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ABSTRACT 

 
The wind speed regimes of Yelwa, Sokoto, Kano, Kaduna, and Gusau in Northwestern 
Nigeria were assessed for their wind energy potential at heights of between 30m and 80m 

using the ReliaSoft Weibull++ 7 software and the Wind Power Calculator. Only three 

stations (Sokoto, Kano, and Gusau) show very reasonable potential at these heights. The least 
values of annual energy output obtained at these heights for these three stations were: Kano- 

4979 MWh at 28% capacity factor (cf), 1413 MWh at 16% cf and 1093 MWh at 21% cf; 
Sokoto - 3260 MWh at 19% cf, 917 MWh, at 10% cf and 680 MWh at 13% cf; and Gausau - 

1895 MWh at 11% cf, 545 MWh at 6% cf, and 347 MWh at 7% cf. The cost analysis showed 

least values of net present value and internal rate of return under 17% per annum real 
interest rate of $162086.11 (N20, 909,108.19) and 22.29% per annum, respectively at a cost 

of $0.093/kWh (N 12/kWh). 

 

SIGNIFICANCE: Most past work on this 

subject matter analyses wind data at the base 

height of 10 m – a height very much below the 

height where most modern wind generators 

operate. This study is an improvement of earlier 

ones by basing analysis on standard wind turbine 

hub heights of between 30 and 80 m. Further, 

this study significantly highlights the energy 

potential from a renewable source for North-

Western Nigeria. 

 

KEYWORDS: Weibull distribution, Roughness 

factor; Power density, capacity factor. 

 

1.0 INTRODUCTION 

 

1.1 Background 
Within the last decade or so the Nigerian energy 

situation has worsened with incessant fuel price 

increase occasioned by the global increase in 

price regimes of fossil fuels, with crude oil prices 

hitting $100 per barrel. Further, electricity 

generation both by fossil fuel and hydropower 

has degenerated largely due to decayed power-

generation infrastructure. This is in spite of huge 

sums of money invested in the sector – in the last 

eight years about $10 billion was spent to 

revamp the ailing power sector without any 

tangible results (Daily Trust Newspaper, 2008). 

Consequently, this situation 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. 

This work highlights the vast wind energy 

potentials of some regions of north-western 

Nigeria, particularly those with huge industrial 

base like Kano and Kaduna. The wind data used 

were for five (out of seven Northwestern states). 

Nigeria is comprised of six geopolitical zones: 

Northwest, Northeast North-central, Southwest, 

Southeast, and South-south. The Northwestern 

geopolitical zone is made up of seven states, 

namely, Kaduna, Kano, Jigawa, Kebbi, Sokoto, 

Katsina, and Zamfara states, and largely lies in 

the savannah zone.  

1.2 The Wind Data 
Average monthly wind speeds spanning a period 

of time (usually one year) usually constitute the 

primary wind data for a station of interest. The 

data can be obtained from weather stations or 

from meteorological stations like the Nigeria 

Meteorological Agency (NIMET), Lagos. Most 

of the data obtained this way are usually at 10 m 

height and so need to be extrapolated to higher 

heights. 

1.3 Physical Features of the Region 

The physical features in terms of the elevation, 

the latitude and longitude of the sampled places 

are shown in Table 1 below. The features are 

typical of the region under discussion, with the 

general elevation lying in the intermediate 
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stratum (between 100 m and 1000 m above sea level), which is a variable shearing stress region. 

 

Table 1: Physical features of the sampled stations 

 

Station 

Coordinates 
Elevation 

Latitude, N Longitude, E 

(Deg) (Min) (Deg) (Min) (m) 

Yelwa 10 53 04 45 243.8 

Sokoto 12 01 05 15 350.5 

Kano 12 03 08 32 472.1 

Kaduna 10 36 07 27 644.9 

Gusau 12 10 06 42 463.6 

 

1.4 Distributions of the Wind Data 

The frequency distribution of a set of wind data 

provides an insight into how frequently any 

particular range of wind speeds is available 

during the month or year. Wind, by nature, is 

highly unpredictable and as such a very good 

statistical method of analysis must be applied to 

effectively predict its occurrence and estimation 

of its energy potential. The Weibull distribution 

was largely employed for this analysis. This 

distribution is most commonly used to describe 

wind speed distributions as the natural 

distribution often matches the Weibull shape 

(Danish Wind Industry Association, 2003). 

1.5 The Distribution Parameters 

The Weibull distribution is a continuous 

probability distribution with the probability 

density function (PDF):  
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Where, k is the dimensionless shape parameter 

and c is the scale parameter in m/s. 

 

1.6 The Frequency distributions 

Having obtained the primary wind data, the next 

step in the analysis is usually to fit it into a most 

suitable probability distribution, and 

consequently to also determine the correlation 

coefficient, ρ, which gives a measure of how well 

the chosen distribution fits the data. The Weibull 

probability distribution is the most commonly 

used because of its versatility in predicting 

stochastic data and estimating reliability. In 

addition to obtaining the probability density 

function of the fitted data, good analysis also 

demands that a plot of cumulative density 

function (CDF) be made. From the CDF, the 

probability estimates were obtained, i.e. the 

probability for the wind speed to lie within a 

certain range for a given region. 

1.7 Probability Estimation 
The cumulative distribution function completely 

describes the probability distribution (Walpole et 

al., 2007) of a real-valued random variable V 

(wind speed in this case). For every real number 

v, the cdf of V is given by: 

 

)()( vVPVF    …  (2) 

 

Where the right-hand side represents the 

probability that the random variable V takes on a 

value less than or equal to v. 

 

The Weibull CDF is given by: 
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Now, most wind turbines operate at a cut-in 

speed of about 3.0 m/s or more. Therefore, for 

the wind speed distributions of the various 

stations, the probability that the wind speed 

would be greater than 3.0 m/s was estimated 

using equation (3) in the following way: 
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1.8 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. 

1.9 Wind speed at various standard heights 
The wind speeds v10 obtained from the 

meteorological station are usually 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 

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

 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.6 NO.1&2, pp.93-101. 

 

  

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: 
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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. 

1.10 Power Density 

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 Brughuis (1990) and Fraenkel (1993): 

 

 3

2

1
vPw   …    (6) 

 

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 (6) 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 corrected 

power density P10 (at 10 m height) are given by 

Shata and Hanitsch (2005) as follows: 
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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/kg K). 

 

 

2.0 MATERIALS AND METHODS 

 
2.1 The Wind Data 

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 Yelwa (Kebbi 

State), Sokoto (Sokoto State), Kano (Kano 

State), Kaduna (Kaduna State), and Gusau 

(Zamfara State). 

2.2 Distributions of the Wind Data 

The Weibull distribution was largely employed 

for this analysis; it is one of the two most 

commonly used to describe wind speed 

distributions as the natural distribution often 

matches the Weibull shape.  

2.3 The Distribution Parameters 
In order to determine the probability density 

function PDF, using the Weibull distribution, the 

parameters k and c, as well as the correlation 

coefficient ρ, were first determined for each 

station on mean monthly wind speed basis, using 

the Rank Regression on Y as itemized by 

RaliaSoft Corporation, (2006). The complex 

computations were carried out using MS Excel. 

Table 3 gives the values of k and c as well as ρ 

obtained this way. An evaluation copy of the 

ReliaSoft Weibull++ 7 software, was also used in 

this work for validation and it readily, provided 

these parameters in addition to other information. 

2.4 Wind speed at various standard heights 

Using α = 0.25 in equation (5) 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 

between 30 m and 80 m. The results for the mean 

yearly wind speeds at these heights are shown in 

Table 5. 

2.5 Power density at standard hub heights 

The power densities at 10 m and at various 

typical turbine hubs (from 30 m to 80 m) for 

each location were calculated (based on the mean 

monthly densities and the corresponding values 

of wind speed at the particular heights) using the 

equation: 
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Where, hv  is the extrapolated value of wind 

speed at a height h. 

 

3.0 RESULTS AND ANALYSIS 

 
3.1 Mean Monthly and Annual Wind speed 

Variations 
The mean monthly and mean annual wind speeds 

at a height of 10 m above ground level are 

depicted in Figures 1 and 2. The averaged data 

shows that Yelwa has the lowest mean monthly 

wind speed (1.68 m/s to 2.40 m/s), with an 

annual mean of 1.93 m/s; followed by Kaduna, 

with mean monthly values from 1.40 m/s to 3.44 

m/s and mean annual value of 2.49 m/s; and 

Gusau has the corresponding values of 1.78 m/s 

to 3.91 m/s and 3.05 m/s. More moderate wind 

speeds are to be found for Sokoto with mean 

monthly values lying between 2.50 and 4.60 m/s 

and an annual value of 3.73 m/s; and Kano with 

the highest corresponding values of 3.66, 5.50 

m/s and 4.53 m/s respectively.  

Clearly this shows that at this standard height of 

10 m these sites fall in wind power density class 

of 2 and below. This does not however, rule out 

all the stations from being utilized for large scale 

wind plants as the wind speeds would be higher 

at other standard heights (50 m and above). In 

spite of this, stand-alone, non-connected 

electrical and mechanical applications such as 

battery charging and water pumping wind power 

plants, (American Wind Energy Association, 

1998), could still be utilized in Sokoto, Kano, 

and Gusau with mean annual wind speeds greater 

than 3.0 m/s. 

Figure 1 shows the variation of mean wind speed 

through the months of the year for the five 

locations considered and it is seen that largely, 

Kano has the highest monthly average, reaching 

its peak values from January to July; this is 

followed by Sokoto with high values also from 

January to July – this makes Kano and Sokoto 

unique among the sites since this is an indication 

that they have comparatively higher wind speeds 

(of approximately 4 m/s and above) spanning 

longer durations during the year than any of the 

other four sites. These two sites are then 

followed (in terms of magnitude of wind speed) 

by Gusau, Kaduna, and Yelwa. This gradation is 

buttressed by figure 2 which compares the mean 

annual wind speed of the various sites. 

 

Fig. 1: Mean monthly wind speed variation for he selected sites.
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Fig. 2: Mean annual wind speeds of the sites.
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3.2 The Weibull Distribution Parameters 
Table 2 gives the scale factor c (m/s), the shape 

factor k, and the correlation coefficient ρ, to the 

various stations. The higher figures of k show 

that the frequency of occurrence of wind in that 

regime is high (i.e. for k > 1), MathPages, 

(2009). Thus, Kano, Yelwa, and Sokoto have 

particularly high frequency of occurrence of 

wind, while Kaduna and Gusau has only 

moderate values of occurrence. On the other 

hand, MathPages, (2009), the scale factor c, is a 

measure of the magnitude of the wind regimes at 

which the rate of occurrence takes place. So, for 

Yelwa, with high value of k and low value of c, 

this means that even though there is a high rate 

of occurrence of wind, this takes place at low 

values; for Sokoto and Kano the high rates of 

occurrences take place at higher wind speeds 

compared to Yelwa; for Gusau, the moderate rate 

of occurrence of wind takes place at moderate 

wind speeds; and even though Kaduna also has a 

moderate rate of occurrence of wind, this takes 

place only at low wind speed regimes. 

 

 

 

Table 2: Weibull distribution parameters for the studied sites. 
 

Station Shape factor, k Scale factor, c (m/s) Correlation 

coefficient, ρ 

Yelwa 6.17 2.04 0.89 

Sokoto 5.58 4.04 0.99 

Kano 8.71 4.78 0.97 

Kaduna 4.25 2.74 0.99 

Gusau 4.17 3.37 0.96 

 

3.3 The Frequency Distribution and 

Probability estimation 
Figure 3 shows the plots of the Weibull 

probability density function of the various 

stations as plotted by the ReliaSoft Weibull++ 7, 

while Figure 4 shows the corresponding Weibull 

cumulative density function (cdf) by the same 

software. It is seen from the Figures and the 

values of correlation coefficient, ρ in Table 3, 

that the Weibull distribution gives a very good fit 

for the wind data of the various sites under 

consideration. 
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Re l ia So ft We ibu l l++ 7  - www.Re l ia So ft.com

Fig. 4: Weibull cdf for the various stations
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Figure 3: Probability Density Function for the various stations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using equation (4), the probability that at any 

time the wind speed at a site is greater than 3.0 

m/s for each of the stations was obtained and the 

results are given in Table 3. It is clear from Table 

3 that at the height of 10 m above ground level, 

only three stations have any significant 

probability distribution where the wind speed is 

greater than 3.0 m/s. These stations, in order of 

decreasing probability distributions, are Kano, 

Sokoto and Gusau. The probability that the wind 

speed would be greater than this value is 

virtually nonexistent for Yelwa, while for 

Kaduna, it is less than a modest value of 0.5.  
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Table 3: Probability that v>3.0 m/s 
 

Station K C P(V>3) 

Yelwa 6.17 2.04 0.00 

Sokoto 5.58 4.046 0.83 

Kano 8.71 4.78 0.98 

Kaduna 4.25 2.74 0.23 

Gusau 4.173 3.374 0.54 

 

 

 

3.4 Wind Power Estimation and Analysis 
Using α = 0.25 in equation (5) and values of the 

mean monthly and yearly wind speeds for the 

five stations, the wind speeds extrapolated to 

some standard wind turbine hub heights of 

between 30 m and 80 m were obtained. The 

results for the mean yearly wind speeds at these 

heights are shown in Table 4 below. 

 

 Table 4: Extrapolated wind speeds at 30 – 80 m heights 
 

Station 
Wind speed (m/s) 

v10 v30 v40 v50 v60 v70 v80 

Yelwa 1.93 2.54 2.73 2.89 3.02 3.14 3.25 

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 

Kaduna 2.49 3.28 3.52 3.73 3.90 4.05 4.19 

Gusau 3.05 4.02 4.32 4.57 4.78 4.97 5.14 

 

It is seen from Table 5 that even at a height of 80 

m, the mean annual wind speed of Yelwa (3.25 

m/s) is about the cut-in speed of many wind 

turbines and though Kaduna has about 4.19 m/s, 

a wind turbine in this wind speed regime will not 

work most of the time American Wind Energy 

Association, (1998). Coupled with the size of the 

hub height, the cost of setting up a wind turbine 

in these two stations cannot be justified. 

However, the wind speed regimes for these sites 

could still be utilized for other applications such 

as water pumping (Fraenkel, 1993). The other 

three stations (Sokoto, Kano, and Gusau) on the 

other hand, have wind speed regimes that can be 

economically fitted with wind turbines. 

 

Table 5: 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 
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3.5 Power Density at 10 m height 
Equations (6), (7) and (8) were used to evaluate 

the values of the uncorrected (Pw) and the 

corrected power densities (P10) for the three 

stations with highest values of mean wind speed 

regimes, namely, Sokoto, Kano, and Gusau 

(Table 5). It is seen from Table 5 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  …  (10), 

1309.08682.010  wPP  …  (11), and 

0301.08605.010  wPP …  (12). 

 

The correlation coefficient for each of the station 

was 0.9998, which shows a very strong linear 

relationship between values of P10 and 

corresponding values of Pw. This means that 

estimations are very good. 

 

4.6 Power density at standard hub heights 

Table 6 shows the values of annual power 

densities obtained at hub heights of 30 – 80 m. 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. At this 

stage it can be said that the specific powers for 

these three sites are sufficient for establishing 

off-grid wind turbines for electricity generation 

as suggested by the American Wind Energy 

Association (1998). Without exception, they all 

can be used for water pumping application. Both 

Sokoto and Kano also show a good potential for 

wind farms. Kano especially has the potential for 

a grid-connected wind farms. 

 

 

Table 6: 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 

 

 

5.0 CONCLUSION 

 
Of the five sites assessed in Northwestern 

Nigeria, only three (Sokoto, Kano, and Gusau) 

have wind speed regimes with appreciable 

potential for wind energy application. At 10 m 

height, the mean annual wind speeds for these 

stations are 3.73, 4.53, and 3.05 m/s, 

respectively. Yelwa and Kaduna has very low 

annual mean wind speeds of less than 2.5 m/s. 

The wind data for all these places were fitted 

with Weibull distribution using both manual 

calculations and the ReliaSoft Weibull++ 7 

Software, and the correlation coefficients for the 

various places were 0.96 or more, except for 

Yelwa with 0.89. Also, using the Weibull 

cumulative density function, the probability that 

the wind speed would be greater than 3 m/s 

(being a typical value of cut-in speed of many 

wind turbines) was estimated to be 0.83, 0.98, 

and 0.54 for Sokoto, Kano, and Kaduna, 

respectively. Yelwa and Kaduna have 0.00, and 

0.23, respectively, which rules them out of any 

major wind energy applications, American Wind 

Energy Association, (1998). 

The wind speed regimes for these sites were also 

extrapolated at various heights above 10m (from 

30m to 80m), using a conservative roughness 

factor of 0.25. Even at these heights, the wind 

speeds for Yelwa and Kaduna were still too low 

for any reasonable economic of wind energy 

utilization. On the other hand, Sokoto, Kano, and 

Gusau show wind speed regimes that can be 

economically fitted with wind turbines at many 

of these heights, American Wind Energy 

Association, (1998). 

Analysis of the wind speed data further shows 

that when dealing with wind data for this region, 

the effect of variation in air density with 

elevation must be put into consideration, as the 

significant differences in the uncorrected and 

corrected values of power densities show. 
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