje, 1997), (Okeke, 2002) and (Oparaku, 2007). 

The solar dryers are more efficient; enhance complete drying and longer storage 

compared to open-air drying (Eze, 2004). Anyanwu(1985) presents the design of 

an economically viable direct solar energy simulated natural convection crop dryer 

measuring 3.0m wide, 1.25m high and 7.0m long semi-cylinder shaped poly 

carbonate film glazed drying chamber with a solar drying technologies showed that 

it offers low cost and low energy consumption methods of drying crops in regions 

of abundant sunshine like Nigeria due to their inherent mechanical simplicity and 

thermal energy requirements.   

 

2.2.3.3 Solar Cookers  

Solar radiation is further harnessed for cooking food by concentrating them in solar 

cookers. Different models of solar cookers have been developed by various 

researchers including the national centre for energy research and development 

(NCERD), Nsukka and Sokoto energy research centre (SERC) Sokoto.  
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A common problem is that cooking is done outdoor during the day. They can be 

used with partially overcast skies and attain temperatures of 50-100oC (Ileoje, 

1997). Concentrating solar cookers with reflectors to focus light on cooking tray 

can attain temperatures up to 315oC (see fig 2.2). 

 

Fig 2.2 Box Type solar cooker 

Source: http://en.wikipedia.org/wiki/solar   

 

2.2.3.4 Solar Chicken Brooders 

Solar chicken brooders of various sizes have been developed by national centre for 

energy research and development (NCERD), Nsukka. The chicken brooders use 

solar radiation as source of heat in place of electricity bulbs, kerosene lamps or 

stoves to provide heat for freshly hatched chickens. The technology eliminates the 

emission of product gases that are hazardous in health both man and chicken. The 

system traps heat in a water-filled tank covered with glass and store for brooder 

space heating during the day and night at temperatures of 35-25oc. The design has 

provision for feeding and watering of chickens as well as collection and discharge 
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of chicken droppings. Solar egg incubators are also available (Ileoje, 1997), 

(Okeke, 2002) and (Oparaku, 2007). 

 

 

 2.2.4 Solar Power 

Solar power is the conversion of sunlight into electricity, either directly using 

photovoltaics (PV) or indirectly using concentrated solar power (CSP). CSP 

systems use lenses or mirrors and tracking systems to focus a large area of sunlight 

into a small beam. PV coverts light into electric current using the photoelectric 

effect. 

 

2.2.4.1 Concentrated Solar Power 

Concentrating solar power (CSP) systems use lenses or mirrors and tracking 

systems to focus a large area of sunlight into a small beam. The concentrated heat 

is then used as a heat source for conventional power plant. A wide range of 

concentrating technologies exists; the most developed are the parabolic trough, the 

concentrating linear Fresnel reflector, the stirling dish and the solar power tower. 

In all of these systems, a working fluid is heated by the concentrated sunlight, and 

is then used for power generation or energy storage (Martin and Goswami,2005). 

Commercial CSP plants were first developed in the 1980’s. Since 1985 the 

eventually 354 MW SEGS CPS installations in the Mojave Desert of California 

USA is the largest solar power plant in the world. Other large CSP plant include 
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the 150MW solnova solar power station and the 100MW Andasol solar power 

station both in Spain (see Fig 2.3) 

 

 

 

Fig 2.3: The 100MW Andasol CSP plant Spain. 

Source: http://en.wikipedia.org/wiki/solar   

 

2.2.4.2 Solar Photovoltaic (SPV)  

Photovoltaic is the technical term for solar electric. Photo means “light” and 

voltaic means “electric”. PV cells are usually made of silicon, an element that 

naturally releases electrons when exposed to light. Amount of electrons released 

from silicon cells depend upon intensity of light incident on it. The silicon is 

covered with a grid of metal that directs the electrons to flow in a path to create an 

electric current. This current is guided into a wire that is connected to a battery or 

DC appliance. Typically, one cell produces about 1.5 watts of power. Individual 

cells are connected together to form a solar panel or module, capable of producing 
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3 to 11 watts power. Panels can be connected together in series and parallel to 

make a solar array (see figure 2.4) which can produce any amount of wattage as 

space will allow. Modules are usually designed to supply electricity at 12 volts. PV 

modules are rated by their peak watt output at solar noon on a clear day. 

 

 

Fig 2.4: Solar photovoltaic array 

Source: http://en.wikipedia.org/wiki/solarpower. 

 

Some applications of PV systems are lighting for commercial building, outdoor 

(street) lighting, rural and village lighting etc. Solar electric power systems can 

offer independence from the utility grid and offer protection during extended 

power failures. Solar PV systems are found to be economical especially in the 

hilly and far flung areas where conventional grid power supply will be expensive 

to reach. PV tracking systems is an alternative to the fixed, stationary PV panels. 

PV Tracking systems are mounted and provided with tracking mechanisms to 

follow the sun as it moves through the sky. These tracking systems run entirely on 

their own power and can increase output 40%. 
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2.2.4.3 Solar Energy Potential of Nigeria 

Nigeria lies within latitude 40N to 140N of the Equator and longitude 30E to 150E 

of the Greenwich meridian (Microsoft Encarta, 2008). This goes to show that 

Nigeria lies within a high sunshine belt and within the country; solar radiation is 

fairly well distributed. 

Despite that Nigeria is a tropical country with attendant high sunshine, there is 

need to investigate the solar radiation potential of the country because there are 

other factors which may affect the solar radiation (insolation) of a region which 

includes: cloud cover, topography, dust, continentality etc. Solar radiation is the 

radiant energy that is emitted by the sun from a nuclear fusion reaction that creates 

electromagnetic energy. The design and deployment of a solar energy conversion 

system requires precise knowledge regarding the availability of global radiation at 

the location of interest. Now that there is the campaign for the popularization of 

solar energy for domestic and industrial uses, the need to know how to evaluate 

insolation levels for any site becomes paramount. When that is done, the 

introduction and sustainability of solar energy technology will be assured, Chineke 

(2002). Since the global solar radiation reaching the earth’s surface depends on the 

local meteorological conditions, a study of solar radiation under local climatic 

conditions is essential, Ahmad et al (2005). The sun emits energy at an extremely 

large and relatively constant rate, 24 hours per day, 365 days per year. If all of this 

energy could be converted to useable forms on earth, it could be more than enough 

to supply the world’s energy demand. However, this is not possible because of the 

following reasons, Duffie et al (1991). 

(i) The earth intercepts only a small fraction of the energy that leaves the 

sun. 
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(ii) The earth rotates such that a collection device on the earth’s surface is 

exposed to solar energy for only about half of each 24 hours period. 

(iii) Conditions of the atmosphere such as cloud and dust sometimes 

significantly reduce the amount of solar energy reaching the earth’s 

surface.                       

  Weather patterns and other atmospheric conditions which scatter incoming rays 

also affect the rate at which solar energy reaches the earth’s surface. The 

summation of amount of solar energy arriving at a unit area (1m2) during 1 hour is 

called solar radiation or insolation (KWh/m2). The amount of solar radiation at a 

particular location/region is an important parameter in the determination of how 

feasible or the potential of that location for the deployment of solar energy 

technology. 

 

2.3 WIND ENERGY 

The wind contains kinetic energy that is harvested by a rotor or wheel and 

transferred to a rotating shaft. Energy in the shaft is then used to directly pump 

water, drive an electric generator or produce heat. Therefore the energy in the wind 

is normally converted to mechanical, electrical or heat energy. Power is frequently 

used in describing the performance of wind machines and is a measure of the 

energy extracted during a specified period of time. The theoretical power in a wind 

stream is determined by: 

 𝑃 = 𝐷𝐴𝑉                                                               (2.1) 

Where P is the power in watts, D is the air density in Kgm-3, A is the cross-

sectional area in m2 and V is the wind speed in ms-1 .Actual power harvested by a 
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wind turbine is less than the theoretical because of power losses in the system. The 

efficiency or power coefficient Cp is determined by: 

𝐶 =
    

                                       (2.2) 

𝐶 =                                                                         (2.3) 

Wind power is not a new development as this power in the form of traditional 

windmills-for grinding corn, pumping water; sailing ships have been used for 

centuries. Now wind power is harnessed to generate electricity in a large scale with 

better technology. 

 

2.3.1 Wind energy technology 

The basic wind energy conversion device is the wind turbine. Although various 

designs and configuration exist, these turbines are generally grouped into two 

types: 

1) Vertical-axis wind turbines, in which the axis of rotation is vertical with 

respect to the ground (and roughly perpendicular   to the wind stream) 

2) Horizontal-axis turbines, in which the axis of rotation is horizontal with 

respect to the ground (and roughly parallel to the wind stream). Fig 2.6 

illustrates the two types of turbines and typical subsystems for an electricity 

generation application. The subsystems include a blade or rotor, which 

converts the energy in the wind to rotational shaft energy, a drive train, 

usually including a gearbox and a generator, a tower that supports the rotor 

and drive train and other equipment, including controls, electrical cables, 
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ground support equipment and interconnection equipment. Fig 2.5 shows a 

typical horizontal wind turbine. 

 

 

 

Fig 2.5 Horizontal axis wind turbine 
Source: http://en.wikipedia.org/wiki/windpower 
 

 

2.3.2 Wind Potential 

In order for a wind energy system to be feasible, there must be an adequate wind 

supply. A wind energy system usually requires an average annual wind speed of at 

least 15km/h. Table 2.1 represents a guideline of different wind speeds and their 

potential in producing electricity.  

Table 2.1: Wind Speed Classification 

Average wind speed Km/h (mph) Suitability 

up to 15 (9.5) Not Good 
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18 (11.25) Poor 

22 (13.75) Moderate 

25 (15.5) Good 

29(18) Excellent 

A wind generator will produce lesser power in summer than in winter at the same 

wind speed as air has lower density in summer than in winter. Similarly, a wind 

generator will produce lesser power in higher altitudes-as air pressure as well as 

density is lower-than at lower altitudes. The wind speed is the most important 

factor influencing the amount of energy a wind turbine can produce. Increasing 

wind velocity increases the amount of air passing the rotor, which increases the 

output of the wind system. 

In order for a wind system to be effective, a relatively consistent wind flow is 

required. Obstructions such as trees or hills can interfere with the wind supply to 

the rotors. To avoid this, rotors are placed on top of towers to take advantage of the 

strong winds available high above the ground. The towers are generally placed 

100metres away from the nearest obstacle. The middle of the rotor is placed 10 

meters above any obstacle that is within 100 meters. 

 

2.3.3 Wind farms 

A wind farm is a group of wind turbines in the same location used for production 

of electricity. A large wind farm may consist of several hundred individual wind 

turbines, and cover an extended area of hundreds of square miles, but the land 

between the turbines may be used for agricultural or other purposes. A wind farm 

may also be located offshore. Almost all large wind turbines have the same design-
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a horizontal axis wind turbine having an upwind rotor with three blades, attached 

to a nacelle on top of a tall tubular tower. In a wind farm, individual turbines are 

interconnected with a medium voltage (often 34.5KV) power collection system and 

communications network. At a substation, this medium-voltage electric current 

increased in voltage with a transformer for connection to the high voltage electric 

power transmission system. 

 

2.3.4 Wind turbine capacity factor 

Since wind speed is not constant, a wind farm’s annual energy production is never 

as much as the sum of the generator nameplate multiplied by the total hours in a 

year. The capacity factor (CF) is simply the ratio of wind turbine’s actual energy 

output over a period of time, to its potential output if it were possible for it to 

operate at full nameplate capacity continuously over the same period of time. 

Typical capacity factors are 20-40%, with the values at the upper end of the range 

in particularly favourable sites (gwec.net). It is important to select a site with good 

capacity factor, as economic viability of wind power projects is extremely sensitive 

to the capacity factor. In a 2008 study released by the U.S Department of energy’s 

office of energy efficiency and renewable energy, the capacity factor achieved by 

the US wind turbine fleet is shown to be increasing as the technology improves. 

The capacity factor achieved by new wind turbine in 2004 and 2005 reached 36% 

(wind powering America. gov). 

 
2.3.5 Small-scale wind power 

Small-scale wind power is the name given to wind generation systems with the 

capacity to produce up to 50kw of electrical power. Isolated communities that may 

otherwise rely on diesel generators may use wind turbines as an alternative. 



44 
 

Individuals may purchase these systems to reduce or eliminate their dependence on 

grid electricity for economic reasons, or to reduce their carbon footprint. Wind 

turbines have been used for household electricity generation in conjunction with 

battery storage over many decades in remote areas (Dodge et al, 2010). 

Grid-connected domestic wind turbines may use grid energy storage, this replacing 

purchased electricity with locally produced power when available. The surplus 

power produced by domestic micro generators can, in some cases, be fed into the 

network and sold to the utility company, producing a retail credit for the micro 

generators owners to offset their energy cost.  

Off-grid system user can either adapt to intermittent power or use batteries, 

photovoltaic or diesel systems to supplement the wind turbine. Equipment such as 

parking meters, traffic warning signs, street lighting or wireless internet gateways 

may be powered by a small wind turbine, possibly combined with a photovoltaic 

system that charges a small battery, replacing the need for a connection to the 

power grid (kart et al, 2009). A typical vertical and horizontal wind turbine which 

can be deployed as a small-scale power is shown in fig 2.6  

 

Fig2.6 Horizontal and Vertical axis wind turbine 
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Source: www.windprospect.com 

 

 

2.3.6 Environmental Impact of Wind Power                

Compared to the environmental impact of traditional energy sources, the 

environmental impact of wind power is relatively minor. Wind power consumes no 

fuel, and emits no air pollution unlike fossil fuel power sources. While a wind farm 

may cover a large area of land, uses such as agriculture are compatible; with only 

small area of turbine foundations and infrastructure made unavailable for use 

(British wind Energy Association, 2006). There are reports of birds and bat 

mortality at wind turbines as there are around other artificial structures. The scale 

of the ecological impact may or may not be significant, depending on specific 

circumstances. Prevention and mitigation of wildlife fatalities and protection of 

peat bogs affect the sitting and operation of wind turbines (Lindsay and Richard, 

2004). There are anecdotal reports of negative effects from noise on people who 

live very close to wind turbine. Peer-reviewed research has generally not supported 

these statements (David Colby et al, 2009). 

 

2.4 HYDRO ENERGY     

This is a type of renewable energy source derived from the force or energy of 

moving water, which may be harnessed for useful purpose like irrigation, 

electricity generation etc. The energy of the flowing river can be harnessed 

sustainably to generate clean energy in hydroelectric power plant. A hydroelectric 

power plant does not produce any direct waste and has a considerable low output 
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of greenhouse gas. Hydroelectricity is the term referring to electricity generated by 

hydropower, the production of electrical power through the use of the gravitational 

force of falling or flowing water. It is the most widely used form of renewable 

energy , accounting for 16 percent of global electricity consumption, and 3,427 

terawatt-hours electricity production in 2010, which continues the rapid rate of 

increase experienced between 2003 and2009 (World watch Institute,2012). 

Hydropower is produced in 150 countries, with the Asia-pacific region generating 

32 percent of global hydropower in 2010. China is the largest hydroelectricity 

producer, with 721 terawatt-hours of production in 2010, representing around 17 

percent of domestic electricity use. There are now three hydroelectricity plants 

larger than 10GW which includes the Three Gorges Dam in china, Itaipu Dam in 

Brazil and Guri Dam in Venezuela (World watch Institute, 2012). 

 

2.4.1 Historical review of hydropower  

Hydropower has been used since ancient times to grind flour and perform other 

tasks. In the mid-1770’s, French Engineer Bernard Forest de Bèlidor published 

Architecture Hydraulique which described vertical and horizontal-axis hydraulic 

machines. By the late 19th century, the electrical generator was developed and 

could now be coupled with hydraulics, (U.S Department of Energy). In 1878 the 

world’s first hydroelectric power scheme was developed at Cragside in 

Northumberland, England by William George Armstrong. It was used to power a 

single arc lamp in his art gallery (Industrial archaeology review, 1987). The old 

Schoekopf power station No1 near Niagara Falls in the U.S side began to produce 

electricity in 1881. The first Edison hydroelectric power plant, the Vulcan street 

plant, began operating September 30, 1882 in Appleton, Wisconsin, with an output 

of about 12.5 kilowatts (www.clara.net). By 1886 there were 45 hydroelectric 
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power plants in the U.S and Canada. By 1889 there were 200 in the U.S alone, 

(U.S Department of Energy). Hydroelectric power plants continued to become 

larger throughout the 20th century. Hydropower was referred to as white coal for its 

power and plenty (The Book of knowledge, 1945). Hoover Dam’s initial 1,345MW 

power plant was the world largest hydroelectric power plant in 1936; it was 

eclipsed by the 6,809MW Grand Coulee Dam in 1942 (U.S Bureau of 

Reclamation). The Itaipu Dam opened in 1984 in South America as the largest, 

producing 14,000MW but was surpassed in 2008 by the Three Gorges Dam in 

china at 22,500MW. Hydroelectricity would eventually supply some countries, 

including Norway, Democratic Republic of Congo, Paraguay and Brazil, with over 

85% of their electricity. The United States currently has over 2,000 

hydroelectricity power plants which supply 49% of its renewable electricity, 

(Water Encyclopedia- Hydroelectric power). 

 
 

2.4.2 Generation methods 
(1) Convectional hydroelectric dam  

Most hydroelectric power comes from the potential energy of dammed water 

driving a water turbine and generator. The power extracted from the water depends 

on the volume and on the difference in height between the source and the water 

outflow. This height difference is called the head. The amount of potential energy 

in water is proportional to the head. A large pipe (the penstock) delivers water to 

the turbine. Fig 2.7 shows a cross section of a conventional hydroelectric dam. 
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Figure 2.7: A conventional hydroelectric dam. 

Source: http://en.wikipedia.org/wiki/hydropower 

 

(2) Pumped storage 

This method produces electricity to supply high peak demands by moving water 

between reservoirs at different elevations. At times of low electrical demand, 

excess generation capacity is used to pump water into the higher reservoir. When 

there is higher demand, water is released back into the lower reservoir through a 

turbine. Pumped –storage scheme currently provide the most commercial and 

important means of large scale grid energy storage and improve the daily capacity 

factor of the generation system. 
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(3) Run-of-the-river 

This is a type of hydroelectric generation whereby a considerably smaller water 

storage called pondage is used to supply a power station. Run-of-the river power 

plant are classified as; with or without pondage. A plant without pondage has no 

storage and is therefore subjected to seasonal river flow and serves as a peaking 

power plant while a plant with pondage can regulate water flow and serve either as 

a peaking or base load power plant. 

Run-of-river hydroelectricity is ideal for streams or rivers with minimum dry 

weather flow or those regulated by a much larger dam and reservoir upstream. A 

dam, smaller than, used for traditional hydro is required to ensure there is enough 

water to enter the penstock pipe that lead to the lower elevation turbine. Run-of-

river projects are dramatically different in design and appearance from 

conventional hydroelectric project. Traditional hydro dams store enormous 

quantities of water in reservoir necessitating the flooding of large tracts of land. 

(4) Underground power station. 

An underground hydroelectric power station makes use of large natural height 

difference between two waterways, such as waterfall or mountain take. An 

underground tunnel is constructed to take water from the high reservoir to the 

generating hall build in an underground cavern near the lowest point of the water 

tunnel and a horizontal tailrace taken water away to the lower outlet waterway. 

Often underground power station form part of pumped storage electricity schemes. 

Their basic function is to level load. They use cheap or surplus off-peak power to 

pump water from a lower lake to an upper lake. Notable examples of underground 

power station in the world are: Chaira Hydropower plant, Bulgaria with a capacity 

of 864MW, Churchill fall power station Newfoundland and Labrador Canada with 

a capacity of 5,428MW from 11 turbines, Goldisthal pumped storage station in 
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Thuringia Germany, build between 1991-2004 with a generating capacity of 

1,060MW from 4 turbines. Robert-Bourassa generating station, Quebec Canada is 

the largest underground power station in the world with a capacity of 5, 616 MW 

from 16 turbines. 

 

2.4.3  Small Hydro Power Plant 

Small hydro is the development of hydroelectric power on a scale serving a small 

community or industrial plant. 

The definition of small hydro project varies but a generating capacity of up to 

10MW is generally accepted as the upper limit of what can be termed small hydro. 

This may be stretched up to 30 MW in the US and 50MW in Canada. Small hydro 

plants may be connected to conventional electrical distribution networks as a 

source of low cost renewable energy. It may also be built in isolated areas that 

would be uneconomical to serve from a network or in areas where there is no 

national electrical distribution network. Since small hydro projects usually have 

minimal reservoirs and civil construction work, they are seen as having a 

relatively low environmental impact compared to large hydro. 

Small hydro can be further subdivided into mini hydro, micro hydro and Pico 

hydro.  

Mini hydro is a term used to defined hydro power plants less than 1,000KW while 

micro hydro usually refers to those less than 100KW. Pico hydro refers to 

hydroelectric power generation of under 5KW (Tve. org) 

 
2.4.4 Theory of Hydro Power Generation  

A hydropower resource can be measured according to the amount of available 

power or energy per unit time. In large reservoir, the available power is generally 
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only a function of the hydraulic head and rate of fluid flow. In a reservoir, the 

head is the height of water in the reservoir relative to its height after discharge. 

Each unit of water can do an amount of work equal to its weight times the head. 

The amount of energy E released when an object of mass m drops in a height h in 

a gravitational field of strength g is given by:  

𝐸 = 𝑚𝑔ℎ                                                                            (2.4) 

The energy available to hydroelectric dams is the energy that can be liberated by 

lowering water in a controlled way. In these situations, the power is related to the 

mass flow rate: 

=   

Or 𝑃 = 𝜌∅𝑔ℎ                                                                        (2.5)   

Where P = power in Kilowatts  

   ρ = density of water (kgm-3) 

   h = height in meters 

   Φ = Flow rate in m3s-1 

   g = acceleration due to gravity (9.8.ms-2) 

A simple formular for appropriating electric power production at a hydroelectric 

plant is: 

 𝑃 = ℎ𝛷𝑔𝑘                                                                (2.6) 

Where k is a coefficient of efficiency ranging from 0 to 1. Efficiency is often 

higher with larger and more modern turbines ( Donal G. Finnk et al 1978). 
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2.4.5 Advantages of hydropower 

(1) Low power costs: The major advantage of hydroelectricity is elimination of 

the cost of fuel. The cost of operating a hydroelectric plant is nearly immune to 

increases in the cost of fossil fuel such as oil, natural gas or coal. The average cost 

of electricity from a hydro plant larger than 10 megawatts is 3 to 5 US cents per 

kilowatt-hour (World watch Institutes, 2012). Hydroelectric plants have long 

economic lives, with some plants still in service after 50-100 years. Operating 

labour cost is also usually low, as plants are automated and have few personnel on 

site during normal operation. Where a dam serves multiple purposes, a 

hydroelectric plant may be added with relatively low construction cost, providing a 

useful revenue stream to offset the costs of dam operation. It has been calculated 

that the sale of electricity from the Three Gorges Dam will cover the construction 

costs after 5 to 8 years of full generation (waterpowermagazinc.com). 

(2)  Suitability for industrial applications 

While many hydroelectric project supply public electric networks, some are 

created to serve specific industrial enterprises. Dedicated hydroelectric projects are 

often build to provide the substantial amount of electricity needed for aluminum 

electrolytic plants for example, New Zealand’s Manapouri station was constructed 

to supply electricity to the aluminum smelter at Tiwai point. 

(3) Reduced CO2 emission 

Since hydroelectric dams do not burn fossil fuels, they do not directly produce 

carbon dioxide. While some carbon dioxide is produced during manufacture and 

construction of the project, this is a tiny fraction of the operating emissions of 

equivalent fossil-fuel electricity generation. 
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2.5 BIOMASS ENERGY 

Biomass energy is a renewable energy source derived from the carbonaceous waste 

of various human and natural activities. It is derived from numerous sources 

including the by –product from the wood industry, agricultural crops, raw material 

from the forest, household waste etc. Biomass energy is derived from five distinct 

energy sources: garbage, wood waste, landfill gases and alcohol fuels.  Wood 

energy is derived both from direct use of harvested wood as fuel and from wood 

waste streams. Waste energy is the second largest source of biomass energy. The 

main contributors of waste energy are municipal solid waste (MSW), 

manufacturing waste and landfill gas. Biomass alcohol fuel or ethanol is derived 

primarily from sugar and corn. It can be used directly as a fuel or as an additive to 

gasoline. Biomass can be converted to other usable forms of energy like methane 

gas or transportation fuels like ethanol and biodiesel. Rotting garbage and 

agricultural and human waste release methane gas also called landfill gas or 

biogas. Crops like corn; sugar cane etc (called energy crops) can be fermented to 

produce the transportation fuel, ethanol. Biodiesel, another transportation fuel can 

be produced from left-over food products like vegetable oils and animals (U.S 

Energy information and administration, 2008). Biomass energy is being used for 

cooking, mechanical application pumping, power generation. Some of the devices 

that use biomass energy includes Biogas plant/gasifier/burner, gasifier engine 

pump sets, stirling engine pump sets, producer gas/biogas based engine generator 

sets.  

 
2.5.1  Biogas Plants  

Biogas is a clean and efficient fuel, generated from cow dung, human wastes, or 

any kind of biological materials derived through anaerobic fermentation process. 
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The biogas consist of 60% methane with rest mainly carbon dioxide. Biogas is a 

safe fuel for cooking and lighting. By–product is usable as high grade manure. A 

typical biogas plant has the following components. A digester in which the slurry 

(dung mixed with water) is fermented, an inlet tank–for mixing the feed and letting 

it into the digester, gas holder/dome in which the generated gas is collected, outlet 

tank to remove the spent slurry, distribution pipeline(s) to transport the gas into the 

kitchen and a manure pit where the spent slurry is stored (see fig 2.8). 

 

 

Fig 2.8:  Biogas plant. 

Source: paksc.org 

Using only local resources, namely cattle waste and other organic wastes, energy 

and manure are derived. Thus biogas plants are the cheap sources of energy in rural 

areas. 
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2.5.2 Biomass Gasifiers 

Biomass gasifiers convert the solid biomass (basically wood waste, agricultural 

residues etc) into a combustible gas mixture normally called producer gas. 

The conversion efficiency of gasification process is in the range of 60% - 70%.  

The producer gas consists mainly carbon-monoxide, hydrogen, nitrogen gas and 

methane, and has a lower calorific value (1000-1200kcal/ Nm3). The gas has been 

found suitable for combustion in internal combustion engines for the production of 

power. Biogas gas can be used in the following areas: 

Water pumping and Electricity generation: Using biomass gas, it is possible to 

operate a diesel engine on dual fuel mode- part diesel and part biogas.  Diesel 

substitution of the order of 75 to 80% can be obtained at nominal loads. The 

mechanical energy thus derived can be used either for energizing a water pump set 

for irrigation purpose or for coupling with an alternator for electrical power 

generation. 

Heat generation: A few of the devices, to which gasifier could be retrofitted are 

dryers –for drying tea, spices, kilns for baking tiles or potteries, furnaces for 

melting non-ferrous metals, boilers for process steam etc. 

 
2.5.3 Biofuels  

Biomass can be converted directly into liquid fuel called biofuels for our 

transportation needs (Cars, trucks, buses, airplanes and trains). The two common 

types of biofuels are ethanol and biodiesel. Ethanol is made by fermenting any 

biomass high in carbohydrates (Starches, sugars or cellulose) through a process 

similar to brewing beer.  
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Ethanol is mostly used as a fuel additive to cut down a vehicle’s carbon monoxide 

and other smog-causing emissions. Flexible –Fuel vehicles, which run on mixtures 

of gasoline and up to 85% ethanol, are now available. 

Biodiesel produced by plants such as rapeseed, sunflowers and soybeans, can be 

extracted and refined into fuel, which can be extracted and refined into fuel, which 

can be burned in diesel engines and buses. Biodiesel can also be made by 

combining alcohol with vegetable oil or recycled cooking grease. 

It can be used as an additive to reduce vehicle emissions or in its pure form as a 

renewable alternative fuel for diesel engines. 

 

2.6 TIDAL ENERGY 

Tidal energy is a form of energy that converts the energy of tides into electricity or 

other useful forms of power. 

Tide is the periodic rise and fall of water level of sea caused by the action of the 

sun and moon on water of the earth. The large scale up and down movement of sea 

water represents an unlimited source of energy. 

The differential head provided by the high tide and low tide of the sea can be 

utilized in operating a hydraulic turbine and the tidal energy can be converted into 

electrical energy by means of an attached generator (Rajput R.K. 2006) 

 
2.6.1 Forms of tidal power generation 

There are three forms of tidal power generation namely: tidal stream generator, 

tidal barrage generator and Dynamic power (Baker A.C, 1991). 
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(A) Tidal stream generator 

This is often referred to as tidal energy converter (TEC) and is a machine that 

extracts energy from moving masses of water in particular tides. Certain types of 

these machines function very much like underwater wind turbines and are thus 

often referred to as tidal turbines. 

Tidal stream generators are the cheapest and the least ecologically damaging 

among the three forms of tidal power generations. Tidal stream generators draw 

energy from water currents in much the same way as wind turbines draw energy 

from air currents. Tidal stream generator is a relatively new technology conceived 

during the oil crisis of 1970s and the potential for power generation by an 

individual tidal turbine can be greater than that of similarly rated wind energy 

turbine. The higher density of water relative to air means that a single generator 

can provide significant power at low tidal flow velocities compared with similar 

wind speed. 

Given that power varies with the density of the medium and the cube of velocity, it 

is simple to see that water speeds of nearly one –tenth of the speed of wind provide 

the same power for the same size of turbine systems.  

In practice, the application of tidal stream generator is limited to places where the 

tide moves at speeds at least 1m/s. 

(B)  Tidal barrage generator 

A tidal barrage is a dam-like structure used to capture the energy from mass of 

water moving in and out of a bay or river due to tidal forces. Instead of damming 

water on one side like a conventional dam, a tidal barrage first allows water to flow 

into the bay or river during high tide and releasing the water during low tide. This 

is done by measuring the tidal flow and controlling the sluice gate at key times of 
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the tidal cycle. Turbines are then placed at these sluices to capture the energy as 

the water flows in and out. Tidal barrages are among the oldest methods of tidal 

power generation with projects being developed as early as the 1960s such as the 

1.7 MW Kislaya Guba Tidal power stations, Russia. Tidal barrage power schemes 

have high capital cost and very low running cost. 

As a result, a tidal power scheme may not produce returns for many years and 

investors may be reluctant to participate in such projects. 

(C) Dynamic tidal (DTP) 

This is a new and untested method of tidal power generation. It would involve 

creating large dam-like structure extending from the coast straight to the ocean, 

with a perpendicular barrier at the far end forming a large T- shape. This long T-

dam would interfere with coast-parallel oscillating tidal waves which run along the 

coast of continental shelves containing powerful hydraulic currents (common in 

China, Korea and the Uk.). This concept was invented and patented in 1997 by 

Dutch coastal Engineers Kees Huslsbergen and Rob Steijn. 

A single dam can accommodate over 8GW (8000MW) of installed capacity. 

Dynamic tidal power doesn’t require a very high natural tidal range, so more sites 

are available and total availability of power is very high in countries with suitable 

conditions such as Korea, China and UK. 

No DTP dam has even been built although all of the technologies required to build 

a DTP dam are available. Various mathematical and physical models have been 

conducted to model and predict the head or water level differential over a dynamic 

tidal power plant.  

 

 



59 
 

2.6.2 Tidal Power Output 

Tidal energy converters can have varying modes of operation and therefore varying 

power output. 

The Kinetic energy from tidal stream systems can be expressed as 

 P = ½ CpρAV3                                             (2.10) 

Where Cp = the turbine power coefficient  

      P = Power generated in watts 

       = the density of seawater (1027kg/m3) 

      A = the sweep area of the turbine (m2) 

      V = the velocity of flow (m/s) 

The energy available from a tidal barrage is dependent on the volume of water. The 

potential energy contained in a volume of water is:  

     E = ½ Aρgh2                                                            (2.11) 

Where h =the vertical tidal range 

     A = the horizontal area of the large basin. 

   ρ = density or seawater 

   g = acceleration due to gravity. 
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2.6.3  Potential Sites 

Selection of location is critically for the tidal turbine. Tidal stream systems need to 

be located in areas with fast currents where natural flows are concentrated between 

obstructions, for example at the entrances to bays and rivers, around rocky points, 

headlands or between islands or other land masses.  

  

2.6.4 Current Status of Power Generation in Nigeria 

 Power generation in Nigeria is classified into three sub-sectors: 

a. Existing Federal Government owned power generation facilities, now 

privatized.  

b. Independent Power Projects (IPPS). 

c. National Integrated Power Projects (NIPPs)  

a. The federal government of Nigeria has completed the privatization process 

of its generation and distribution companies formerly under Power Holding 

Company of Nigeria (PHCN). The Federal Government therefore on 30th 

September, 2013 handed over its generation companies-Egbin, Geregu, 

Ugheli, Afam, Olorunsogo, Kainji and Shiroro to five private generation 

companies who acquired them. The distribution companies were also sold to 

eleven private distribution companies.  The entire power sector privatization 

exercise was carried out through a competitive bidding process by Bureau of 

Public Enterprise (BPE). 
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b. Independent Power Projects (IPPS): The IPPs are the non-FGN funded 

investment in Nigerian power generation industry. 

c. National Integrated Power Projects (NIPP). The NIPP is funded and own by 

the three tiers of government (Federal, States and LGAs). Most of these 

facilities have been completed and will soon be privatized by the Federal 

Government. 

The list of existing and planned future electric power generation infrastructure in 

Nigeria is shown in table 2.2  

Table 2.2: Existing and planned future electric power generation in Nigeria  

S/NO Power station Type Location  Installed 
capacity 
(MW) 

Status Additional 
Description  

1 AES Egbin Thermal (Simple 
cycle gas turbine) 

Egbin, Lagos 
state 

270 Operational IPP. Nine Gas 
turbines mounted 
on barges. 

2 Aba Power 
Station 

Thermal  
(simple cycle gas 
turbine) 

Aba, Abia 
State 

140 Operational  IPP. Own by 
Geometic power 
systems Ltd. 

3 Afam IV-V 
Power station 

Thermal 
(simple cycle gas 
turbine) 

Afam, River 
State 

726 Partially 
Operational 

FG owned. Now 
privatized. 

4 Afam vi           Thermal (combined 
cycle gas turbine) 

Afam, River 
State 

624 Operational  IPP.        Owned 
by Shell. 

5 Alaoji Power 
Station 

Thermal. 
(Combined cycle 
gas turbine ) 

Alaoji,Abia 
State 

1074 Partially 
operational. 
225MW 
available  

NIPP. 4x126MW 
GE Frame  9E 
gas turbine, 
2x285mm GE 
steam turbines  

6 Calabar 
Power 
Station 

Thermal.  (simple 
gas turbine) 

 561 Under 
construction 

NIPP. 
5x112.2MW GE 
Frame 9E gas 
turbines. 

7 Egbema 
Power 

Thermal   (simple 
cycle gas turbine ) 

Egbema,Imo 
State 

338 Under 
construction  

NIPP.  3x112.5 
GE Frame 9E 
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Station Gas turbine 
8 Egbin power 

station  
Thermal(Gas-fired 
steam turbine) 

Egbin, Lagos 
State 

1320 Partially 
operational. 
Available 
capacity at 
1,080MW 

FG owned but 
now privatized. 
Power output is 
600MW per day 
as at 19/01/04 
due to acute gas 
shortage. 
6x220MW Gas 
Turbine  

9 Geregu I 
Power 
Station 

Thermal      (simple 
cycle gas turbine) 

Geregu, 
Kogi state 

414 Available 
capacity less 
than half 
installed 
capacity. 

Formally owed 
by FG, now 
privatized. 
Plagued by 
inadequate gas 
supply . 

10 Ibom Power 
Station  

Thermal     (simple 
cycle gas turbine) 

IkotAbasi 
AkwaIbom 
state 

190 Available 
capacity is 
60MW 

IPP. Owned by 
AkwaIbom State 
Government 
Generating 
capacity 
constrained by 
existing 
transmission and 
distribution 
facility. 

11 Ihovbor 
Power 
Station  

Thermal(simple 
cycle gas turbine) 

Benin City 
Edo State 

450 Construction 
completed, 
awaiting 
commissionin
g  

NIPP 
4x112.5MW GE 
frame 9E gas 
turbine. To be 
privatized soon 

12 Okpai Power 
Station  

Thermal  (combine 
cycle Gas turbine) 

Okpai, Delta 
State 

480 Operational  IPP.  Owned by 
NAOC, NNPC 
and Conoco-
Phillips. 
2x165MW gas 
turbine and 
150MW 
condensate-type 
steam turbine. 

13 Olorunsogo 
Power 
Station 

Thermal     (simple 
gas turbine) 

Olorunsogo 
Ogun State 

336 Partially 
operational  

FG owned. Now 
privatized.  
8x42MW Gas 
turbine. Working 
below capacity 
due to gas supply 
issues. 

14 Olorunsogo 
II Power 
Station 

Thermal (combined 
cycle gas turbine) 

Olorunsogo 
Ogun State 

675 Partially 
operational  

NIPP. Working 
below capacity 
due to gas 
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shortage. To be 
privatized soon  

15 Omotosho I 
Power 
Station  

Thermal     (simple 
cycle gas turbine) 

Omotosho 
Ogun State 

336 Operational  FG owned but 
now privatized. 
8x42MW gas 
turbine. 

16 Omotosho II 
Power 
Station 

Thermal      (simple 
cycle gas turbine) 

Omotosho 
Ogun State 

450 Partially 
Operational  

NIPP. To be 
privatized soon. 
4x112.5MW gas 
turbine  

17 Omoku 
Power 
Station 

Thermal     (simple 
cycle gas turbine) 

Omoku, 
Rivers state 

150 Operational  IPP. Owned by 
Rivers state 
Government. 
6x25MW gas 
turbines   

18 Omoku II 
Power 
Station 

Thermal(simple 
cycle gas turbine) 

Omoku, 
Rivers State 

225 Under 
construction 

2x112.5MW GE 
frame 9E gas 
turbine  

19 Omotosho I 
Power 
Station 

Thermal     (simple 
cycle has turbine) 

Omotosho 
Ondo State 

336 Operational  FG owned. 
8x42MW gas 
turbine. 
Privatized  

20 Omotosho II 
Power 
Station 

Thermal     (simple 
cycle gas turbine) 

Omotosho 
Ondo State 

450 Partially 
operational. 
Currently 
generates 
375MW 

4x112.5MW gas 
turbine. NIPP. To 
be privatized 
soon 

21 Sapele Power 
Station 

Thermal(gas-fired 
steam turbine and 
simple cycle gas 
turbine) 

Sapele,  
Delta State 

1020 Partially 
operational. 
135MW 
available  

FG owned. Now 
privatized.  Plant 
has two phases: 
phase I: 
6x120MW gas- 
fired steam 
turbine. Phase II: 
4x75MW gas 
turbines. 

22 Sample II 
Power 
Station   

Thermal     (simple 
cycle gas turbine) 

Sapele, Delta 
State 

450 Operational  NIPP. To be 
privatized soon. 
4x112.5MW gas 
turbine 

23 Delta-Ughelli 
Power 
Station 

Thermal     (simple 
cycle gas turbine) 

Ughelli,Delta 
State 

900 Partially 
operational. 
360MW 
available 

Plant is built in 4 
phases: Phase I: 
decommissioned,  
Phase II: 
6x25MW gas 
turbines, Phase 
III: 6x25MW gas 
turbines. Phase 
IV: 6x100MW 
gas turbines. FG 
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owed, but now 
privatized.  

24 Geregu II 
Power 
Station 

Thermal     (simple 
cycle gas turbine) 

Geregu, 
Kogi State 

434 Operational NIPP. Soon to be 
privatized. 
3x146MW gas 
turbine 

25 Itobe Power 
plant 

Thermal 
(Coal)(circulating 
fluidized bed 
technology) 

Itobe,Kogi 
State 

1200 Planned The first phase 
consists of four 
150MW units 

26 Kainji Power 
Station  

Hydro (Renewable) Kainji,Niger 
State 

760 Operational  FG owned but 
now privatized 

27 Jebba Power 
Station 

Hydro (Renewable) Jebba, Niger 
State  

540 Operational  FG owned but 
now privatized  

28 Shiroro 
power statio 

Hydro  
(Renewable) 

Shiroro Niger 
State 

600 Operational FG owned but 
now privatized  

30 Zamfara 
Power 
Station 

Hydro  
(Renewable) 

Zamfara 100 Operational IPP, owned by 
Zamfara State 
Government. 

31 Katsina Wind 
Power 
Station 

Wind    
(Renewable) 

Rimi, Katsina 
State 

10 Under 
construction  

FG owned. 
37x275KW 

Source: Wikipedia, PHCN (2011), NDPHC (2013), NERC (2013) 

 

Table 2.3: Summary of electric power generation from energy sources in 

Nigeria 

Energy sources  Type Installed capacity (MW) 
Fossil fuel Coal  

Oil/Natural gas 
- 
12,775 

Renewable energy Hydro Power  
Solar Power 
Wind Power 
Biomass Power 
Marine power 

2,000 
- 
- 
- 
- 

Others Nuclear power - 
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A critical look at the tables above shows that Nigeria power generation plants are 

predominantly thermal (gas-fired) power plants. Thermal power plants contribute 

about 85% to the power generation mix of Nigeria with the remaining 15% 

contributed by renewable sources predominantly hydro. There is non-existing grid 

connected solar power plant, wind power plant and Biomass power plant despite 

the country’s great potential, in these sources. The only wind power plant in the 

country is the 10MW Katsina wind power station under construction. Though 

Nigeria is blessed with abundant gas deposit, inadequate gas infrastructure and gas 

pipeline vandalism have over the years hampered gas delivery to these gas-fired 

plants. For example, the multi year tariff order (MYTO) framework has during the 

review process projected a 2014 overall power generation capacity of 9061MW, 

but figures from the National Control Centre (NCC) Oshogbo shows that the 

market only has about 4,306MW gross capacity to share, meaning a huge 

4,755MW will be missed as a result of several reasons ranging from low gas 

supply, vandalism of gas pipeline and possibly energy loss from poor 

infrastructure. 

The Egbin power plant, reputed to be one of the largest in the country, has an 

installed capacity of 1,320MW, but hardly operates at average capacity of about 

550MW. The twin plant of Omotosho I and OMotosho II power stations, with 

combined capacity of about 600MW, has not been performing any better, with a 

combined generation capacity of less than 250MW. 

According to the National Control Centre Oshogbo, Nigeria’s electricity 

generation capacity average about 3,674MW in recent weeks and this will be 

shared by 50% of Nigeria’s 160 million population that are connected to the 

National grid.  
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According to NCC; Oshogbo, the country recorded the highest electricity 

generation of 4,517.6MW on 23rd December, 2012 but this has fallen below 

3,500MW in recent months as gas supply remains inadequate to fire the turbines. 

Though the generating stations are ready to add available capacity of over 

6,100MW to the National grid, gas supply can barely sustain 3,500MW. 

Though the challenge of gas shortage may by surmounted in the long run, 

government should make effort and be committed to joining the global trend of 

using clean Energy and harnessing solar, wind, hydro and biomass resources to 

address the power challenges in the country. 
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CHAPTER THREE 

                                       RESEARCH METHODOLOGY 

 
3.1 MATERIALS AND DESCRIPTION OF STUDY LOCATIONS 

The trends of meteorological data such as air temperature and wind speed were 

obtained from the Nigerian Meteorological Agency, Oshodi Lagos. 

The geographical coordinates of the meteorological stations where the air 

temperature data were obtained are given in table 3.1. The geographical 

coordinates of the meteorological stations where the wind speed data were 

captured at a height of 10m by a cup-generator anemometer are given in table 3.2. 

The locations are representatives of the six geopolitical zones of Nigeria which 

includes Northwest, Northeast, North-central, Southeast, Southwest and South-

south. The recorded temperature data and wind speed data were computed as the 

mean of temperature and wind speed for each month over a period of 10 years 

from 2001 to 2010. The temperature data was used to estimate the global solar 

radiation (H, MJm-2day-1) and the extraterrestrial radiation (H0, MJm-2day-1) for the 

locations using Hargreaves and Samani (1982) model. Global solar radiation is a 

measure of the yearly solar energy capture potential that determines the economic 

viability of deploying solar energy conversion system or solar power plants at the 

location (Chineke, 2007). 

The wind speed data was used to investigate the wind speed characteristics and 

wind energy potential at the locations using the Weibull probability density 

function. 
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Table 3.1: The geographical location of the selected location for temperature 

data 

State/Location Latitude(0N) Longitude(0E) Measurement period 

Sokoto (Sokoto) 13.05 5.23 2001 to 2010 

Borno (Maiduguri) 11.85 13.16 2001 to 2010 

Benue (Makurdi) 7.75 8.85 2001 to 2010 

Anambra (Awka) 6.30 7.08 2001 to 2010 

Oyo(Ibadan) 7.39 3.90 2001 to 2010 

Rivers(Portharcourt) 4.78 7.01 2001 to 2010 

 

Table 3.2: The geographical location of the selected location for wind speed 

data 

State/Location Latitude(0N) Longitude(0E) Measurement 

period 

Sokoto(Sokoto) 13.5 5.23 2001 to 2010 

Bauchi(Bauchi) 10.05 9.84 2001 to 2010 

Kogi(Lokoja) 7.80 6.74 2001 to 2010 

Imo(Owerri) 5.05 7.38 2001 to 2010 

Ogun(Abeokuta) 7.15 3.35 2001 to 2010 

Rivers(Portharcourt) 4.78 7.01 2001 to 2010 

 

Water discharge data from Otamiri River at Nekede station and water discharge 

data from Imo River at Umuna Okigwe station for a period of 4 years (1985 

to1988) were obtained from the hydrology unit of Anambra-Imo River Basin 

Development Authority, Owerri. These water discharge data were used to 
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investigate the hydro power potential at the locations of the two rivers for 

deployment of small hydro power plants. 

These approaches may be used in other locations in Nigeria where these 

meteorological data and water discharge data of rivers in Nigeria are available to 

ascertain the potential/viability of deployment of such Renewable energy 

technology. 

 
3.2 GLOBAL SOLAR RADIATION ESTIMATION 

When solar radiation data is unavailable, it is possible to get reasonably accurate 

radiation estimates using empirical relationship derived from measured 

meteorological variables such as air temperature, sunshine duration, rainfall, 

relative humidity etc. Those empirical models include Hargreaves and Samani 

model (1982), Annandal model (2002), Donatelli and Campbell model (1998).  In 

this study, Hargreaves and Samani (1982) model is used to estimate the global 

solar radiation of six selected locations which are representatives of each of the six 

geopolitical zones of Nigeria as shown in table 3.1 using the commonly measured 

meteorological data-maximum and minimum temperature data. The maximum and 

minimum thermometers were used for observing the maximum and minimum 

temperatures. Hargreaves and Samani model is widely used method due to the fact 

that it is based on empirical relations between solar radiations and commonly 

measured meteorological variables and is applicable to both urban and rural areas 

and also takes into consideration both interior regions and coastal regions. 

The Hargreaves and Samani (1982) equation for estimating global solar radiation 

(H, MJm-2day-1) is given by: 

𝐻 = 𝐻 𝐾(𝑇 − 𝑇 )                                                                (3.1) 
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Where K is an empirical coefficient. K=0.16 for interior regions and 0.17 for 

coastal regions. 

H0 is extraterrestrial radiation which is the radiation above the earth’s atmosphere. 

The extraterrestrial radiation H0 according to Duffie and Beckam (1991) is given 

by: 

𝐻  =  𝐼 𝑑 𝑊 𝑠𝑖𝑛𝜆𝑠𝑖𝑛𝛿 + 𝑐𝑜𝑠𝜆𝑐𝑜𝑠𝛿𝑠𝑖𝑛𝑊                      (3.2) 

Where the eccentricity correction factor of the earth’s orbit (dr) which takes care of 

the variation of earth-sun distance is estimated from eqn.3.3 

𝑑 = 1 + 0.033𝑐𝑜𝑠                                                                    (3.3) 

The hour angle (Ws) which is displacement of the sun east or west of the local 

meridian due to the rotation of the earth on its axis at 150 per hour is obtained from 

eqn.3.4. 

𝑊 = 𝑐𝑜𝑠 (−𝑡𝑎𝑛𝜆𝑡𝑎𝑛𝛿)                                                                     (3.4) 

The solar declination (δ) which is the angular position of the sun at solar noon (i.e 

when the sun is on the local meridian) with respect to the plane of the equator, 

north positive; -23.450 ≤ δ ≤ 23.450 is obtained from eqn.3.5  

𝛿 = 23.45𝑠𝑖𝑛 (284 + 𝑛)                                                                  (3.5) 

The solar constant (Isc) is the energy from the sun per unit time, received on a unit 

area of the surface perpendicular to the direction of propagation of radiation at 

mean earth-sun distance outside of the earth’s atmosphere. Measurements from 

rocket flights reported by Duncan et al (1982) gave a value of Isc as 1367W/m2 
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with an uncertainty of 1% and were adopted by The World Radiation center 

(WRC). 

The latitude (λ) is the angular location north or south of the equator, north positive, 

-900 ≤ λ ≤ 900 

n=Day number (starting January 1st) 

Tmax and Tmin=Mean daily maximum and minimum air temperature (0C). 

With the use of this temperature data, the global solar radiation (H,MJm-2day-1) and 

the extraterrestrial radiation (H0,MJm-2day-1) can be calculated for any given day of 

the year and latitude according to equations 3.1 and 3.2 respectively. The mean 

monthly maximum and minimum temperatures for a period of 10 years (2001 

to2010) was computed for the six locations in this study and are presented in figs. 

4.1and4.2  

To estimate the mean monthly solar radiation, Klein (1977) recommended the use 

of average days for months and values of n by months as shown in table 3.3. 
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Table 3.3: Recommended Average Days for months and values of n by 

months. Source: Klein (1977). 

 

 

The computed global solar radiation and extraterrestrial radiation for the various 

locations in this study is presented in chapter 4.  

 

 3.3 ESTIMATION OF WIND ENERGY POTENTIAL 

 Wind speed variation modeling is an important requirement in the estimation of 

wind energy potential for a given site. To achieve this task, the daily and monthly 

wind speed is modeled using the Weibull probability distribution function. 

Month n for ith Day of 
month  

For the Average Day of the month 

Date n, Day of year δ, Declination 

January I 17 17 -20.9 

February 31+i 16 47 -13.0 

March 59+i 16 75 -2.4 

April 90+i 15 105 9.4 

May 120+i 15 135 18.8 

June 151+i 11 162 23.1 

July 181+i 17 198 21.2 

August 212+i 16 228 13.5 

September 243+i 15 258 2.2 

October 273+i 15 288 -9.6 

November 304+i 14 318 -18.9 

December 334+i 10 344 -23.0 
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In this study, the Weibull probability distribution model was used to investigate the 

wind speed characteristics and wind energy potential of six selected locations in 

Nigeria (see table3.2) using the mean monthly wind speed of the locations, sourced 

from Nigerian meteorological Agency, Oshodi Lagos. According to Akdag et al 

(2009), the two parameter Weibull probability distribution function is the most 

appropriate, accepted and recommended distribution function for wind speed data 

analysis. This is because it gives a better fit for measured monthly probability 

density distributions than other statistical functions, Akpinar et al (2005). 

Furthermore, the Weibull parameters at known height can be used to estimate wind 

parameters at another height. In the Weibull distribution, the variation in wind 

velocity is characterized by two parameter functions: the probability density 

function and the cumulative distribution function. The probability density function, 

f(V), indicates  the probability of the wind at a given  velocity V, while the 

corresponding cumulative distribution function of the velocity V gives the 

probability that the wind velocity is equal to or lower than V, or within a given 

wind speed range. According to Mathew et al (2002), the Weibull probability 

density function is given as:           

𝑓(𝑉) = 𝑒𝑥𝑝 −                                                            (3.6) 

Where f (V) = the probability of observing wind speed V, k=dimensionless 

Weibull parameter called shape factor, c= the Weibull scale parameter (in meter 

per second). The scale factor is related to the mean wind speed through the shape 

factor, which determines the uniformity of the speed in a given site. The 

cumulative distribution F (V) is the integral of the probability density function, and 

is defined by the expression according to Akpinar et al (2005) as: 
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𝐹(𝑉) = 1 − 𝑒𝑥𝑝 −                                                                         (3.7) 

The monthly and annual values of Weibull parameters were calculated using 

standard deviation method. This method is useful where the mean wind and 

standard deviation are available. This approach according to Kwon (2010) gives 

better result than graphical method and has relatively simple expressions when 

compared with other methods. The shape and scale factors are computed from 

equations 3.8 and 3.9 according to Ouamni et at (2010) 

𝑘 =
.

                                                                                         (3.8) 

𝑐 =
Γ

                                                                                                   (3.9) 

Where σ is the standard deviation, Vm is the mean wind speed and Γ(x) is the 

gamma function, which is defined according to Dass (2000) as: 

Γ(𝑥) = ∫ 𝑡 𝑒
∞

𝑑𝑡                                                                               (3.10) 

In the alternative, scale factor can be determined from the relation given by 

Baloukis et al (2002): 

𝑐 =
.

. . .
                                                                                 (3.11) 

Equation 3.11 is used in this study to estimate the monthly and annual scale 

factors. 

In addition to the mean wind speed, the other two significant wind speeds for wind 

energy estimation are the most probable wind speed (VF) and the wind speed 

carrying maximum energy (VE). They are expressed respectively according to 

Bagiorgas et al (2007) as:  
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𝑉 = 𝑐                                                                                            (3.12) 

𝑉 = 𝑐                                                                                             (3.13) 

The most probable wind speed corresponds to the peak of the probability density 

function, while the wind speed carrying maximum energy can be used to estimate 

the wind turbine design or rated wind speed. 

Prior studies have shown that wind turbine system operates most efficiently at its 

rated wind speed and the wind speed carrying maximum energy should be as close 

as possible Mathew et al (2002). 

 
3.3.1 Wind Speed at Different Hub Height 

In most cases, the available wind data are measured at a height different from the 

wind turbine height.  It is noted that it is the wind speed height that is of interest for 

wind power application because for optimal performance of the wind machine, the 

wind speeds at hub height should be evaluated and used in the design of the wind 

machine. Therefore, the available wind speed is adjusted to the wind turbine hub 

height using the following power law expression, Akpinar (2005): 

=                                                                                                   (3.14) 

Where V is the wind speed at the hub height h, V0 is wind speed at the original 

height h0 and α is the surface roughness coefficient and is assumed to be 0.143 (or 

1/7) in most cases. The surface roughness coefficient α can be determined from the 

following expression, Ucar et al (2009): 

𝛼 =
. . ( )

.
                                                                                        (3.15) 
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Alternatively, the Weibull probability density function can be used to obtain the 

extrapolated values of wind speed at different heights. Since the boundary layer 

development and the effect of the ground are non-linear with respect to wind 

speed, the scale factor c and form factor k of the Weibull distribution will change 

as a function of height by the following expressions, Justus et al (1978). 

𝑐(ℎ) = 𝑐                                                                                          (3.16) 

𝑘(ℎ) =
.

.
                                                                                (3.17) 

Where c0 and k0 are the scale factor and shape parameter, respectively, at the 

measurement height h0. The exponent n is defined as: 

𝑛 =
. . ( )

.
                                                                                         (3.18) 

 
3.3.2 Mean Wind Power Density and Energy Density 

The mean wind power density can be estimated by using the following equation: 

𝑃 =
( )

=                                                                                                (3.19) 

Where P (V) = the wind power (watt). 

PD = the wind power density (watt per square meter). 

ρ = the air density at the location (assumed to be 1.225kg/m3 in this study). 

A = the swept area of the rotor blade (in square meter). 
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Both the mean wind and power density are generally used to classify the wind 

energy resources. For example the Pacific Northwest Laboratory (PNL) wind 

power classification scheme has the following classification, Illinca et al (2003): 

PD ≤ 100 (class1), 100 < PD ≤ 150 (class2), 150 < PD ≤ 200 (class3), 200 < PD ≤ 

250 (class4) 

However, the wind power density based on the Weibull probability density 

function can be calculated using the following equations by Celik (2004): 

𝑃 =
( )

=
Γ

                                                                                   (3.20) 

The mean energy density ED over a period of time, t is the product of the mean 

power density and the time t and is expressed as: 

𝐸 =
Γ

                                                                                             (3.21) 

The characteristic wind speed, mean power density and energy density were 

estimated using the foregoing equations for the study locations and are shown in 

chapter 4.  

 

3.4 ESTIMATION OF HYDRO ENERGY POTENTIAL. 

Small hydro power scheme is defined as any hydro power installation rated less 

than 10MW installed capacity, Odesanya (2005). 

There are many small rivers all over the country with potential sites fitting for 

small hydro power schemes, the progress of which will provide electricity to rural 

communities. However, the only problem often encountered in SHP development 

is how to determine the potential capacity of proposed site because the hydro 
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power potential is limited by the intermittent nature of rivers flow which has high 

water discharge during rainy season and very low discharges in dry season. 

Consequently, in hydro power projects site selection, water discharge and head are 

fundamental. So the proposed site having a good combination has to be 

investigated. While the head at site is constant, the available flow rates are highly 

variable. Therefore, the study of maximum flow is very important from the point of 

design or installed capacity; the average flow is important from the consideration 

of the energy output and minimum flows are required to predict dependable plant 

capacity. Since, the entire quantity available at a site (except flood flow) is utilized 

in power production, the study of water demand for hydro power amount to 

collection of stream flow data and their analysis. According to Nwachukwu (2005), 

the analysis relates to the preparation of flow-duration curves, which indicates the 

magnitude of discharge against the percentage of time the discharge is exceeded at 

a site. Therefore, stream flow is an important parameter in determining the 

maximum power derivable from any flowing river; hence the focus of this section 

of the work is to investigate the hydro power potential capacity of a stream for 

effective power generation using Otamiri River and Imo River as case study. 

Small hydro power scheme makes use of falling water in a stream, river or storage 

dam to generate electric power. The water falling through the storage and level of 

the turbines gains kinetic energy which then impacts to turbine blades of alternator. 

The power P available from a hydro scheme is given by, Weedy (1979): 

𝑃 = 𝜌𝑔𝑄𝐻(𝑤𝑎𝑡𝑡)                                                                                     (3.22) 

Where, Q is the flow rate (m3/s) of water through the turbine blades, ρ is the water 

density (1000kg/m3), g is the acceleration due to gravity (9.81m/s2) and H is the 

gross head (m). 
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Substituting, 

𝑃 = 9.81𝑄𝐻(𝐾𝑊)                                                                                      (3.23) 

Accordingly, to estimate the hydro-potential capacity of a site, it is important to 

know the variation of the discharge throughout the year and the available gross 

head. The gross head is the vertical height that the water falls through in generating 

electric power. The field measurements of gross head are usually carried out either 

by using any surveying techniques, namely surveyor’s staff and level, clinometers 

or Abbey level, Digital Theodolites with electronic digital level or surveying by 

global positioning system, Tamunotonye (2005). Having estimated the gross head 

available, it is necessary to allow for the losses that may arise due to pipe friction, 

bends and valves. The net head available to drive turbine is equal to the gross head 

minus the sum of all the losses. 

Therefore: 

𝐻 = 𝐻 − Σ𝐻                                                                                               (3.24) 

Where Hn is the net head, Hg is the gross head and ∑Hi is the summation of all the 

head losses.  

 

3.4.1 Stream Flow Data Collection and Analysis. 

The hydrological data required in SHP development are mainly stream flow and 

rainfall data. Stream flow fluctuates, and this fluctuation can be visualized when 

the flows are plotted against time. Understanding the pattern reveals when to 

measure low flow and average flow. Measurements of stream flow from a 

hydrological stream-gauging network are the main and best source of surface water 
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flow data, Gupta (1989). In designing a small hydro power scheme, mean monthly 

and annual flow records are often used. 

In Nigeria, stream flow measurements are carried out by government through the 

River Basin Development Authority, who established gauging stations on rivers 

within their catchment area and these flow data can be obtained from them. 

However, in the past twenty years, there have not been stream flow measurements 

due to lack of funding by Nigerian Government to the River Basin Development 

Authority who are responsible for this task. Therefore, flow data collections for 

most of the rivers have since stopped, resulting to inadequate data for analysis.  

In this study, monthly stream flow data (water discharge data) of Otamiri River at 

Nekede station from 1985 to 1988 and stream flow data of Imo River at Umuna 

Okigwe station from1985 to 1989 were used to investigate the hydro power 

potential of the two rivers. These data sourced from Anambra-Imo River Basin 

Development Authority is presented in tables C1 and C2 in Appendix C   

To ascertain how often flow of a given magnitude occurred during the period of 

record, a flow duration curve is prepared. In preparing the flow-duration curve, the 

water discharge data were grouped into classes (column1) and the frequency of 

water discharge evaluated (column2). The “greater than” cumulative frequency is 

prepared (column3) and the ratio of cumulative frequency to total frequency 

expressed in percentage (column4). See tables C3 and C4 in Appendix C. The 

discharge is plotted as ordinate against the percent of time that discharge is 

exceeded on the abscissa and this can be of daily, monthly or mean annual flows. 

The flow duration curves from long- term monthly stream flow records offer a 

convenient tool in plant design, Nwachukwu (2005). The flow duration curve is 

used to determine design flow, installed capacity, plant capacity factor and average 

discharge. From the flow duration curve, the design flow rate is Q40 which 
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correspond to 40% exceeded and the capacity point is Q15 corresponding to 15% 

exceeded, Nwachukwu (2005). The mean flow rate Qav according to Nwachukwu 

(2005) is given by:  

𝑄 = 0.025(𝑄 + 𝑄 ) + 0.05(𝑄 + 𝑄 ) + 0.075(𝑄 + 𝑄 )  +

0.1(𝑄 + 𝑄 + 𝑄 + 𝑄 + 𝑄 + 𝑄 )                                                 (3.25) 

Where, Qav = average discharge, Q5, Q10 etc= discharge corresponding to 5%, 10% 

exceeded etc. The real power equation is between P= 7QH and P=8.5QH when the 

efficiencies of the turbine, generator, head losses due to pipe friction, bends and 

valves are taking into consideration, Nwachukwu (2005). Where Q = design flow 

rate (m3/s) taken as Q40, H = available head (meters). The corresponding installed 

capacity which is based on maximum flow rate (Q15) according to Nwachukwu 

(2005) is given by: 

𝑃 = 7𝑄 𝐻(𝐾𝑤)                                                                                 (3.26) 

The power equation based on the design flow rate (Q40) is given by: 

𝑃 = 7𝑄 𝐻(𝐾𝑤)                                                                                  (3.27) 

The annual energy output E is given by: 

𝐸 = 7𝑄 𝐻(8760)(𝐾𝑤ℎ)                                                                            (3.28) 

The plant capacity factor (CF) is the ratio of the average power production to the 

installed capacity and this is practically taken as: 

𝐶𝐹 =                                                                                                          (3.29) 

According to the hydrological data from Anambra-Imo River Basin Development 

Authority, the average natural head of Otamiri River at Nekede station and Imo 
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River at Umuna Okigwe station are 0.89m and 1.2m respectively. With this 

information, the installed capacity (PInstall), the design power (PDesign), Annual 

energy output (E) and Capacity factor (CF) were evaluated for the two rivers in the 

study- Otamiri River and Imo River using equations 3.26, 3.27, 3.28 and 3.29 

respectively. The results are presented in table C5 in Appendix C.  
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                                                CHAPTER FOUR 
RESULTS AND DISCUSSION 

 
4.1 PRESENTATION OF RESULTS 

The monthly maximum and minimum temperatures for a period of 10 years (2001 

to 2010) from NIMET, Oshodi Lagos, Nigeria for the six locations in the study, 

shown in table 3.1 were statistically analyzed to get mean monthly maximum and 

minimum temperatures for this 10 years duration. The variation of maximum and 

minimum temperature with months of the year for the study locations in Northern 

Nigeria comprising Sokoto, Maiduguri and Makurdi is shown in fig.4.1 while 

fig.4.2 shows the variation of maximum and minimum temperatures with months 

of the year for the study locations in Southern Nigeria comprising of Ibadan, Awka 

and Portharcourt. This commonly measured meteorological variables-maximum 

and minimum temperatures were used to estimate the global solar radiation (H, 

MJm-2day-1) using Hargreaves and Samani model (see eqtn3.1). Equation 3.2 was 

used to evaluate the extraterrestrial radiation at the study locations. The global 

solar radiation of any location is a measure of the solar energy potential of that 

location as it is the amount of energy per unit area obtainable in a day in that 

location. Tables A1 through A6 show the global solar radiation and extraterrestrial 

radiation along with other parameters that was used in their evaluation for the six 

study locations (see the Appendix). A summary of the radiation values for the 

study locations as well as for the entire Northern Nigeria and Southern Nigeria is 

shown in table A7. Figures 4.3 and 4.4 show the plots of global solar radiation 

against the months of the year for the study locations. Figure 4.5 show the plot of 

global solar radiation against the months of the year for all locations combined 

while figures 4.6 and 4.7 shows the plots of extraterrestrial radiation against the 

months of the year for the locations in the study. 



84 
 

 The monthly mean wind speeds (m/s) at a height of 10m over a 10 years period 

(2001 to 2010) at the study locations are presented in table B1. The monthly 

variation of the mean wind speed characteristics (Vm, VF and VE), mean power 

density and mean energy density as well as the annual values of these parameters 

for the study locations comprising of Sokoto, Bauchi, Lokoja, Abeokuta, Owerri 

and Portharcourt at a height of 10m are presented in tables B2, B3, B4, B5, B6 and 

B7 respectively. The monthly variation of mean wind speed at the height of 10m 

over ten years for the study locations is shown in figures 4.8 and 4.9. The annual 

probability density distribution of wind speed obtained using the Weilbull 

distribution function for the study locations comprising of Sokoto, Bauchi and 

Lokoja is shown in fig. 4.10 and that of Abeokuta, Owerri and Portharcourt is 

shown in fig.4.11. The probability density function is used to illustrate the fraction 

of time for which given wind speed prevails at a location. The cumulative 

probability distributions of the wind speed for Sokoto, Bauchi and Lokoja is shown 

in fig.4.12 and that of Abeokuta, Owerri and Portharcourt is shown in fig.4.13. The 

cumulative distribution function can be used for estimating the time for which 

wind speed is within a certain speed interval. 

 The monthly water discharge (m3/s) of Otamiri River at Nekede station for a 

period of four years (1985 to 1988) and that of Imo River at Umuna Okigwe 

station for a period of five years (1985 to 1989) were presented in tables C1 and 

C2 respectively. The computed data for the preparation of flow-duration curves for 

the two rivers were shown in tables C3 and C4 while the flow-duration curves for 

Otamiri River and Imo River is shown in figures4.14 and 4.15 respectively. The 

computed flow characteristics and hydro power potentials of the two rivers are 

presented in table C5. 
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   Fig 4.1: Variation of Maximum and Minimum temperatures with months of the 

year, for Sokoto, Maiduguri and Makurdi. 

 

 

Fig 4.2: Variation of Maximum and Minimum temperatures with months of the 

year, for Ibadan, Awka and Portharcourt. 
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  Fig 4.3: Plot of global solar radiation against the months of the year for Sokoto, 

Maiduguri and Makurdi. 

 

 

Fig 4.4: Plot of global solar radiation against the months of the year for Ibadan, 

Awka and Portharcourt. 
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Fig 4.5: Plot of global solar radiation against the months of the year for all 
locations. 
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Fig4.6: Plot of extraterrestrial radiation against the months of the year for Sokoto, 

Maiduguri and Makurdi. 

 

 

Fig 4.7: Plot of extraterrestrial radiation against the months of the year for Ibadan, 
Awka and Portharcourt. 
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Fig 4.8: Monthly variation of mean wind speed for Sokoto, Bauchi and Lokoja 

 

 

Fig 4.9: Monthly variation of mean wind speed for Abeokuta, Owerri and 

Portharcourt. 
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Fig 4.10: Annual probability density distribution of wind speed for Sokoto, Bauchi 

and Lokoja. 

 

 

Fig 4.11: Annual probability density distribution of wind speed for Abeokuta, 

Owerri and Portharcourt. 
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Fig 4.12: Annual cumulative probability density distribution of wind speed for 

Sokoto, Bauchi and Lokoja. 

 

 

Fig 4.13: Annual cumulative probability density distribution of wind speed for 

Abeokuta, Owerri and Portharcourt. 
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Fig 4.14: Flow-duration curve for Otamiri River. 

 

 

Fig 4.15: Flow-duration curve for Imo River. 
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4.2 DISCUSSION OF RESULTS 

The discussion of results of the analysis of Renewable sources for power 

generation in Nigeria is presented in three sub-sessions namely solar, wind and 

hydro in which the research is delineated. The potential of solar and wind energy 

resources from each of the six geo-political zones of Nigeria are discussed based 

on the results of the analysis made. The result of the analysis of hydro power 

potential of Otamiri River and Imo River is also discussed. 

 

4.2.1 Solar Energy Resource Potential of Nigeria. 

The solar energy resource potential of a location can be assessed by the amount of 

global solar radiation (or the extraterrestrial solar radiation) on a horizontal surface 

as they give the solar energy capture potential that determines the economic 

viability of deploying solar energy conversion system at that location. 

 The values of the monthly mean extraterrestrial radiation on a horizontal surface 

calculated over a ten years period outside the earth’s atmosphere and the 

corresponding global solar radiation at Sokoto, Northwest Nigeria is presented in 

table A1.   Viewing the observations for the months comparatively, the highest 

extraterrestrial solar radiation value was recorded in the month of May with a value 

of (38.30 ± 0.92) MJm-2day-1 and the lowest value was obtained in the month of 

December with the value of (29.52 ± 0.92) MJm-2day-1. An observable trend was 

established between the months; there is a gradual rise in value of the 

extraterrestrial radiation from the month of January reaching a climax in the month 

of May and remains fairly steady up to the month of August before decreasing 

gradually to reach the minimum in December (See fig 4.6).The mean value of 

extraterrestrial radiation at Sokoto over this ten years period is (35.16 ± 0.92) 
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MJm-2day-1. The regions of continuous rise can be explained as a period of 

increased dryness of atmosphere from the effect of the departing cold weather 

which is characterized by haze, mist, fog and dust, all of which contributes to 

shade for solar radiation to deliver its full strength on the surface. By May, the 

effect of the increasing dryness has reached the maximum and correspondingly the 

effect of the setting in of raining season takes over. This is characterized by cool 

moisture laden wind from the coast. Such wind contains aerosol that subsequently 

creates envelop that reduces the effect of further incidence of extraterrestrial 

radiation which results in a fairly constant value of extraterrestrial solar radiation. 

The influence asserted by these climatic elements was observed by Exell (2000) as 

“solar radiation passing through the atmosphere to the ground surface is known to 

be depleted through scattering, reflection and absorption by the atmospheric 

constituents like air molecules, aerosols, water vapour, ozone and cloud”. The 

observed trend in fig 4.6 may further be explained by the movement of the 

overhead sun in the progress of the seasons. At the months of March, April and 

May, the sun is directly overhead and not hitting the surface at an angle, hence 

higher incidence of radiation are likely to be obtained. The values of the monthly 

mean global solar radiation over a ten years period for Sokoto is also presented in 

table A1. Comparing monthly global solar radiation for this location, it is seen that 

the highest global solar radiation values was recorded in the month of February 

with a value of (22.46 ± 0.54) MJm-2day-1 and the lowest value was obtained in the 

month of November with the value of (16.46 ± 0.54) MJm-2day-1. The mean value 

of global solar radiation at Sokoto over this ten years period is (18.55 ± 0.54) MJm-

2day-1. The plot of global solar radiation against the months of the year for Sokoto 

is shown in fig 4.3. Global solar radiation at this location is fairly high in the first 

quarter of the year from January to March. The value reduces slightly while being 

fairly steady in the second quarter and third quarter due to the prevailing raining 
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season with its attendant cool, moist and aerosol laden winds as the gradual 

developing clouds. The last quarter witnessed the lowest values of global solar 

radiation due to the cold winter season. 

 The value of extraterrestrial radiation and global solar radiation at Maiduguri 

location follow a similar trend with Sokoto location. The maximum value of 

extraterrestrial radiation is (38.26 ± 0.83) MJm-2day-1 and it occurs in the month of 

May and the minimum value is (30.16± 0.83) MJm-2day-1 and occurs in the month 

of December. The average value of the extraterrestrial radiation at this location 

over this ten years period is (35.39 ± 0.83) MJm-2day-1. The maximum value of 

global solar radiation at Maiduguri location is (24.45 ± 0.60) MJm-2day-1 and it 

occurs in the month of February and the minimum value is (16.66 ± 0.60) MJm-

2day-1 which occur in the month of June which is attributable to high prevalence of 

rain bearing wind and heavy cloud. The average value of global solar radiation is 

(19.83 ± 0.60) MJm-2day-1. 

 In the Makurdi study location, the maximum value of extraterrestrial radiation is 

(37.67 ± 0.52) MJm-2day-1 which occurs in the month of April and the minimum 

value is (32.19 ± 0.52) MJm-2day-1 which occur in the month of December. The 

average value of extraterrestrial radiation over the ten years period is (35.74 ± 

0.52) MJm-2day-1. The maximum value of global solar radiation is (19.80 ± 0.30) 

MJm-2day-1 which occur in the month of August and the minimum value is (16.00 

± 0.30) MJm-2day-1 which is in the month of March. The average value of global 

solar radiation is (17.80 ± 0.30) MJm-2day-1. 

  For the Ibadan study location, the maximum value of extraterrestrial radiation is 

(38.53 ± 0.48) MJm-2day-1 which occur in the month of January and the minimum 

value is (32.52 ± 0.48) MJm-2day-1 which is in the month of December. The 
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average value of extraterrestrial radiation is (36.23 ± 0.48) MJm-2day-1. The highest 

value of global solar radiation is (19.10 ± 0.36) MJm-2day-1 and it occur in the 

month of January while the minimum value is (14.38 ± 0.36) MJm-2day-1 and it is 

in the month of November. The mean value of global solar radiation for this ten 

years period is (16.68 ± 0.36) MJm-2day-1. 

 In the Awka study location, the maximum value of extraterrestrial radiation is 

(37.55 ± 0.44) MJm-2day-1 in the month of April while the minimum is (32.86 ± 

0.44) MJm-2day-1 in the month of December. Average value of extraterrestrial 

radiation is (35.85 ± 0.44) MJm-2day-1 over a ten years period. The maximum value 

of global solar radiation is (18.84 ± 0.28) MJm-2day-1 in the month of March while 

the minimum value is (15.59 ± 0.28) MJm-2day-1 which is in the month of 

December. Mean value of global solar radiation is (17.40 ± 0.28) MJm-2day-1. 

The Portharcourt study location has the maximum value of extraterrestrial 

radiation as (37.59 ± 0.36) MJm-2day-1 in the month of March while the minimum 

is (33.55 ± 0.36) MJm-2day-1 in the month of December. Average value of 

extraterrestrial radiation over this ten years period is (35.94 ± 0.36) MJm-2day-1. 

The maximum value of global solar radiation is (18.52 ± 0.19) MJm-2day-1 in the 

month of March while the minimum is (16.29 ± 0.19) MJm-2day-1 in the month of 

November and average value for this ten years period is (17.46 ± 0.19) MJm-2day-1  

 In the Northern region of Nigeria, the mean value of extraterrestrial radiation is 

(35.43 ± 0.45) MJm-2day-1 over this ten years period and mean global solar 

radiation is (18.73 ± 0.32) MJm-2day-1 over the same duration. 

The Southern region of Nigeria have a mean value of extraterrestrial radiation of 

(36.00 ± 0.25) MJm-2day-1 and a mean value of global solar radiation of (17.18 ± 
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0.18) MJm-2day-1 over this ten years duration. This result goes to show that the 

country have great potential for deployment of solar energy technology. 

From this study, the average global solar radiation in Nigeria is as high as (24.45 ± 

0.60) MJm-2day-1 and as low as (14.38 ± 0.36) MJm-2day-1 depending on the month 

of the year. Comparing this result with similar work by Offiong (2003) that 

reported an average solar radiation for Nigeria as a whole to be as high as            

20 MJm-2day-1 depending on the time of the year, it can be stated that this result is 

in strong agreement with his findings. In approximating this result in percentage of 

Offiong’s observation, a strong correlation of 81.8% agreement of his result was 

obtained.  

 
4.2.2 Wind Energy Resource Potential of Nigeria 

The monthly mean wind speed varies between 3.66m/s in September and 4.74m/s 

in May for Sokoto location (Table B2). The annual mean wind speed is (4.33 ± 

0.13) m/s. The monthly mean power density varies between 25.53W/m2 in October 

and 72.89W/m2 in June. Therefore, base on the Pacific Northwest Laboratory 

(PNL) wind power classification scheme, the monthly mean power density in this 

location falls into class1 (PD ≤ 100) in all the months. The annual mean power 

density for this site is 49.14W/m2 and also falls in class1. 

For Bauchi (Table B3), the minimum and maximum values of the monthly mean 

wind speeds are 3.21m/s and 6.38m/s respectively, while the annual mean wind 

speed for this location is (4.37 ± 0.29)m/s. The monthly mean power density varies 

between 26.44W/m2 in November and 169.28W/m2 in May. The monthly mean 

power density fall into class1 wind resource category except in April and June, 

when it falls into class2 (100 < PD ≤ 150) and in May, when it falls into class3 (150 
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< PD ≤ 200). However, the annual mean power density for this location is 

59.56W/m2 (class1). 

In the case of Lokoja, Kogi State, the minimum and maximum values of the 

monthly mean wind speeds are 3.65m/s (in November) and 7.07m/s (in March) 

respectively. The annual mean wind speed is (4.52 ± 0.36) m/s. The monthly mean 

power density varies between 34.44W/m2 in December and 235.31W/m2 in March. 

The monthly mean power density falls in class1 wind resource category (PD ≤ 100) 

in most of the months except in July, when it falls in class2 and in March and April 

when it falls in class4 (200 < PD ≤ 250). The annual mean power density for this 

location is 69.94W/m2 (class1). 

For Abeokuta, Ogun State (Table B5), the minimum and maximum values of the 

monthly mean wind speed are 1.86m/s (in November) and 3.47m/s (in February) 

respectively. The annual mean wind speed for this location is (2.76 ± 0.15) m/s. 

The monthly mean power density varies between 6.01W/m2 in December and 

26.88W/m2 in February. The monthly mean power density falls in class1 wind 

resource category in all the months and the annual mean power density is 

14.22W/m2. 

 In Owerri, Imo State, the minimum and maximum values of the monthly mean 

wind speeds are 2.67m/s (in November) and 3.64m/s (in March) respectively. The 

annual mean wind speed is (3.35 ± 0.08) m/s. The monthly mean power density 

varies between 13.92W/m2 in November and 33.94W/m2 in April and the monthly 

mean power density falls in class1 in all the months. The annual mean power 

density is 25.77W/m2. 

The monthly mean wind speed varies between 2.89m/s in November and 4.28m/s 

in March for Portharcourt location (Table B7). The annual mean wind speed is 
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(3.27 ± 0.18) m/s. The monthly power density varies between 10.57W/m2 in 

November and 50.26W/m2 in March and the monthly mean power density falls in 

class1 in all the months. The annual mean power density is 23.67W/m2. 

Detailed information about the sites’ wind speed characteristics (Vm, VF and VE), 

wind speed parameters (k and c), mean power density PD and mean Energy density 

ED are illustrated in Tables B2, B3, B4, B5, B6 and B7 respectively.  

The annual probability density distribution of wind speed for locations in the 

Northern Nigeria (Sokoto, Bauchi and Lokoja) is shown in fig 4.10 while that of 

Southern Nigeria (Abeokuta, Owerri, Portharcourt) is shown in fig 4.11. As seen 

from the figures 4.10 and 4.11, the peak of the density function frequencies of all 

locations are skewed towards the higher values of mean wind speed. It should be 

remarked that the peak of the probability density function curves indicates the most 

frequent wind speed. It can be observed from fig 4.10 that the most frequent wind 

speed expected in Sokoto, Bauchi and Lokoja are 4.0, 4.6 and 4.8m/s respectively. 

Also in fig 4.11, the most frequent wind speed expected in Abeokuta, Owerri and 

Portharcourt are 3.0, 3.4 and 3.2m/s respectively. It can be further observed that 

Lokoja has the highest wind speed towards high wind speed among the locations. 

Lokoja has the highest annual mean wind speed (4.52m/s) among the sites 

considered in this study. Also, this site has the highest values of annual power 

density (69.94W/m2). As mentioned earlier, the efficiency of a wind turbine is 

closely related to the parameter VE which should be as close as possible to the 

design or rated wind speed of the system. Therefore, the proposed wind turbine if 

installed in Lokoja, would likely produce more power than other locations. 

Moreover, it can be considered as the best site for wind energy development in 

Nigeria (based on the six sites considered in this study). Furthermore, the monthly 

mean wind speeds in the study locations in Northern Nigeria ranges from 3.21 to 
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7.74m/s and that of the study locations in Southern Nigeria ranges from 1.86 to 

4.28m/s. The monthly mean power density varies between 25.53 to 253.31W/m2 

and the annual mean power density is in the range of 49.14 to 69.94W/m2 in the 

study locations in Northern Nigeria. Also, the monthly mean power density varies 

between 6.01 to 50.26W/m2 and the annual mean power density is in the range of 

14.22 to 25.77W/m2 in the study locations in Southern Nigeria. 

It can also be inferred from this analysis that the wind resource in Northern Nigeria 

can be classified into class1, 2, and 4 categories while the wind resource in 

Southern Nigeria can be classified mostly in class1. Although, the wind resources 

in Southern Nigerian locations fall into mostly in class1, which is considered as 

marginally or unsuitable for wind power development, the wind power can be used 

for water pumping and small scale electricity generation that can provide 

intermittent power requirement for a variety of purposes that need low-energy 

capacity. Wind resources in most parts of Northern Nigeria which falls in class2 or 

more category is considered suitable for medium scale electricity generation. To 

lend credence to this assertion, a medium scale wind power plant of capacity 

10MW is being constructed in Katsina, Northwest Nigeria.  

 

4.2.3 Hydro Power Potential of Otamiri River and Imo River 

Based on the analysis of the hydrological information gathered with regard to the 

study areas- Otamiri River and Imo River, the following results were obtained: 

The maximum flow rate (Q15), design flow rate (Q40) and average flow rate (Qav) 

for Otairi River at Nekede station are 290,270 and246.72m3/s respectively while 

that of Imo River at Umuna Okigwe station are 680, 240 and 253.51m3/s 

respectively. See Table C5. The hydro power potential based on maximum flow 

rate (PInstall) for Otamiri River at Nekede station is 1.81MW while that of Imo River 
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at Umuna Okigwe station is 5.71MW. In the same vein, the hydro power potential 

based on the design flow rate (PDesign) for Otamiri River at Nekede station is 

1.68MW while that of Imo River at Umuna  Okigwe station is 2.02MW. Expected 

annual energy output (E) for Otamiri River and Imo River at their respective study 

stations are 13.46GWh and 18.65GWh respectively. The hydro power capacity 

factors for Otamiri River and Imo River at the said stations are 0.85 (85%) and 

0.37 (37%) respectively. It is seen that Otamiri River have a high hydro power 

capacity factor due to the fact that the maximum flow rate  (Q15) do not deviate 

much from the average flow rate. Also this maximum flow rate occurs at a 

reasonable percent of time (27.08%). See table C3. The low hydro power capacity 

factor recorded by Imo River is as a result of the much deviation of average flow 

rate from the maximum flow rate. The low percentage occurrence of the maximum 

flow rate (13.56%) is seen to have contributed to this low capacity factor.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 CONCLUSION 

  The Hargreaves and Samani model was used to access the solar energy potential 

of Nigeria. The global solar radiation and extraterrestrial radiation at six study 

locations in Nigeria comprising Sokoto, Maiduguri, Makurdi, Ibadan, Awka and 

Portharcourt within the ten years study period exhibits monthly variation. The 

locations are representatives of the six geo-political zones of Nigeria. The mean 

values of global solar radiation and extraterrestrial radiation at Sokoto over this ten 

years period are (18.55 ± 0.54) MJm-2day-1 and (35.16 ± 0.92) MJm-2day-1 

respectively. Maiduguri location recorded a mean value of (19.83 ± 0.60) MJm-

2day-1 and (35.39 ± 0.83) MJm-2day-1 of global solar radiation and extraterrestrial 

radiation respectively. The Makurdi study location, recorded a mean value of 

global solar radiation and extraterrestrial radiation of (17.80 ± 0.30) MJm-2day-1 

and (35.74 ± 0.52) MJm-2day-1 respectively over the same period. In Ibadan, the 

mean value of global solar radiation and extraterrestrial radiation are (16.68 ± 0.36) 

MJm-2day-1 and (36.23 ± 0.48) MJm-2day-1 respectively. The mean value of global 

solar radiation and extraterrestrial radiation for Awka study location are (17.68 ± 

0.28) MJm-2day-1 and (35.85 ± 0.44) MJm-2day-1 respectively while that of 

Portharcourt are (17.46 ± 0.19) MJm-2day-1 and (35.94 ± 0.36) MJm-2day-1 

respectively. 

In the Northern region of Nigeria, the mean global solar radiation and 

extraterrestrial radiation over this period are (18.73 ± 0.32) MJm-2day-1 and (35.43 

± 0.45) MJm-2day-1 respectively while the Southern region have these values as 

(17.18 ± 0.18) MJm-2day-1 and (36.00 ± 0.45) MJm-2day-1 respectively. This result 
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goes to show that Nigeria have a good solar radiation potential with Northern part 

of Nigeria having a marginal edge over the southern part and is in strong 

agreement with Offiong (2003) findings. 

The wind energy resources of Nigeria were also analyzed. In carrying this analysis, 

the wind speed characteristics and wind energy potential in six selected locations 

that are representatives of the six geo-political zones of Nigeria were investigated 

using the Weibull probability distribution function. The study locations are Sokoto, 

Bauchi, Lokoja, Abeokuta, Owerri and Portharcourt. The findings from these 

locations can be summarized as follows: 

 The annual mean wind speed at Sokoto, Bauchi and Lokoja are 4.33, 4.37 

and 4.52m/s respectively while that of Abeokuta, Owerri and Portharcourt 

are 2.76, 3.35 and 3.27m/s respectively. 

 The annual values of  the wind speed carrying maximum energy for Sokoto, 

Bauchi and Lokoja are 4.52,5.12 and 5.52m/s respectively while that of 

Abeokuta, Owerri and Portharcourt are 3.11, 3.81 and 3.69m/s respectively. 

 The annual values of Weibull shape parameter k for Sokoto, Bauchi and 

Lokoja are 11.60, 4.86 and 3.99 respectively while that of Abeokuta, Owerri 

and Portharcourt are 6.06, 5.75 and5.98 respectively. This shows that wind 

speed is most uniform in Sokoto since it has the highest value of k. 

 The annual mean power density for Sokoto, Bauchi and Lokoja are 49.14, 

59.56 and69.94W/m2 respectively while that of Abeokuta, Owerri and 

Portharcourt are 14.22, 25.77 and23.67W/m2 respectively. 

 Wind resources in most parts of Northern Nigeria falls into class2 or more 

wind resource category which is suitable for medium scale electricity 

generation and water pumping while the wind resources in most parts of 
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southern Nigeria falls into class1 which is only suitable for water pumping 

application. 

Finally, the hydro power potential of some rivers in Nigeria was investigated for 

deployment of small hydro power plants. Two known rivers in Nigeria- Otamiri 

River and Imo River were statistically analyzed to ascertain their hydro power 

potential. The result of these analyses can be summarized as follows: 

 The hydro power potential of a 70% efficient plant for Otamiri River 

at Nekede station is 1.68MW while that of Imo River at Umuna 

Okigwe station is 2.02MW. 

 The annual energy output for Otamiri River and Imo River at their 

respective study stations are 13.46GWh and 18.65GWh respectively. 

This approach adopted in this analysis may serve as a template to access the hydro 

power potential of the numerous rivers in Nigeria.  

Among the three renewable energy resourses analysed in this study, solar energy 

provides the best option for “green” power generation in Nigeria. This is because, 

it is fairly uniform throughout Nigeria and a relatively high energy density can be 

obtained from it and it has no negative impact on the environment. 
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5.2 RECOMMENDATIONS 

For future research activity and further improvement in renewable energy 

development in Nigeria, the following suggestions were identified for 

recommendations: 

i) FGN must provide leadership in Renewable Energy investment. To 

facilitate investment in Renewable Energy development, the FGN should 

act as a leading investor to catalyze the process. The FGN may have to 

put funds into Renewable energy development and provide adequate 

guarantees to investors who may be willing to participate in this area. 

ii) Creative and transparent fiscal and market incentives must be put in place 

to encourage both the end use technology consumers and supply 

technology investors to ensure an increase in the inflow of renewable 

energy investment. Some of the tools that can be introduced will include: 

pioneer status which will accord Renewable energy technology 

investment tax holidays during the pioneer status period; reduction or 

outright removal of import surcharges on imported Renewable energy 

technology equipment and facilities; introduction of sovereign guarantees 

for funds that will be brought in by foreign investors etc. 

iii) In order to achieve vision 20-20-20, Nigeria should set a target of 

increasing the contribution of Renewable energy to total electrical power 

production to a reasonable percentage by the year 2020. Nigeria may take 

a cue from countries like US and China to produce a separate Renewable 

energy policy framework with achievable set target. Government should 

establish a Renewable energy commission to fast track developments in 

Renewable energy technology. 
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iv)  Conduct wind resources assessment at 50m above ground level for 

different topographic conditions comprising: sheltered terrains, open 

plain, sea coast, open sea, hill tops and ridges in Nigeria. 

 
v) Conduct a comprehensive research on the hydro power 

resources/potential of major rivers in Nigeria. To achieve this objective, 

government should encourage the River Basin Development  Authority 

in the establishment of gauging stations on major rivers in Nigeria where 

hydrological data necessary for hydropower resources assessment. 
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5.3 CONTRIBUTION TO KNOWLEDGE 

 A successful  comparative analysis of renewable energy sources (solar, wind 
and hydro) was carried out to ascertain their respective resource potential for 
power generation in Nigeria, 

 The methods adopted in this analysis are simple and cost effective 
preliminary design analysis necessary for deployment of renewable energy 
technologies at a candidate site. 

 The results generated from this research work will be helpful to the Federal 
government of Nigeria, foreign and local investors in making wise 
investment decisions through the availability of this vital information which 
previously has been scarce and has discouraged them from making 
contribution into the renewable energy market in Nigeria. 
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APPENDIXES 

APPENDIX A 

SOLAR ENERGY RESOURCE POTENTIAL OF SOME LOCATIONS IN NIGERIA 

Table A1: Geo-spacial characteristics, temperature differential and solar energy potential 
of Sokoto, Northwest Nigeria, λ= 13.10 N, K= 0.16 

Month n δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 84.9 1.03 20.2 30.45 21.80 
Feb 47 -13.0 86.9 1.02 17.7 33.37 22.46 
Mar 75 -2.4 89.4 1.01 11.7 36.38 19.91 
Apr 105 9.4 92.2 0.99 8.4 37.97 17.60 
May 135 18.8 94.5 0.98 7.8 38.30 17.11 
Jun 162 23.1 95.7 0.97 8.1 37.97 17.27 
Jul 198 21.2 95.3 0.97 9.4 37.94 18.61 
Aug 228 13.5 93.2 0.98 9.5 38.01 18.74 
Sep 258 2.2 90.5 0.99 10.4 36.73 18.95 
Oct 288 -9.6 87.7 1.01 9.4 34.23 16.79 
Nov 318 -18.9 85.4 1.02 11.0 31.02 16.46 
Dec 344 -23.0 84.3 1.03 12.8 29.52 16.90 
 

 

Table A2: Geo-spacial characteristics, temperature differential and solar energy potential 
of Maiduguri, Northeast Nigeria, λ= 11.80 N, K= 0.16 

Month n δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 85.4 1.03 22.3 31.11 23.50 
Feb 47 -13.0 87.2 1.02 20.2 34.05 24.45 
Mar 75 -2.4 89.5 1.01 14.1 36.62 20.00 
Apr 105 9.4 92.0 0.99 9.9 37.91 19.09 
May 135 18.8 94.1 0.98 8.2 38.26 19.53 
Jun 162 23.1 95.1 0.97 7.6 37.77 16.66 
Jul 198 21.2 94.6 0.97 9.7 37.84 18.86 
Aug 228 13.5 92.9 0.98 10.5 37.85 19.68 
Sep 258 2.2 90.5 0.99 9.4 36.86 18.08 
Oct 288 -9.6 88.0 1.01 10.9 34.63 18.29 
Nov 318 -18.9 85.9 1.02 15.2 31.61 19.72 
Dec 344 -23.0 84.9 1.03 17.3 30.16 20.07 
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Table A3: Geo-spacial characteristics, temperature differential and solar energy potential 
of  Makurdi, Benue state, North-central Nigeria, λ= 7.70 N, K= 0.16 

Month N δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 87.0 1.03 11.7 32.98 18.05 
Feb 47 -13.0 88.2 1.02 8.9 35.23 16.81 
Mar 75 -2.4 89.7 1.01 7.2 37.26 16.00 
Apr 105 9.4 91.3 0.99 7.5 37.67 16.46 
May 135 18.8 92.6 0.98 9.5 37.09 18.29 
Jun 162 23.1 93.3 0.97 10.4 36.30 18.73 
Jul 198 21.2 93.0 0.97 9.9 36.51 18.38 
Aug 228 13.5 91.9 0.98 11.0 37.32 19.80 
Sep 258 2.2 90.3 0.99 9.4 37.15 18.23 
Oct 288 -9.6 88.7 1.01 9.4 35.77 17.55 
Nov 318 -18.9 87.3 1.02 9.9 33.39 16.81 
Dec 344 -23.0 86.7 1.03 12.9 32.19 18.50 
 

 

Table A4: Geo-spacial characteristics, temperature differential and solar energy potential 
of Ibadan, Oyo state, Southwest Nigeria, λ= 7.40 N, K= 0.16 

Month N δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 87.2 1.03 9.6 38.53 19.10 
Feb 47 -13.0 88.3 1.02 8.6 35.32 16.57 
Mar 75 -2.4 89.7 1.01 7.9 37.30 16.77 
Apr 105 9.4 91.2 0.99 8.5 37.65 17.56 
May 135 18.8 92.5 0.98 8.4 37.02 17.17 
Jun 162 23.1 93.2 0.97 8.1 36.21 16.49 
Jul 198 21.2 92.9 0.97 8.2 36.42 16.69 
Aug 228 13.5 91.8 0.98 9.1 37.28 17.99 
Sep 258 2.2 90.3 0.99 8.0 37.17 16.81 
Oct 288 -9.6 88,7 1.01 7.9 35.85 16.12 
Nov 318 -18.9 87.5 1.02 7.2 33.50 14.38 
Dec 344 -23.0 86.8 1.03 7.8 32.52 14.53 
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Table A5: Geo-spacial characteristics, temperature differential and solar energy potential 
of Awka, Anambra state, Southeast Nigeria, λ= 6.30 N, K= 16 

Month N δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 87.6 1.03 9.4 33.60 16.48 
Feb 47 -13.0 88.5 1.02 10.0 35.66 18.04 
Mar 75 -2.4 89.7 1.01 9.9 37.43 18.84 
Apr 105 9.4 91.0 0.99 8.6 37.55 17.62 
May 135 18.8 92.2 0.98 9.5 36.73 18.12 
Jun 162 23.1 92.7 0.97 9.8 35.84 17.95 
Jul 198 21.2 92.5 0.97 8.6 36.09 16.94 
Aug 228 13.5 91.5 0.98 9.3 37.10 18.10 
Sep 258 2.2 90.2 0.99 9.3 37.24 18.17 
Oct 288 -9.6 88.9 1.01 8.9 36.12 17.24 
Nov 318 -18.9 87.8 1.02 8.4 33.94 15.74 
Dec 344 -23.0 87.3 1.03 8.8 32.86 15.59 
 

 

 

Table A6: Geo-spacial characteristics, temperature differential and solar energy potential 
of Portharcourt, Rivers state, South-South Nigeria, λ= 4.80 N, K= 0.17 

Month N δ ws dr Tmax-Tmin H0 
MJm-2/d 

H 
MJm-2/d 

Jan 17 -20.9 87.3 1.03 9.4 34.24 17.85 
Feb 47 -13.0 88.9 1.02 9.0 36.10 18.41 
Mar 75 -2.4 89.8 1.01 8.4 37.59 18.52 
Apr 105 9.4 90.8 0.99 7.6 37.39 17.52 
May 135 18.8 91.6 0.98 8.1 36.33 17.58 
Jun 162 23.1 92.1 0.97 8.0 35.32 16.98 
Jul 198 21.2 91.7 0.97 7.7 35.63 16.81 
Aug 228 13.5 91.2 0.98 8.8 36.83 18.04 
Sep 258 2.2 90.2 0.99 7.5 37.24 17.34 
Oct 288 -9.6 89.2 1.01 7.8 36.47 17.32 
Nov 318 -18.9 88.4 1.02 7.7 34.53 16.29 
Dec 344 -23.0 88.0 1.03 8.7 33.55 16.82 
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Table A7: Summary of Radiation values 

             Sokoto     Maiduguri Makurdi            Ibadan 
 H0 MJm-2/d H MJm-2/d H0 

MJm-2/d 

H MJm-

2/d 
H0  
MJm-

2/d 

H MJm-

2/d 
H0 
MJm-

2/d 

H MJm-2/d 

Mean 35.16 18.55 35.39 19.83 35.74 17.80 36.23 16.68 
Max 38.30 22.46 38.26 24.45 37.67 19.80 38.53 19.10 
Min 29.52 16.46 30.16 16.66 32.19 16.00 32.52 14.38 
SD 3.1709 1.8864 2.8623 2.0816 1.8086 1.0503 1.6655 1.6655 
        Awka Portharcourt Northern Region Southern Region 
 H0 MJm-2/d H MJm-2/d H0 

MJm-2/d 

H MJm-

2/d 
H0  
MJm-

2/d 

H MJm-

2/d 
H0 
MJm-

2/d 

H MJm-2/d 

Mean 35.85 17.40 35.94 17.46 35.43 18.73 36.00 17..18 
Max 37.55 18.84 37.59 18.52 38.30 24.45 38.53 19.10 
Min 32.86 15.59 33.55 16.29 29.52 16.00 32.52 14.38 
SD 1.5131 0.9811 1.2529 0.6454 2.6888 1.9231 1.4960 1.0531 
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APPENDIX B 

 WIND ENERGY RESOURCE POTENTIAL OF SOME LOCATIONS IN NIGERIA 

Table B1: Monthly mean wind speed (m/s) at a height of 10m over a 10 years period (2001-
2010) at the study locations 

 SOKOTO 
(Sokoto) 

BAUCHI 
(Bauchi) 

KOGI 
(Lokoja) 

OGUN 
(Abeokuta) 

IMO 
(Owerri) 

RIVERS 
(Portharcourt) 

Jan 4.78 3.69 3.72 2.87 3.52 3.76 
Feb 4.52 3.94 3.87 3.47 3.54 4.10 
Mar 4.14 4.62 7.07 3.43 3.64 4.28 
Apr 4.28 5.56 6.82 3.07 3.70 3.87 
May 4.74 6.38 4.23 2.65 3.45 3.20 
Jun 4.98 5.67 4.66 3.24 3.55 3.78 
Jul 4.22 4.93 4.52 2.97 3.32 2.74 
Aug 3.96 4.25 4.16 2.99 3.42 2.61 
Sep 3.66 3.22 4.01 2.54 3.31 3.04 
Oct 3.44 3.60 4.09 2.06 3.04 2.51 
Nov 4.40 3.21 3.65 1.86 2.67 2.43 
Dec 4.78 3.38 3.41 2.01 3.00 2.89 
Annual 
mean 

4.33 4.37 4.52 2.76 3.35 3.27 

 

 

Table B2: Characteristic speed, mean Power density and Energy density in Sokoto, 
Northwest Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 4.78 12.92 4.88 4.85 4.93 64.83 48.233 
Feb 4.52 12.15 4.64 4.61 4.70 55.46 37.269 
Mar 4.14 11.05 4.28 4.24 4.34 43.34 32.245 
Apr 4.28 11.46 4.41 4.38 4.47 47.51 34.207 
May 4.74 12.80 4.84 4.81 4.90 63.25 45.538 
Jun 4.98 13.50 5.07 5.04 5.12 72.89 52.479 
Jul 4.22 11.28 4.35 4.31 4.41 45.50 32.761 
Aug 3.96 10.53 4.10 3.92 4.03 38.02 27.377 
Sep 3.66 9.67 3.81 3.77 3.88 30.35 21.854 
Oct 3.44 9.04 3.60 3.55 3.68 25.53 18.994 
Nov 4.40 11.80 4.52 4.49 4.58 51.27 36.913 
Dec 4.78 12.92 4.88 4.85 4.93 64.83 48.233 
Annual 4.33 11.60 4.46 4.43 4.52 49.14 436.103 
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Table B3: Characteristic speed, mean Power density and Energy density in Bauchi, 
Northeast Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 3.69 4.05 4.07 3.79 4.49 37.86 28.168 
Feb 3.94 4.35 4.33 4.08 4.72 45.09 30.300 
Mar 4.62 5.17 5.02 4.82 5.35 69.07 51.389 
Apr 5.56 6.32 5.97 5.82 6.21 115.42 83.103 
May 6.38 7.34 6.78 6.65 7.01 169.28 125.944 
Jun 5.67 6.45 6.08 5.92 6.34 121.92 87.782 
Jul 4.93 5.54 5.34 5.15 5.66 82.84 61.632 
Aug 4.25 4.72 4.65 4.42 5.01 55.34 41.174 
Sep 3.22 3.49 3.58 3.25 4.08 26.66 19.196 
Oct 3.60 3.94 3.98 3.69 4.42 35.58 26.471 
Nov 3.21 3.48 3.57 3.24 4.07 26.44 19.036 
Dec 3.38 3.68 3.75 3.44 4.22 30.26 22.513 
Annual 4.37 4.86 4.77 4.55 5.12 59.56 596.708 
 

 

 

Table B4: Characteristic speed, mean Power density and Energy density in Lokoja, Kogi 
state, North-central Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 3.72 3.23 4.16 3.71 4.83 42.88 31.901 
Feb 3.87 3.37 4.31 3.88 4.95 47.00 31.582 
Mar 7.07 6.49 7.57 7.38 7.89 235.31 175.068 
Apr 6.82 6.24 7.33 7.13 7.66 213.66 153.837 
May 4.23 3.72 4.69 4.31 5.27 59.02 43.912 
Jun 4.66 4.13 5.14 4.81 5.66 76.08 54.776 
Jul 4.52 4.96 6.02 5.75 6.45 119.40 88.832 
Aug 4.16 3.65 4.62 4.23 5.21 56.58 42.099 
Sep 4.01 3.51 4.46 4.05 5.07 51.38 36.996 
Oct 4.09 3.68 4.54 4.17 5.11 53.70 39.950 
Nov 3.65 3.17 4.08 3.62 4.76 40.76 29.349 
Dec 3.41 2.94 3.83 3.32 4.57 34.44 25.624 
Annual 4.52 3.99 4.99 4.64 5.52 69.94 753.926 
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Table B5: Characteristic speed, mean Power density and Energy density in Abeokuta, 
Ogun state, Southwest Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 2.87 6.32 3.08 2.30 3.22 15.85 11.792 
Feb 3.47 7.77 3.67 3.60 3.78 26.88 18.064 
Mar 3.43 7.67 3.63 3.56 3.73 26.01 19.353 
Apr 3.07 6.80 3.28 3.20 3.41 19.15 13.785 
May 2.65 5.80 2.86 2.77 3.01 12.71 9.456 
Jun 3.24 7.21 3.45 3.38 3.57 22.29 16.051 
Jul 2.97 6.56 3.18 3.10 3.31 17.44 12.978 
Aug 2.99 6.61 3.20 3.12 3.33 17.78 13.225 
Sep 2.54 5.54 2.75 2.65 2.91 11.31 8.146 
Oct 2.06 4.41 2.26 2.13 2.46 6.40 4.761 
Nov 1.86 3.95 2.06 1.91 2.29 4.93 3.552 
Dec 2.01 4.29 2.21 2.08 2.42 6.01 4.469 
Annual 2.76 6.06 2.97 2.88 3.11 14.22 135.632 
 

 

 

Table B6: Characteristic speed, mean Power density and Energy density in Owerri, Imo 
state, Southeast Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 3.52 6.07 3.79 3.68 3.97 29.54 21.979 
Feb 3.54 6.11 3.81 3.70 4.00 30.01 20.168 
Mar 3.64 6.30 3.91 3.80 4.08 32.43 24.128 
Apr 3.70 6.41 3.97 3.87 4.14 33.94 24.438 
May 3.45 5.94 3.72 3.61 3.91 27.95 20.798 
Jun 3.55 6.13 3.82 3.71 4.00 30.25 21.779 
Jul 3.32 5.70 3.59 3.47 3.78 25.15 18.714 
Aug 3.42 5.88 3.69 3.57 3.88 27.28 20.299 
Sep 3.31 5.68 3.58 3.46 3.78 24.94 17.959 
Oct 3.04 5.18 3.31 3.18 5.53 19.80 14.731 
Nov 2.67 4.50 2.93 2.77 3.18 13.92 10.020 
Dec 3.00 5.10 3.27 3.13 3.49 19.11 14.220 
Annual 3.35 5.75 3.62 3.50 3.81 25.77 229.233 
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Table B7: Characteristic speed, mean Power density and Energy density in Portharcourt, 
Rivers State, South-south Nigeria at height of 10m 

Month Vm(m/s) K c (m/s) VF(m/s) VE(m/s) PD(W/m2) ED(KWh/m2) 
Jan 3.76 6.95 4.01 3.92 4.16 34.99 26.035 
Feb 4.10 7.64 4.34 4.26 4.47 44.45 29.874 
Mar 4.28 8.00 4.52 4.45 4.65 50.26 37.391 
Apr 3.87 7.17 4.12 4.03 4.26 37.97 27.336 
May 3.20 5.84 3.45 3.34 3.63 22.30 16.591 
Jun 3.78 6.99 4.03 3.94 4.18 35.52 25.574 
Jul 2.74 4.93 2.99 2.86 3.20 14.65 10.898 
Aug 2.61 4.68 2.86 2.72 3.09 31.66 23.552 
Sep 3.04 5.52 3.29 3.17 3.48 19.37 13.948 
Oct 2.51 4.48 2.75 2.60 2.99 11.51 8.561 
Nov 2.43 4.33 2.67 2.51 2.91 10.57 7.612 
Dec 2.89 5.22 3.14 3.01 3.34 16.89 12.563 
Annual 3.27 5.98 3.52 3.41 3.69 23.67 239.935 
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APPENDIX C 

 HYDRO ENERGY RESOURCE POTENTIAL OF SOME RIVERS IN NIGERIA 

 

Table C1: Monthly water discharge (m3/s) of Otamiri River at Nekede station (Lat. 50 26 ́ 
/N, Long. 70 2/) from 1985 to 1988. 

Year/Month Jan Feb Mar Apr May Jun 
1985 242.44 201.18 242.44 176.92 196.70 204.24 
1986 245.28 214.28 239.78 207.96 221.10 217.12 
1987 281.54 242.18 277.76 235.10 272.02 238.64 
1988 261.38 234.50 245.06 258.02 274.12 261.28 
Year/Month Jul Aug Sept Oct Nov Dec 
1985 227.26 244.06 226.38 250.22 255.78 244.86 
1986 241.48 275.24 277.52 285.54 244.72 246.54 
1987 248.26 250.34 259.96 286.02 276.36 282.94 
1988 275.12 267.40 248.36 186.14 278.34 272.72 
 

 

Table C2: Monthly water discharge (m3/s) of Imo River at Umuna Okigwe station (Lat. 50 
45/, Long. 70 18/) from 1985 to 1989 

Year/Month Jan Feb Mar Apr May Jun 
1985 107.18 75.19 64.63 88.92 120.05 205.36 
1986 144.40 68.54 81.30 211.15 265.51 265.51 
1987 50.50 43.07 47.65 75.90 178.69 200.18 
1988 66.65 51.80 58.42 45.05 28.17 86.29 
1989 71.92 51.60 59.72 78.92 71.12 109.37 
Year/Month Jul Aug Sept Oct Nov Dec 
1985 38.56 202.05 698.58 72.93 65.26 121.33 
1986 948.89 1278.70 750.89 557.00 189.98 116.88 
1987 321.65 278.84 699.73 666.71 204.09 83.67 
1988 212.66 607.40 637.15 44.75 165.27 46.86 
1989 310.94 256.21 1118.08 1039.67 170.74 124.31 
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Table C3: Computed data for flow-duration curve of Otamiri River 

BClass (m3/s) Frequency Cumulative 
Frequency 

Percentage of time 

170.00  - 190.00 2 48 100 
190.01 – 210.01 4 46 95.83 
210.02 – 230.02 5 42 87.50 
230.03 – 250.03 16 37 77.08 
250.04 – 270.05 8 21 43.75 
270.06 – 290.06 13 13 27.08 
290.07 – 310.07 0 0 0 
 

 

Table C4: Computed data for flow-duration curve of Imo River 

Class (m3/s) Frequency Cumulative 
frequency 

Percentage of time 

50.00 – 150.00 33 59 100 
150.01 – 250.01 9 26 44.07 
250.02 – 350.02 6 17 28.81 
350.03 – 450.03 0 11 18.64 
450.04 – 550.04 0 11 18.64 
550.05 – 650.05 3 11 18.64 
650.06 – 750.06 3 8 13.56 
750.07 – 850.07 1 5 8.47 
850.08 – 950.08 1 4 6.78 
950.09 – 1050.09 1 3 5.08 
1050.10 – 1150.10 1 2 3.39 
1150.11 – 1250.11 0 1 1.69 
1250.12 – 1350.12 1 1 1.69 
1350.13 – 1450.13 0 0 0 
 

 

 

 

 

 



126 
 

Table C5: Computed flow characteristics and hydro power potentials of Otamiri River and 

Imo River 

 Q15(m
3/s) Q40(m

3/s) Qav(m
3/s) PInstall 

(MW) 

PDesign 

(MW) 

E(GWh) CF 

Otamiri 

River 

290 270 246.72 1.8067 1.6821 13.46 0.85 

Imo 

River 

680 240 253.51 5.712 2.015 18.65 0.37 
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