
JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.102-111. 

 

 

 

WIND-ELECTRICITY GENERATION POTENTIAL FOR SELECTED REGIONS IN 

NORTHWESTERN NIGERIA 
 

ADAMU, A.A. and ABDULLAHI, I. 

 

Department of Mechanical Engineering, Faculty Of Engineering, Bayero University, 

Kano, Nigeria 

 

ABSTRACT 

 
Using assessed power densities of three northern cities of Sokoto, Kano and Gusau, the wind-
electricity potential and the capacity factors of these cities were estimated using three model 

wind turbines. The three cities showed reasonable wind energy utilization potential, with 

Kano having the highest potential and capacity factor. The cost analysis carried out on the 

smallest capacity wind generator model showed a net present value and internal rate of 

return under 17% per annum real interest rate of N20,909,1086.19 and 22.29% per annum, 
respectively at a cost of N12.00/kWh. Analysis of energy output and economics of wind pack 

to supply part of Kano’s energy demand was also carried out. 
 

SIGNIFICANCE: Realizing the potential of 

wind-electricity utilization and the capacity 

factor for such industrial areas like Kano, will 

significantly pave way to resuscitating the 

industrial complex in northwestern part of the 

country. 

 

KEYWORDS: Wind-electricity generation; 

Annual energy output; Capacity factor; Pay-back 

period; Net present value; Internal rate of return. 

 

1.0 INTRODUCTION 
 

The declining power generation in Nigeria in the 

last one and a half decade has led to mass closure 

of industrial plants and even those that are still in 

operation operate at below full-capacity 

utilization. Even at that, most industries – from 

small through medium to large-scale – rely 

heavily on power generating sets. The large sums 

of money expended by the Nigerian government 

to resuscitate the power sector could easily have 

been invested in wind energy generation to 

provide more than 25% of the total energy 

requirements of the nation. The situation has 

necessitated the various governments to 

implement plans for independent power projects 

(IPP) with very little to show for the huge 

investments made. One of the major alternative 

energy sources largely unexploited by both 

government and private stakeholders is the wind, 

not only because of lack of interest by the 

stakeholders nor because of unavailable primary 

data, but also because of lack of research into the 

potentials wind-electricity generation of many 

parts of the country. 

This work highlights the vast wind-electricity 

generation potentials of some regions of north-

western Nigeria, particularly those with huge 

industrial base like Kano and Kaduna. This work 

also shows the potential for wind farms for these 

areas not only for grid connection but also for 

revival of the prostate industries in the areas, as 

well as for domestic and cottage industry 

applications. 

The current study focused on the electricity 

generation for three cities of Kano, Sokoto, and 

Gusau. It analyzes the electricity generation 

realizable from these locations from both stand-

alone wind turbines and turbines in packs – wind 

farm – as well as analyzing the economics of the 

energy utilization. This study estimates the 

specific power, annual energy output and the 

capacity factor for these areas using model wind 

turbines. In addition, the economics analysis 

covers total initial costs, operating costs, 

estimates annual energy cost savings, net present 

value, internal rates of return and the payback 

period – all based on 2008 prices and exchange 

rates, as the study was carried out in 2008. 

In order to maximize benefit of the wind-

electricity generation potential particularly for 

Kano with a large industrial base, it will be 

necessary to examine the energy derivable from 

and part of the initial cost of wind farm. This 

study focused on such possibility for only Kano. 

This is because, in addition to having the highest 

wind-electricity generating potential for the three 

cities under consideration, it has been suggested 
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by Iowa Wind Energy Centre, (2006), that, for 

economic viability, wind turbine site should 

experience not less than 5.4 m/s of average wind 

speed. Kano and Sokoto has been shown by the 

preliminary study in this work to have mean 

wind speeds of up to 7.62 and 6.28 m/s, 

respectively at the standard hub height of 80 m. 

However, only Kano, at this height, possesses 

greater than the typical capacity factor (Madison 

Gas and Electric, 2008) of about 23%. Further, 

Kano has the largest industrial base among the 

three cities.  

In the wind farm aspect, this study limits itself to 

the obtainable energy and the economics thereof; 

it precludes the technicalities of establishing the 

wind farm. 

 

2.0 LITERATURE REVIEW 
 

2.1 Review of Global Issues on Wind-

electricity Generation 
Starting with a preliminary study of the wind 

energy potential of the sites under consideration 

(Kano, Sokoto and Gusau), this study assessed 

the wind energy utilization potential for these 

sites. The study showed that these three cities 

(Kano, Sokoto, and Gusau) with decreasing 

order of potential, have reasonable probability of 

mean wind speeds above 3 m/s at 10m height  

(meaning reasonable probability for a wind 

generator with a typical cut-in speed of 3 m/s to 

operate in these areas). The power density at 

various standard wind turbine operational heights 

were estimated in the study and revealed that at 

80 m height, these are, respectively 236, 129 and 

72 W/m
2
. Clearly, these values show above 

average wind-electricity generation capabilities 

for these cities. 

2.1.1 Economic Issues: The energy supply 

market is very competitive, led by utilities and 

fuel companies that meet nearly all our energy 

demands. Alternative energy sources like wind 

power provide new options and certain 

advantages, but to be truly competitive with 

conventional energy sources, they also must be 

economical. A wind energy system requires a 

large initial capital outlay, but over its lifetime it 

will provide years of energy with no fuel cost 

while the costs of other sources of energy may 

escalate. Information regarding how much do 

wind turbines cost; how long do they eventually 

pay for themselves; and how will utility rates 

change in the future and by how much usually 

prepare prospective buyers to determine the 

potential financial gain available from the wind 

system chosen to fit a particular energy profile, 

(Iowa Wind Energy Centre, 2006). 

As wind energy is not generally cost-competitive 

with the thermal sources of electricity 

generation, the pattern of development has been 

largely dependent on the support mechanisms 

provided by national governments. Wind costs 

have declined steadily and a typical installed cost 

for onshore wind farms is now around 

US$1,000/kW (N129,000/kW), and for offshore 

around US$1600/kW (N206,400/kW). The 

corresponding electricity costs vary, partly due to 

wind speed variations and partly due to differing 

institutional frameworks. Wind prices are 

converging with those from the thermal sources 

but it is not easy to make objective comparisons, 

as there are few places where totally level 

playing fields exist. Two examples may be 

given. Until recently, the UK operated a 

competitive tender market for renewable energy 

sources which guaranteed payments for 15 years. 

Vigorous competition drove prices down rapidly 

and the prices realised in the last round of the 

Non-Fossil Fuel Obligation may be compared 

with prices for new gas and coal-fired plant. 

Analysis by the National Renewable Energy 

Laboratory (1999) shows that wind prices are 

very similar to those for coal-fired plant and only 

a little more than those of gas-fired plant. Table 

1 shows, a recent analysis for the State of 

Oregon in 2000. This comparison shows a bigger 

gap between wind and gas although wind is 

significantly cheaper than nuclear. Other US data 

suggest that wind prices down to around 4 US 

cents/kWh (N5.16/kWh) can be realized in some 

areas. 

 

Table 1: Energy costs from various sources for the State of Oregon, USA for 200 

 

Micro-Hydro US$ 0.21/kWh (N 27.09/kWh) 

Wind  US$ 0.48/kWh (N 61.92/kWh) 

Diesel US$ 0.80/kWh (N 103.20/kWh) 

Grid Extension US$ 1.02/kWh (N 131.58/kWh) 

Source: National Renewable Energy Laboratory (1999) 
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The way in which wind energy has developed 

has been influenced by the nature of the support 

mechanisms. Early developments in California 

and subsequently in the UK, for example, were 

mainly in the form of wind farms, with tens of 

machines, but up to 100 or more in some 

instances. In Germany and Denmark the 

arrangements favoured investments by 

individuals or small cooperatives and so there are 

many single machines and clusters of two or 

three. Economies of scale can be realized by 

building wind farms, particularly in the civil 

engineering and grid connection costs and 

possibly by securing "quantity discounts" from 

the turbine manufacturers. Economies of scale 

deliver more significant savings in the case of 

offshore wind farms and many of the 

developments involve large numbers of 

machines (National Renewable Energy 

Laboratory, 1999). 

2.1.2 Environmental Issues: No energy source 

is free of environmental effects. As the 

renewable energy sources make use of energy in 

forms that are diffuse, larger structures, or 

greater land use, tend to be required and attention 

may be focused on the visual effects. In the case 

of wind energy, there is also discussion of the 

effects of noise and possible disturbance to 

wildlife - especially birds. It must be 

remembered, however, that one of the main 

reasons for developing the renewable sources is 

an environmental one - to reduce emissions of 

greenhouse gases. 

According to National Renewable Energy 

Laboratory (1999), almost all sources of power 

emit noise, and the key to acceptability is the 

same in every case - sensible sitting. Wind 

turbines emit noise from the rotation of the 

blades and from the machinery, principally the 

gearbox and generator. At low wind speeds wind 

turbines generate no noise, simply because they 

do not generate. The noise level near the cut-in 

wind speed is important since the noise 

perceived by an observer depends on the level of 

local background noise (the masking effect) in 

the vicinity. At very high wind speeds, on the 

other hand, background noise due to the wind 

itself may well be higher than noise generated by 

a wind turbine. The intensity of noise reduces 

with distance and it is also attenuated by air 

absorption. The exact distance at which noise 

from turbines becomes "acceptable" depends on 

a range of factors. As a guide, many wind farms 

with 400-500 kW turbines find that they need to 

be sited no closer than around 300-400 m to 

dwellings. 

Other environmental issues concern television 

and radio interference; threat to rare plants and 

avian species; and visual effects: wind turbines, 

like other structures, can scatter electro-magnetic 

communication signals, including television; 

careful sitting can avoid difficulties, which may 

arise in some situations if the signal is weak. 

Fortunately it is usually possible to introduce 

technical measures - usually at low cost - to 

compensate; the need to avoid areas where rare 

plants or animals are to be found is generally a 

matter of common sense, but the question of 

birds is more complicated and has been the 

subject of several studies; one of the more 

obvious environmental effects of wind turbines 

is their visual aspect, especially that of a wind 

farm comprising a large number of wind 

turbines. There is no measurable way of 

assessing the effect, which is essentially 

subjective. As with noise, the background is also 

vitally important. Experience has shown that 

good design and the use of subdued neutral 

colours - "off-white" is popular - minimizes 

these effects. 

2.1.3 Future Developmental Issues: Recent 

rapid growth in Denmark, Spain and Germany 

shows no sign of slowing and there are plans for 

further capacity in the United States, Canada, the 

Middle East, the Far East and South America. 

The rate of development will depend on the level 

of political support from the national 

governments and international community. This, 

in turn, depends on the level of commitment to 

achieving the carbon dioxide reduction targets 

now internationally agreed. Although the 

technology has developed rapidly during the past 

ten years, further improvements can be expected 

both in performance and cost, (National 

Renewable Energy Laboratory, 1999). 

 

3.0 MATERIALS AND METHODS 

 
3.1 Wind Data Collection 

Average monthly wind speed spanning fifteen 

years was obtained from the Nigeria 

Meteorological Agency (NIMET), Lagos and 

analyzed. The wind data for the sampled places 

in northwestern Nigeria were for Sokoto (Sokoto 

State), Kano (Kano State), and Gusau (Zamfara 

State). The mean monthly and mean annual wind 

speeds at a height of 10 m above ground level 

are shown in Table 2. 
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Table 2: Mean monthly and annual wind speed and wind Direction 

 

Station 

Monthly mean wind speed (m/s) 

A
n

n
u

a
l 

M
ea

n
 

 

Jan 

 

Feb 

 

Mar 

 

Apr 

 

May 

 

Jun 

 

Jul 

 

Aug 

 

Sep 

 

Oct 

 

Nov 

 

Dec 

Sokoto 4.53 4.43 3.89 3.54 4.15 4.60 4.11 3.14 2.71 2.50 3.29 3.93 3.73 

Kano 4.76 4.90 4.75 4.81 5.04 5.50 4.72 4.15 3.99 3.66 3.69 4.42 4.53 

Gusau 3.91 3.58 3.69 3.43 3.56 3.51 3.03 2.51 2.09 1.78 2.20 3.37 3.05 

 

3.2 Wind Energy Models 
3.2.1 Wind Power Estimation and Analysis: In 

order to effectively utilize the energy available in 

the wind, an estimate of the wind energy must 

first be made from the wind speed data of the 

sites. This would then be used in the analysis of 

the viability or otherwise of exploiting the wind 

power derivable from such sites. 

The wind speeds v10 obtained from the 

meteorological station were measured at the 

standard height of 10 m. However, wind turbines 

rarely operate at this height. It is therefore 

necessary to extrapolate the values of wind speed 

vh at heights h higher than 10 m. To do this, the 

logarithmic power law (Iowa Wind Energy 

Centre, 2006) given below is usually used: 

 

 













10
10

h
vvh   ….  (1), 

Where, α is the roughness factor for the terrain 

under consideration. 

 

Now, the roughness factor recommended by 

Iowa Wind Energy Centre, (2006) for the type of 

region under consideration – which range from 

tall row crops, low to high woods with many 

trees, suburb, and small towns – is between 0.20 

and 0.30. However, African Wind Energy 

Association, (2004) warns that the use of the 

logarithmic power law under African climate 

conditions can produce misleading results and 

therefore only very conservative value of 0.25 

has been assumed for this study. 

Using α = 0.25 in equation (1) and values of the 

mean monthly and yearly wind speeds for the 

five stations, the wind speeds were extrapolated 

to some standard wind turbine hub heights of 30 

m in steps of 10m to 80 m. The results for the 

mean yearly wind speeds at these heights are 

shown in Table 3 below. 

 

 Table 3: Values of extrapolated mean annual wind speeds from a height of 10 m 

 

Station 
Wind speed (m/s) 

v10 v30 v40 v50 v60 v70 v80 

Sokoto 3.73 4.92 5.28 5.58 5.85 6.07 6.28 

Kano 4.53 5.97 6.41 6.78 7.09 7.37 7.62 

Gusau 3.05 4.02 4.32 4.57 4.78 4.97 5.14 

 

Table 3 shows that the three stations, has wind 

speed regimes that can be economically fitted 

with wind turbines, having wind speeds above 

the typically cut-in speeds of 3.0 m/s for wind 

turbines, especially at a hub height of 80 m. 

3.2.2 Power Density at 10 m height: Also 

called specific power, the power density, is a 

useful way to evaluate the wind resource 

available at a potential site (American Wind 

Energy Association, 1998); it gives a measure of 

the wind energy available in the wind stream of 

cross-sectional area A (m
2
), when the wind speed 

is v (m/s). The specific power P (W/m
2
) is given 

by Bughuis (1990) and Fraenkel (1993): 

 

   
3

2

1
vPw   …  (2) 

 

Where ρ is the standard air density (1.225 kg/m
3
) 

and v  is the mean wind speed (m/s). 

 

Air density, however, is usually affected by 

elevation of the particular place, as well as by the 

temperature and weather fronts. Hence, the 

values obtained from equation (2) would be 

slightly higher than are actually the case if the 

variation of the air density is taken into account. 

There is therefore, the need to calculate for the 

corrected air densities and hence, power 

densities. The corrected air density   and the 

105 Adamu, A.A. and Abdullahi, I. (2011) 

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.102-111. 

 

 

 

corrected power density P10 (at 10 m height) are 

given by Shata and Hanitsch (2006) as follows: 

 

 
TR

P

d

   …  (3), and 

 

 
3

10
2

1
vP    …  (4) 

 

Where, P , T , and Rd are, respectively, the 

mean monthly air pressure (N/m
2
), mean 

monthly temperature (K), and the gas constant 

for dry air (287 J/kgK). 

 

Equations (2), (3) and (4) were used to evaluate 

the values of the uncorrected (Pw) and the 

corrected power (P10) densities for the three 

stations. Table 3 shows the results. 

It is seen from Table 3 that significant 

differences exist between the values of Pw and 

those of P10 for the three stations considered. 

This can partly be attributed to the slight 

differences that also exist between the air 

densities of the stations and the standard air 

density. Hence, when dealing with wind data for 

this region, the effect of variation in air density 

with elevation must be put into consideration. 

However, there exists a strong linear relationship 

between the values of Pw and P10 for the stations. 

Values of Pw were plotted against those of P10 

using Microsoft Excell and the resulting 

relationship for Sokoto, Kano and Gusau are, 

respectively: 

 

0026.08472.010  wPP  … (5), 

1309.08682.010  wPP  ….. (6), and 

0301.08605.010  wPP  ….  (7). 

 

The correlation coefficient for each of the station 

was 0.9998. 

 

Table 4: Values of uncorrected and corrected power densities and local mean density for three 

selected stations 
 

Month 

Sokoto Kano Gusau 

Pw 

(W/m
2
) 

  

(kg/m
3
) 

P10 

(W/m
2
) 

Pw 

(W/m
2
) 

  

(kg/m
3
) 

P10 

(W/m
2
) 

Pw 

(W/m
2
) 

  

(kg/m
3
) 

P10 

(W/m
2
) 

JAN 56.81 1.0439 48.41 66.20 1.0683 57.73 36.61 1.0625 31.76 

FEB 53.39 1.0368 45.19 72.06 1.0710 63.00 28.12 1.0599 24.33 

MAR 36.15 1.0292 30.37 65.50 1.0645 56.92 30.77 1.0456 26.27 

APR 27.17 1.0253 22.74 68.02 1.0566 58.67 24.72 1.0478 21.14 

MAY 43.67 1.0281 36.65 78.26 1.0595 67.69 27.63 1.0475 23.63 

JUN 59.75 1.0371 50.58 102.09 1.0670 88.93 26.49 1.0566 22.85 

JUL 42.42 1.0412 36.06 64.41 1.0700 56.26 17.09 1.0599 14.79 

AUG 19.02 1.0411 16.17 43.78 1.0716 38.29 9.69 1.0620 8.40 

SEP 12.24 1.0467 10.45 39.00 1.0704 34.08 5.57 1.0615 4.82 

OCT 9.53 1.0402 8.09 30.03 1.0647 26.10 3.43 1.0599 2.97 

NOV 21.75 1.0439 18.53 30.86 1.0675 26.89 6.49 1.0605 5.62 

DEC 37.08 1.0458 31.66 53.01 1.0674 46.19 23.37 1.0633 20.29 

Annual 

Mean 31.91 1.0383 27.04 57.05 1.0665 49.67 17.45 1.0572 15.06 

 

3.2.3 Power density at standard hub heights: 

The power densities at the various typical turbine 

hubs (from 30 m to 80 m) for each location were 

calculated, using the mean monthly densities and 

the corresponding values of wind speed at the 

particular heights. The equation is: 

 

3

2

1

h
v

h
P     ….  (8), 

 

Where, hv  is the extrapolated value of wind 

speed at a height h. 

 

Table 4 shows the values of annual power 

densities obtained. It is seen that at any given 

height, Kano has almost twice the corresponding 

value of power density for Sokoto and is more 

than thrice the corresponding values obtained for 

Gusau. 
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 Table 5: Mean annual power densities at various hub heights 

 

Station 
Mean annual power density at selected hub heights (W/m

2
) 

P30 P40 P50 P60 P70 P80 

Sokoto 61.65 76.49 90.43 30.11 116.39 128.64 

Kano 113.23 140.50 166.09 190.43 213.77 236.29 

Gusau 34.33 42.60 50.36 57.74 64.81 71.64 

 

At this stage it can be said that the specific 

powers for these three sites are enough for 

establishing off-grid wind turbines for electricity 

generation. Without exception, they all can be 

used for water pumping application. Both Sokoto 

and Kano also show a good potential for grid-

connected wind farms. 

 

3.3 Methods 

3.3.1 Electricity generation from model wind 

turbines: Analysis is now carried out to assess 

the wind energy potential – with respect to wind-

electric energy generation – of the three sites 

(Sokoto, Kano, and Gusau), using three model 

wind turbines. The turbine models used are: 

Model 1: WinWinD (with Rotor diameter = 60 

m; cut-in speed = 3 m/s; Cut-out speed = 20 m/s; 

Rated power = 1000 kW); Model 2: Vestas V44 

600/44 Onshore (with Rotor diameter = 44 m; 

cut-in speed = 4 m/s; Cut-out speed = 20 m/s; 

Rated power = 600 kW); and Model 3: Vestas 

V80 2000/80 (with Rotor diameter = 80 m; cut-

in speed = 4 m/s; Cut-out speed = 25 m/s; Rated 

power = 2000 kW}. The calculations were 

carried out using the internet-based programme 

Wind Power Calculator (Danish Wind Industry 

Association, 2003a). 

The inputs for the calculator include mean 

temperature, altitude, wind speed v10 at a 

specified height (the annual wind speed at 10 m 

height was used), the Weibull scale parameter 

(the shape parameter was left as 2, making the 

distribution essentially Rayleigh’s), the 

roughness factor, wind turbine model, hub 

height, etc. The calculator automatically 

computes the mean pressure and air density for 

the altitude mean temperature of the site entered. 

The calculator programme then computes the 

wind speed at the specified hub height, specific 

power, power output, specific energy output per 

year, the energy output per year, capacity factor, 

power curve data, etc.  

3.3.2 Economics of Wind-Electric Power 

generation: The three models were used for 

economic analysis in this work. The first model 

is suited for the three stations of Sokoto, Kano 

and Gusau; and the later two models are suited 

for wind farm economics for Kano only. The 

internet-based programme, Wind Energy 
Economics Calculator (Danish Wind Industry 

Association, 2003b) was used for this purpose. 

The inputs for Model 2 are: mean life time of 

machine: 20 years; initial cost of machine: USD 

450,000.00; installation cost: 30% of initial cost; 

operation and maintenance costs: 1.5% of turbine 

price; interest rate: 17% per annum; energy sales 

rate: and unit cost: N 12/kW h = USD 0.093/kW 

h. 

3.3.3 Power Requirement: The 2008 power 

demand for Kano was obtained from NEPA 

(now PHCN), and is as follows: Industrial - 200 

MW; Residential - 275.7 MW; and Total - 475.7 

MW. 

3.3.4 Required Wind farm capacity and costs: 

Following the suggestion by American Wind 

Energy Association (2002) that to take advantage 

of economics of scale, wind farms should be of 

at least 20 MW capacity with at least 26 turbines 

and also following suggestions by Iowa Wind 

Energy Centre, (2006) that wind-electricity 

generating schemes should be sized to supply 

between 25 and 75% of total energy demand for 

economic viability, an estimate of the derivable 

power and the cost for wind packs for Kano is 

made. However, the estimate is made for 

between 25% and 5% for both total demand and 

for industrial power demand. This is expedient 

for showing various cost options, given the 

economic situation in the country today. 

 

4.0 RESULTS AND DISCUSSIONS 
 

4.1 Electricity generation and Output power 
Tables 6-8 present the result of the computations. 

It must be noted that the power densities given in 

these tables are much higher than their 

equivalent values given by Adamu and 

Abdullahi (2008). This is because the power 

equation used by later does not consider the 

normal variability of wind and the effect of this 

variability on the cube of the wind speed; the 

power equation should only be used for 

instantaneous or hourly wind speeds and not for 

long-term averages (Iowa Wind Energy Centre, 
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2006; Danish Wind Industry Association, 

2003c). On the other hand, the power calculator 

considers this variability and taking the wind 

speed, rightly to be long-term average. In fact, 

the calculator computes the values putting into 

consideration the probability distribution of the 

wind data, as well as the power curve of the 

model wind turbine.  

 

 

 

Table 6: Energy output from model turbines for Sokoto 

 

Model 

turbine 
Model 1 Model 2 Model 3 

Hub height 

(m) 
40 50 60 70 80 35 40 45 50 55 80 

Mean wind 

speed at hub 

height (m/s) 

5.1 5.4 5.5 5.7 5.8 5 5.1 5.3 5.4 5.5 
5.8 

 

Specific 

Power (input) 

(W/m
2
) 

142 162 179 195 209 132 142 153 162 171 
209 

 

Power output 

(W/m
2
) 

28 31 34 37 39 41 45 48 51 53 
74 

 

Energy output 

(kWh/m
2
 

year) 

245 272 298 324 342 359 394 421 447 465 
649 

 

Energy output 

(MWh/year) 
694 768 843 917 967 546 600 640 680 706 3260 

Cap. fact. (%) 
8 9 10 10 11 10 11 12 13 13 

19 

 

 

 

 

 

 

Table 7: Energy output from model turbines for Kano 
 

Model turbine Model 1 Model 2 Model 3 

Hub height (m) 40 50 60 70 80 35 40 45 50 55 80 

Mean wind 

speed at hub 

height (m/s) 

6.2 6.5 6.7 6.9 7.1 6.1 6.2 6.4 6.5 6.6 7.1 

Specific Power 

(input) (W/m
2
) 

256 291 322 350 375 234 253 271 288 304 371 

Power output 

(W/m
2
) 

46 50 54 57 59 69 74 78 82 85 113 

Energy output 

(kWh/m
2
 year) 

403 438 473 500 517 605 649 684 719 745 991 

Energy output 

(MWh/year) 
1140 1239 1338 1413 1462 920 986 1040 1093 1133 4979 

Cap. fact(%) 13 14 15 16 17 17 19 20 21 22 28 
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Table 8: Energy output from model turbines for Gusau 

 

Model 

turbine 
Model 1 Model 2 Model 3 

Hub height 

(m) 
40 50 60 70 80 35 40 45 50 55 80 

Mean wind 

speed at hub 

height (m/s) 

4.2 4.4 4.5 4.7 4.8 4.1 4.2 4.3 4.4 4.5 4.8 

Specific 

Power (input) 

(W/m
2
) 

81 92 102 111 119 71 77 83 88 93 114 

Power output 

(W/m
2
) 

16 18 20 22 24 20 22 24 26 28 43 

Energy output 

(kWh/m
2
 

year) 

140 158 175 193 210 175 193 210 228 245 377 

Energy output 

(MWh/year) 
397 446 496 545 595 267 293 320 347 373 1895 

Cap.fact. (%) 5 5 6 6 7 5 6 6 7 7 11 

 

4.2 Total Energy production and Capacity 

factor 

It is seen that the annual energy production by 

Vestas V80 is highest for the three stations 

considered, with Kano having the best energy 

potential from the three models. This is followed 

by Sokoto. Infact, from the wind power density 

values, Kano wind speed regime at the hub 

heights fall in class 5 – which means the site 

could be utilized for large-scale wind plants 

(American Wind Energy Association, 1998). 

Sokoto’s wind power lies in class 4 for only 

heights of 80 m or more and could also therefore 

be utilized for wind power plants at that height. 

However, the power density values for Gusau 

only attains class 1 at hub heights of 70 m and 

above and therefore is only fit for stand-alone, 

off-grid applications. Kano also has the highest 

mean annual energy production for the three 

models (1292, 1034, and 4979 MWh/year, 

respectively). This is followed by Sokoto (821, 

634, and 3260 MWh/year, respectively), with 

Gusau having the least (481, 320, and 1894 

MWh/year, respectively). The power curves for 

the three models for the wind distributions 

considered are shown in Figure 1. 
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The mean capacity factors also follow the same 

pattern as the annual energy production: Kano: 

(15, 20, and 28%, respectively); Sokoto: (9, 12, 

and 19%, respectively); and Gusau: (6, 6, and 
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11%, respectively). For Kano, the best model 

turbine (among those used for this work) is the 

model 3: its capacity factor is a reasonable one 

(American Wind Energy Association, 1998) and 

it compares well with some places in Africa 

(African Wind Energy Association, 2004); 

Model 2 may also serve very well; to a lesser 

extent, the same arguments go for Sokoto. For 

Gusau, the best model will be Model 2, since it is 

suggested (Danish Wind Industry Association, 

2003d) that a low-capacity-factor machine is best 

suited to sites with lower wind speed regimes. 

Finally, Kano wind speed regimes at heights of 

40 m and above situates the site for wind farm 

since it has annual mean wind speeds at these 

heights greater than 5 m/s (American Wind 

Energy Assocition, 2002). 

4.3 Wind Energy Economics 

The result for Model 2 can be summarized as 

follows: Payback period = 4 years and five 

months; Income = $139500/year;  Annual 

operating cost = $6750; Total initial cost = 

$585000; Annual energy cost savings = 

$139500; The net present value and internal rate 

of return under 17% per annum real interest rate 

are $162086.11 (= N20, 909,108.19) and 22.29% 

per annum, respectively.  

4.4 Wind Farm Energy and Economics 

The results for Model 3 are shown in Tables 9 

and 10. The payback period and the internal rate 

of return are the same in all cases and are, 

respectively, 6 years and 10 months and 13.51% 

for total energy demand. The estimation is based 

on Model 3: Vestas V80 2000/80. 

 

Table 9: Required units and available power for total energy demand of Kano 

 

% of 

total 

demand 

Obtainable 

power 

(MW) 

Number 

of units 

required 

Total 

price* 

(M 

US$) 

Available 

MWhr 

from the 

units 

Total 

initial 

cost 

(M 

US$) 

Operating 

cost/yr 

(M US$) 

Income or 

Energy 

cost 

savings/yr 

(M US$) 

Net present 

value (M 

US$) at 

17% p.a. 

real interest 

rate 

 

25 118.93 60 135 298740 175.5 2.03 27.78 30.54 

20 95.14 48 108 238992 140.4 1.62 22.23 24.43 

15 71.36 36 81 179244 105.3 1.22 16.67 18.32 

10 47.57 24 54 119496 70.2 0.81 11.11 12.22 

5 23.79 12 27 59748 35.1 0.41 5.56 6.11 

*2008 prices 

 

Table 10: Required units and available power for industrial energy demand of Kano 

 

% of 

total 

demand 

Obtainable 

power 

(MW) 

Number 

of units 

required 

Total 

price* 

(M 

US$) 

Available 

MWhr 

from the 

units 

Total 

initial 

cost 

(M 

US$) 

Operating 

cost/yr 

(M US$) 

Income or 

Energy 

cost 

savings/yr 

(M US$) 

Net present 

value (M 

US$) at 

17% p.a. 

real interest 

rate 

25 50 25 56.25 124475 73.13 0.84 11.58 12.73 

20 40 20 45.00 99580 58.5 0.68 9.26 10.18 

15 30 15 33.75 74685 43.88 0.51 6.95 7.64 

10 20 10 22.50 49790 29.25 0.34 4.63 5.09 

5 10 5 11.25 24895 14.63 0.17 2.32 2.55 

*2008 prices 

 

5.0 CONCLUSION 

 
Using model wind turbines (WinWinD, Vestas 

V44 600/44, and Vestas V80 2000/80 onshore), 

wind energy utilization parameters like specific 

power input/output, energy output, and capacity 

factor were estimated using the Wind Power 
Calculator for Sokoto, Kano, and Kaduna that 

showed reasonable wind energy potentials in an 

earlier study (Adamu and Abdullahi, 2008). The 

analysis showed that Kano’s wind speed regime 

at the hub heights fall in class 5 and thus the site 

could be utilized for large-scale wind plants. 

Sokoto’s wind power lies in class 4 for only 
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heights of 80 m or more and could also therefore 

be utilized for wind power plants at that height. 

However, the power density values for Gusau 

only attains class 1 at hub heights of 70 m and 

above and therefore is only fit for stand-alone, 

off-grid applications. 

Kano has the highest mean annual energy 

production for the three models (1292, 1034, and 

4979 MWh/year, respectively). This is followed 

by Sokoto (821, 634, and 3260 MWh/year, 

respectively), with Gusau having the least (481, 

320, and 1894 MWh/year, respectively). The 

mean capacity factors also follow the same 

pattern as the annual energy production, at 80m 

height, Kano: 28%; Sokoto: 19%; and Gusau: 

11%. 

Using the internet-based Wind Energy 
Economics Calculator, and the model Vestas 

V44 600/44 with a rated power of 600kW 

economic analysis for three stations of Sokoto, 

Kano and Gusau were made. With a wind turbine 

price of USD 450 000 (N58,050,000), a total 

investment of $585 000 (N75,465,000), 17% per 

annum real interest rate, an annual operating cost 

of $6750 (N87,0750) and unit cost of $ 

0.093/kWh (N 12/kWh), the Payback period was 

obtained to be 4 years and five months; annual 

energy cost savings of $139500 (N17,995,500); a 

net present value of $162086.11 ( N20, 

909,108.19); and internal rate of return of 22.3% 

per annum. 

Using Vestas V80 2000/80 as a Model Wind 

turbine and based on 25% of total power demand 

for Kano, a wind farm scheme shows good 

promise; capable of yielding about 118.93 MW 

from an available 298,740 MWh with 60 units, at 

total initial cost of US $175.5 million, an annual 

income of about US $27.78 million, a net present 

value at 13.51% p.a. real rate of return of US 

$30.54 million and a payback period of about 7 

years for a real interest rate of 17% p. a. The 

respective figures for 25% of industrial power 

demand for Kano are: 50 MW, 124475 MWh, 60 

units, US $73.13 million, US $11.58 million; a 

net present value at 13.51% p.a. real rate of 

return of US $12.73 million for the same 

payback period and  real interest rate. 

It is thus recommended that Kano, Sokoto and 

Zamfara state governments, should consider 

wind-electricity generation to meet part of their 

energy demand and also use same to resuscitate 

their declining industries, particularly those of 

Kano. 
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