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ABSTRACT 
In the present study, the wind energy potential evaluation of some selected towns in the North East of Nigeria were 

statistically analyzed based on Weibull and Rayleigh Models using sixteen (16) years mean monthly wind speed data 

covering the period of 1997-2012. The result shows that Rayleigh is the best fit model that describes the wind speed data at 

10m height above the sea level. However, Weibull model was found to present the actual probability of the wind speed data 

for all the locations as a comprehensive study for wind power. Hence, the Weibull model is recommended for the region 

.The study also shows that North-East Nigeria has potential for energy generation with highest power density of 59.96W/m2 

found to be in Maiduguri, Borno state.  

KEYWORDS: Wind Energy, Weibull, Rayleigh, Statistical Analysis, Power and Energy Densities. 

1.0 INTRODUCTION   

Energy plays an important role in all aspect of human 

endeavour and is required for both urban and rural 

needs to cater for the basic necessities of life. 

Wind energy is currently the most economic renewal 

energy apart from hydropower, its usage versatility 

and ability to use it as a decentralized energy form  

make its applications possible in rural areas where it 

is technically  and economically feasible in the 

country. The major challenge to using wind as a 

source of electricity generation is that, wind is 

intermittent and it does not always blow when 

electricity is needed. However, wind power is one of 

the most promising and cost effective renewable 

energy sources (Aliyu et. al, 2007). 

Wind energy has been established as the world fastest 

growing energy source today. It grows at an average 

of 30% annually over the past five years and the 

market could reach 60,000 MW worldwide in the 

next five years (AWEA, 2002). A total of 6500MW 

of wind energy generating capacity was added to grid 

worldwide in 2001 bringing a total wind power 

capacity in the world to 24000MW. This is enough to 

meet the energy needs of more than 10 million 

households. Europe installed 4500MW during 2001, 

India passed 1500MW of the total installed wind 

power capacity in 2001(AWEA, 2002). 

Nigeria is subject to the seasonal rain, bearing south-

Westerly’s, which blows strongly from April to 

October and to the dry and dusty North East trade 

wind which blows strongly from November to March 

every year. Most areas sometime experience some 

period of doldrums in between these periods. In 

Nigeria, wind energy reserves at 10m height shows 

that, some sites have wind regime between 1.0 to 

5.1m/s (Aliyu et, al, 2007). 

Energy supply in Nigeria is a major problem for both 

large and small scale purposes. It can be recalled that, 

past regimes planned the executions of multiple 

gigantic power sector capital project centered at 

building additional power plants and rehabilitations 

of the existing ones, including the transmission, 

distribution, infrastructures and networks. These 

power projects and programs were collectively 

termed as National Integrated Power Project (NIPPS) 

and Independent Power Project (IPPS). Billions of 

Naira was spend on these projects, even till date, the 

present administration is still spending huge sum of 

money on electricity generation, yet the power sector 

today is worse off than the past administrations. 

Highly centralized production and distribution units 

have not equally distributed, thus becomes 

inadequate in meeting the economic needs of both 

urban and rural populace in Nigeria. With respect to 

this problem, solar and wind energy are some of the 

alternative sources of energy that can be exploit to 

meet some of the needs populace, since Nigeria has a 

theoretical wind energy potential for standalone 

utilization. The first wind electricity conversion 

system was commissioned in Sayya-Gidan-Gaya, 

Sokoto state Nigeria, having an installed capacity of 

5kW in 1998 by the energy commission of Nigeria 

(Sambo, 2005). It is therefore necessary to evaluate 

the wind regimes in the country, assess the potential 

of wind and installing wind energy conversion 

systems for the generation of electricity. 

Several researches were carried out by researchers in 

order to assess the wind energy potential in Nigeria. 

Aliyu et al, (2007), in their study considered 15 years 

(1986-2000) for some selected towns in the North 

Central Nigeria (Niger, Plateau and Benue) were 

statistically analyzed to evaluate wind power density 

based on the Weibull and Rayleigh Models, which 

they found out that, Raleigh returns a high power 

density than Weibull and the highest power density 

was 135.84W/m
2
 in Jos in the month of February. 

Ojosu and Salawu (1990), presents a statistical and 

cost benefit analysis of wind energy availability in 

different parts of the country, 15 years monthly 

averages (1968-1983) were used. In their analysis, he 

used Weibull distribution methods for all the stations.  

In this presentation, 16 years (1997-2012) monthly 

mean wind speed data were obtained from Nigerian 

Meteorological Agency (NIMET) Oshodi Lagos for 

some selected towns in the North East Nigeria (Yola, 

Maiduguri, Bauchi and Potiskum) were statistically 

analyzed to evaluate wind power density based on the 

Weibull and Rayleigh Models. 

2.0  MATERIAL AND METHOD  

In this study, the statistical analysis of wind speed 

and power density availability in selected state of 

North East Nigeria was investigated. Sixteen years 

monthly mean wind speed (1997-2012) were 

obtained from the Nigerian Meteorological agency 

(NIMET) Oshodi at the height of 10m. 
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Table 1: Shows the geographical Data of the Locations. 

 
2.1 Data Collection and Analysis  

1. The wind speed data were obtained from 

Nigeria meteorological Agency Oshodi. The 

wind speed data obtained are for sixteen 

years (1997-2012) at a height of 10m from 

the ground surface. 

2. The data were averaged monthly wind speed 

over a period of sixteen years. 

3. The probability distribution functions of the 

wind speed and the duration function were 

calculated. 

4. Mean monthly values of wind speed were 

used for the calculation of Weibull 

distribution parameter C, σ and K. 

5. Mean monthly values of wind speed were 

used to calculate wind energy and power 

densities. 

2.2 Theoretical Analysis of Wind Data   

In order to determine the wind energy potential of 

any site, it is important to drive the expected 

probability distribution of the sites wind speed (Dias, 

1981). In this aspect, much attention has been given 

to the Weibull function, which gives a good march 

with the experimented data (Poje and chividini, 

1988). The wind speed probability distribution is 

essential in wind energy studies. Several formulae 

relating wind speed to assessing wind energy density 

and power density for some locations have been used. 

For this study, the following formulae were used. 

2.3 Monthly Average Wind Speed and Standard 

Deviation 

The monthly average wind speed (Vm) and the 

standard deviation (σ) were obtained, using equations 

1 and 2. 
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Where, 
N is the number of years considered 

Vi is the wind speed value of each months (ms-1) 

Vm is the mean wind speed (ms-1) 

σ is the standard deviation. 

2.4 Wind Speed Probability Distributions 

The wind speed data in time series format is usually 

arranged in the frequency distribution format since it 

is more convenient for statistical analysis. Therefore, 

the available time series data were transacted into 

frequency distribution format. 

The wind distributions and the functions representing 

them mathematically are the main tools used in the 

wind related literature. Their use includes wide range 

of applications, from the techniques used to identify 

the parameters of the distribution function (Asok, 

1991) to the use of such functions for analyzing the 

wind speed data and wind energy economics. Two of 

the commonly used functions for fitting a measured 

wind probability distribution in a given location over 

a certain period of time are the Weibull and Rayleigh. 

The Weibull distribution Fw(Vj) and the Rayleigh 

probability density function FR(Vj) were obtained, 

using equations (3) and (4) 
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There are several methods presented in the literature 

to identify the parameters of Weibull function, such 

as the scale factor (C) and the shape factor (K). 

However, for this study the following equations were 

used to evaluate (C) and (K). 
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The number of hours in a year )( )(vT is given by  
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2.5 Power and Energy Density Distributions  

The power in the wind is equal to the energy per unit 

time. The energy available is the kinetic energy of the 

wind. The power density (P(v)) and energy density 

(E(v)) of the wind, which are the energy of the wind 

per unit area (Makundi,2006) refer to equations (8) 

and (9). 
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Where  

t is the number of hours in a month  

ℓ is the density of air and assumed to be 1.225kg/m
3
 

in the study (Rai, 2004) and (Rao and Parulekar, 

2004). 

3.0 RESULT AND DISCUSSION  

The surface wind characteristics and the statistical 

analysis of the wind speed data in the four locations 

were carried out. The results obtained and the 

discussion is presented below.  

Refer to tables 2, 3, 4, 5, 6, 7, 8 and 9 shows the 

summary of the average wind speed Vm(ms
-1
) and the 

standard deviation(σ), the summary of average scale 

factors C(ms
-1
) and shape factor K, the monthly mean 

maximum and minimum values of the wind speed  

(ms
-1
), the frequency probability distribution for the 

month of January for Yola, the monthly energy and 

power densities for each month of the year, the 

correlation coefficient values for all the locations, the 

summary of the best fit probability distribution 

models and  the yearly average power and energy 

densities for all the locations respectively. 

Refer to figures 1, 2, 3, 4, 5, 6 and 7 shows the 

graphical representations of the mean wind speed 

distribution, monthly mean power density, monthly 

mean energy density for the four locations, 

correlations coefficient, Rayleigh and Weibull for 

Yola, Maiduguri, Bauchi and Potiskum respectively. 
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Table 2: Shows the summary of an average wind speed Vm [ms-1] and standard deviation σ for the monthly 

distributional parameters for all the sites. 

 

 
Table 3: Shows the summary of average scale factor C (ms-1) and shape factor K for the monthly distributional 

parameters of all the sites. 

 
Table 4: Shows the monthly maximum and 

minimum values of wind speed (ms-1) for all the sites 

and months of their  

occurrences. 

Table 5: Shows the frequency probability distribution 

for January for Yola which the same pattern of table 

was done for various sites each month i.e January to 

December. 

 

 
Table 6: Energy and Power Densities Values 
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Table 7: Correlation coefficient values of Rayleigh and Weibull models (W and R indicates Weibull and Rayleigh 

respectively) 
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Table 8:  Summary of Best fit Probability Distribution Model. 

 
Table 9: Annual Average Power and Energy Densities. 
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3.1 Wind Speed Characteristics  

It can be deduce with reference to table 2 that, the 

highest average wind speed occurred in March 

(9.97ms
-1
) in Maiduguri while the lowest average 

wind speed occurred in November (2.52ms
-1
) in 

Yola. The average scale factor C (ms
-1
) varies 

between 2.82ms
-1
 in Yola and 10.86ms

-1
 in 

Maiduguri while the shape factor K ranges from 3.12 

in Yola to 10.20 in Maiduguri with reference to table 

3. 

3.2 Power and Energy Densities Distributions  

The power density shows a large month-to-month 

variation. The minimum power density occurs in 

Yola with a value of 9.80W/m
2
 in the month of 

November while the highest value of 80.35W/m
2
 was 

in Maiduguri in the month of March. The energy 

density of 7.06kW/m
2
 was found to be the minimum 

in the month of November for Yola while  the highest 

was found  to be in Maiduguri in the month of March 

with a value of 78.00kWh/m
2
 refer to table 6 and 

figures 2 and 3. 

3.3 Best-Fit Probability Distribution Model  

The average of the monthly values of the correlation 

coefficient for all the sites ranges between 2.3477E-

37 and 0.5526941. For the Weibull and the Rayleigh 

model ranges from 2.3477E – 37 to 0.493973 and 

3.0459E – 7 to 0.526941 with reference to table 7. 

The month-to-month comparison as reflected in table 

8 shows that Rayleigh model returns higher 

coefficient values in all the twelve months for the 

locations  except February, March, April, and May  

for Yola; June and August for Maiduguri;  March and 

April for Bauchi; June, July, August, September, 

November  and December for Potiskum. Tables 7, 8 

and figures 4 to 7 indicates clearly indicates  that 

Rayleigh model fit better to the measured probability 

density distribution of the four locations than 

Weibull. 

4.0 CONCLUSION AND RECOMMENDATION  

In the present study, wind energy potential of some 

selected towns in North East Nigeria (Yola, 

Maiduguri, Bauchi and Potiskum) where statistically 

analyzed. The probability density distributions have 

been derived from the time-series data and the 

distributional parameters were identified. The wind 

energy potential of the locations was based on the 

Weibull and Rayleigh models. The most important 

outcomes of the study can be summarized as follows. 

• Refer to table 9, the annual average wind power 

densities values of 28.31W/m
2
 and 14.37W/m

2
 

for Yola and Bauchi respectively correspond to 

the wind power class of 1 since the density 

values are less than 100W/m
2
. Therefore, these 

particular sites are not ideal for grid-connected 

applications. These levels of power densities 

may be adequate for non-grid-connected 

electrical and mechanical applications such as 

battery charging and water pumping. 

• With reference to table 9, Maiduguri in Borno 

state and Potiskum in Yobe state have annual 

average power densities of 59.96W/m
2
 and 

54.49W/m
2
 respectively. These sites correspond 

to the wind power class of 1 and therefore, 

these particular sites are ideal for non grid-

connected applications too. 

• The diurnal variations of the seasonal wind 

speed and power densities have to be further 

studied, since the diurnal variation show a 

significant difference. 

• The Rayleigh model is better in fitting the 

measured monthly probability density 

distribution than the Weibull models for all the 

locations as show in table 7 and 8. However, 

Weibull model was found to present the actual 

probability of wind speed data for all the 

locations as a comprehensive study for wind 

power. For this reason, Weibull model should 

be adopted for all the four locations than the 

Rayleigh model. 
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