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ABSTRACT  
The Energy Pattern Factor (EPF) method is a less computational 
method of estimating the available wind power density of an area 
and wind speed variation account for the energy power density 
throughout a given period. Using the Average daily wind speed 
data for an 11 year period (2004-2014) obtained from the Nigerian 
Meteorological (NIMET) Station located around the Kaduna 
Airport, Mando, Kaduna. The Average Annual Energy Pattern 
Factor of Kaduna was estimated to be 1.03 and from the energy 
pattern factor, the average annual available wind power density 
was calculated to be 222.13 W/m2. This calculated wind power 
density falls within the stipulated values under wind power class 4 
of the National Renewable Energy Laboratory (NREL) of the US 
Department of Energy (DOE), and is considered very adequate to 
drive utility sized wind turbines. 
 
Keywords: Energy Pattern Factor, Wind Speed, Wind Power 
Density, Utility Sized Wind Turbines. 
 
INTRODUCTION 
Wind energy is another form of Renewable Energy. Wind is air in 
motion, and is produced by the rotation of the earth and heating of 
the atmosphere by the sun. When air at the equatorial regions is 
heated by the sun, the air becomes lighter and starts to rise; and 
cold air at the poles start to sink, this rising air at the equator 
gains Kinetic Energy, it moves northward and southward. The 
differential heating of the sea and the nature of a terrain (ranging 
from mountains and valleys to local obstacles such as building 
and trees), causes minor changes in the flow of wind and hence, 
have an important effect on the wind (Walker and Jenkins, 1997) 
 
In order to exploit wind energy for power generation, it is 
important to assess available wind energy potential at various 
regions; the estimation of potential energy resource or available 
wind power is an important aspect of wind energy investigations, 
analysis and studies (Ngala et al, 2007) Wind speed is an 
important parameter for estimating the available wind power of a 
region. Various methods have been used to analyse the wind 
speed of a region, in other to estimate the available wind power. 
The energy pattern factor (EPF) presents another means for the 
estimation of available wind power. Pam and Bala (2006) 
estimated the monthly and annual energy pattern factors for some 
parts of Northern Nigeria using a five year wind speed data (1998-
2002); and found the Annual Energy Pattern Factor of Kaduna to 
be 1.61 and that of Zaria to be 1.46. Wind speed is dynamic and 
changes over time; hence, it is necessary to update these 
researches overtime to ascertain the state of the climatic 
condition (speed) and compare with previous researches. 
Secondly, apart from calculating the EPF of Kaduna Town, the 
estimated available wind power density is also obtained from the 
EPF. Hence, the Justification for this work. 
 

The principle of wind power generation can be stated as follows, 
‘for all wind turbines, wind power is proportional to wind speed 
cubed.’ Since wind energy is the kinetic energy of moving air 
(Ohunakin, 2010) The kinetic energy of a mass m with velocity v 
is given by 

𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 = 1
2⁄ 𝑚𝑣2 … … … . .  1) 

The air mass m, can be determined from the air density 𝜌, and 

the air volume V according to 
𝑚 = 𝜌𝑉 … … … … … … …       (2) 

Then, 

𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐(𝑤𝑖𝑛𝑑) = 1
2⁄ 𝑉𝜌𝑣2 … … ..  (3)         

Since power is energy divided by time, we consider a small time, 
∆𝑡, in which the air particles travel a distance 𝑠 = 𝑣∆𝑡 to flow 

through. We multiply the distance with the rotor area of the wind 
turbine, 𝐴, resulting in a volume of 

∆𝑉 = 𝐴𝑣∆𝑡 … … … … … . (4) 

Which drives the wind turbines for the small period of time. 
Hence, the wind power is given as 

𝑃𝑤𝑖𝑛𝑑 =
𝐸𝑘𝑖𝑛𝑒𝑡𝑖𝑐 (𝑤𝑖𝑛𝑑)

∆𝑡
   

 

=
∆𝑉𝜌𝑣2

2∆𝑡
 

            

                       =
𝜌𝐴𝑣3

2
… … … (5)              

 
The variations in wind speed, makes the use of wind speed and 
air density alone, unreliable for analysis of wind power potential. 
The Energy Pattern factor method, analyzes these variations and 
estimates a unique wind power density for each location. 
Manwell et.al. (2002) defined the available mean power density at 
any location as: 

𝑃𝑎̅ =
1

2
𝜌𝑣̅3𝐾𝑒 … … … (6)      

Where 𝑣̅ is the mean wind speed and 𝐾𝑒 is the energy pattern 

factor. Spiegel (1992) defined the mean wind speed as the 
moment of a probability distribution given by: 

𝑣̅ = ∫ 𝑣𝑝(𝑣)𝑑𝑣 … … … … (7)
∞

0

 

 
Energy Pattern Factor (EPF) 
The Energy Pattern Factor (EPF) Method, is defined by Akdag 
and Ali (2009) as an ‘easier and less computational’ method, by 
the following equation: 

      𝐾𝑒 = 𝐸𝑃𝐹 =
1

(𝑣̅)̅̅ ̅̅ 3 × (
∑ 𝑣𝑖

3𝑛
𝑖=1

𝑛
) … … (8) 

where 𝑣𝑖 is the wind speed in meter per second for the 𝑖𝑡ℎ 

observation, 𝑛 is the number of wind speed samples, and 𝑣̅ is the 

monthly mean wind speed. 
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METHODOLOGY 
Average daily wind speed data for an 11 year period (2004-2014) 
was obtained from the Nigerian Meteorological (NIMET) stations 
situated on the global coordinates of Longitude 07o19’E and 
Latitude-10o41’N, at an Altitude of 632m above the sea level, 
located in the Kaduna Airport, Mando, Kaduna. 
 
Instrumentation and Data Acquisition 
The average daily wind speed data was captured by a cup-
anemometer (Figure 1) at a height of 10m, and was converted 
from knots to m/s. The cup-anemometer consists of three cups 
attached to short rods that are connected to a vertical shaft at 
right angles. When the wind blows, it pushes the cups, which turn 
the shaft. (Encyclopædia Britanica, 2012). The number of turns 
per minute is translated into wind speed by a system of gears 
similar to the speedometer of an automobile (Redmond, 2008) 

                1 𝑡𝑢𝑟𝑛 = 2𝜋𝑟. . . . . . . . . (7) 

Where 𝑟 is the length of one arm of the anemometer 

 

 
Figure 1: Cup-Anemometer 

 
The cubed of daily wind speed for each day was computed. And 
the monthly average for an eleven year period was found (table 
1). The cubed of the monthly and annual mean speeds were also 
computed (table 2). The monthly and annual energy pattern 
factors were then computed using equation (8) (table 3) and bar 

charts were developed (figure 2). The estimated available wind 
power density was obtained from equation (6) (table 3). 
 
RESULTS AND DISCUSSION 
Analysis of daily average wind speed data (2004-2014) showed 
that the month of May had the highest average wind speed at a 
height of 10m of 8.80m/s; next to it was the month of June with 
8.60m/s. The month of October recorded the lowest average wind 
speed with 6.00m/s. The average annual wind speed for the 11 
years was 7.15m/s; with 11.91m/s being the highest in the month 
of June 2014 and 4.67m/s was found to be the lowest in the 
month of December 2004 as seen in table 1. The monthly energy 
pattern factor of Kaduna range from 1.02 to 1.11 with the month 
of April having the highest EPF of 1.11 and the month of 
November having the lowest EPF with 1.02 as shown in table (3) 
and figure (2); and the average annual energy pattern is 1.03. 
Which is below by a factor of 0.58 from Pam and Bala (2006). 
Wind speed variations and other climatic changes account for this 
difference. Hence, the need for a continuous update of wind 
energy assessments, if wind energy is to be harnessed for the 
upgrade of the power resource in Nigeria. 
 
The annual available average power density was estimated to be 
222.13 W/m2 with 438.25W/m2 to be the highest for the month of 
May and 135.09 W/m2 was computed to be the lowest for the 
month of October. Based on the National Renewable Energy 
Laboratory (NREL), U.S. Department of Energy (DOE) Wind 
Power Class Chart, (table 4), the estimated annual available 
average power density of 222.13W/m2 falls in Power Class 4, 
which is sufficient to power utility sized wind turbines. Also, 
excess wind energy generated by wind turbines during the 
months of May, can be stored to be used in the month of October. 
Hence, wind energy can be exploited for power generation in 
Kaduna at a commercial scale, throughout the year. 
 
Conclusion 
Average daily wind speed data captured with a cup-anemometer 
at a height of 10m from Nigerian Meteorological Station, Kaduna 
for a period of eleven years was obtained. The monthly energy 
pattern factor of that area was estimated to range from 1.02 to 
1.11 with the month of April having the highest EPF of 1.11 and 
the month of November having the lowest EPF of 1.02. The 
average annual energy pattern factor was found to be 1.03. 
These energy pattern factors were used to estimate the average 
available power density which was found to be 222.13 W/m2. This 
power density is significant to impact meaningfully to the 
development of the Nigerian Power Sector; hence, the energy 
pattern factor has shown its relevance in the study of climate and 
seasonal variation with respect to wind.
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Table 1: Eleven Year Period (2004-2014) Monthly Average Wind Speed in m/s for Kaduna Town. 
 

 
 
 
 
 
 

Table 2: Eleven Year Period (2004-2014) Monthly Cubed Average Wind Speed in m3/s3 for Kaduna Town 
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Table 3: Eleven Year Period (2004-2014) Energy Pattern Factors 
(EPF), Air Density, and Estimated Available Power Density (PD) 

 
 
 

 
Figure 1: Monthly Energy Pattern Factor for Kaduna 

Table 3: Wind Power Class at 10m Elevation Chart (NREL, 2006) 
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