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Abstract 
The present research deals with the assessment of wind speed for electricity generation in 

Technical Institute / Mosul for laboratory usage. A wind mill was designed and fabricated to carry out 

the experimental work, it was positioned on a tower of 30 meter height above sea level, and the wind 

speed was measured and recorded by Anemometer device every 20 seconds and then were averaged 

over 10 minute. The 10 minute average wind speed data were then averaged over one hour. All the 

wind speed data were measured and recorded close the wind mill apparatus. 

The Weibull Probability Density Function for wind potential was calculated from the mean 

wind speed data and the Weibull scale factor c was calculated. 

Experimented results showed that the relationship between the average wind speed V and the 

scale factor c was V 1.495c   . 

The measured and calculated wind speed data were also averaged over each eight hours 

period for each day of the whole month in March, and the experimental results revealed an average 

wind speed of 6.2 m/s which was available for large parts of the day. 

The results also showed that the are a certain periods in which the wind speed are useful for 

converting their power to an electricity for laboratory usage. 

It was also concluded that there is an enough number of hours in which the wind speed of a 

high potential power are available and enough for running the wind mill. 

The results obtained for the wind speed measured by Anemometer device and the Weibull 

Probability Density Function showed a best fitting between wind speed measured in the present study 

and the wind speed distribution for Weibull Probability Density Function which indicate that there is 

an efficiency and enough wind speed on the top of the workshop in Technical Institute / Mosul for the 

generation of electricity which can run the devices and the instruments for laboratory usage. 

Key Words: Wind speed, Wind mill, Weibull scale factor, Weibull Probability Density Function, 

renewable energy.        

 الخلاصة
يٓذف انثسث انساني ذقييى سشعح ٔشذج انشياذ في ذٕنيذ انطاقح انكٓشتائيح في انًعٓذ انرقُي / انًٕصم نلاسرفادج يُٓا في 

 (tower)نرُفيز الاخرثاساخ انعًهيح ٔثثرد عهٗ تشج  (Wind mill)الاسرخذاياخ انًخرثشيح. ذى ذصًيى ٔذصُيع طازَٕح ْٕائيح 

 يسرٕٖ سطر انثسش.يرش عٍ  30يشذفع تًقذاس 

 wind)دقائق ثى سدهد يعذل سشع انشياذ  10ذى قياط ٔذسديم سشع انشياذ نفرشاخ صيُيح ٔذى زساب انًعذل نكم 

speed)  نكم ساعح ٔرنك في انًٕقع انًثثد عهيّ خٓاص انطازَٕح انٕٓائيح. ذى زساب دانح ازرًانيح ٔيثم نكثافح انشياذ(Weibull 

Probability Density Function)  ،يٍ يرٕسظ سشع انشياذ انري ذى قياسٓا ثى زسة يعايم ٔيثم نهقياطc (Weibull scal 

factor). 

ْي:  cٔيعايم ٔيثم نهقياط  V (Average wind speed)أظٓشخ انرداسب انعًهيح تاٌ انعلاقح تيٍ يعذل سشع انشياذ 

V 1.495c  

شعح انشياذ انري ذى قياسٓا نكم ثًاَيح ساعاخ فرشج صيُيح ٔنكم يٕو ٔخلال  شٓش اراس. أظٓشخ انُرائح زسة أيضاً يعذل س

ٔذثيٍ تأٌ ْزِ انًعذلاخ يٍ سشع انشياذ يرٕفشج في فرشاخ صيُيح كثيشج   m/s 6.2انعًهيح تأٌ يعذل شذج سشع انشياذ انُاذدح كاَد 

 يٍ انيٕو.

  (wind potential)رشاخ صيُيح ٔنساعاخ عذيذج أثُاء انُٓاس ذكٌٕ فيٓا سشعح انشياذ ذثيٍ أيضاً يٍ خلال انُرائح ٔخٕد ف
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 Electrical)ٔذسٕيهٓا إنٗ طاقح كٓشتائيح  (wind mill fans)يفيذج ٔتالإيكاٌ اسرخذايٓا نرذٔيش يشأذ انطازَٕح انٕٓائيح 

power) .نغشض الاسرفادج يُٓا في ذشغيم الأخٓضج انًخرثشيح 

 Anemometer)انراي ذاى قياسآا تٕاساطح خٓااص الاَيًإييرش  (wind speeds)أيضااً ياٍ َراائح ساشع انشيااذ  كًاا ذثايٍ

device)  ٔدانح ازرًانيح كثافح ٔيثم(weibull Probability Density Function)  ٔخٕد ذطااتق كثياش تايٍ ساشع انشيااذ انراي ذاى

ْازا يثايٍ تاأٌ انطاقاح انُاذداح ياٍ ساشع انشيااذ كافياح فاي انًٕقاع انًثثاد عهياّ قياسٓا في انثسث انساني يع دانح ازرًانيح كثافح ٔيثام ٔ

فاي  انطازَٕح انٕٓائيح نثُايح انٕسش في انًعٓذ انرقُي / انًٕصم ٔانري يًكٍ الاسرفادج يُٓا نرٕنيذ انطاقح انكٓشتائيح ٔانري ذقٕو تذٔسْا

 ذشغيم الأخٓضج ٔأدٔاخ انقياط انًٕخٕدج في ذهك انٕسش.

 سشعح انشياذ، انطازَٕح انٕٓائيح، يعايم ٔيثم نهقياط، ازرًانيح كثافح ٔيثم، انطاقح انًردذدج.ت الدالة : الكلما

 

Introduction 
The European Countries especially Germany and Denmark have directed their efforts for the 

generation of electricity on both land and sea from wind energy, by building wind electrical power 

generation plants. Due to the increase in the cost of the fuel used in traditional electricity power 

generation plants as well as the environmental pollution due to the smokes emitted by those fuels, 

the electrical power generation projects by using winds are more economical and non pollutants. 

Special efforts have been directed by the Germany for the investment in a renewable 

energies (Wind, water and Solar) for electricity generation [1]. 

The National Energy Agency  expected that the energy required in a year 2020 will reach to 

(327)GW. This means that a (16)GW will be added per year, and the Ministry of a Renewable 

energy in India expected that a (90)GW of electricity can be generated from the different types of 

Renewable energy in the country, and about (48.5)GW of electricity can be generated by wind 

potential.[2] 

The total electrical power that have been produced by wind potential in year 2006 was 

(74.223)MW which equal to (1%) of the electricity used in the world. 

The potential of wind energy can be considered as a renewable safe energy and it does not 

cause any pollution to the environment as a result it reduces the consumption of the fuel.[3] 

The electricity that have been generated by the wind fields in the United States in the year 

2007 was nearly 17 MW to fulfill the requirements of industry [4]. 

 The required average wind speed for the turning on the turbine is ( 5.36 m/s) . 

The major constituents of the wind mill systems are a rotary fans which are hold on the top 

of a tower, and a generator for converting the wind potential to electrical power. 

The dynamic forces produced by the striking of air on the surface area of the fans lead to the 

rotation of these fans, as a result an electrical power is generated.[5] 

The quantity of electrical power depend on both the wind speed tricking the rotating fans, 

the diameter of fans and the surface area of each fan, and for that reasons the turbines employed for 

electrical power generation that have been used for the running plants and for lighting are build up 

on the top of towers. This is because the wind speed increases with the height above earth level. 

The weibull function was discussed for representation of the wind speed frequency 

distribution. The methods were presented for the estimation of the two Weibull parameter (Scale 

factor C and shape factor K) from wind statistics, and the recently proposed method based on the 

“square - root - normal” was compared with mean wind speed as input statistics.[6] The Weibull 

distribution was shown to give smaller root - mean - square errors than the square - root - normal 

distribution when fitting actual distributions of observed wind speed. 

The method for estimating the actual expected power for a wind - powered generator from a given 

observed speed distribution was described and applied to estimate the potential output for different 

locations in the continental U.S.A contour map of generator capacity factor values (fraction of the 

rated output realizable) was obtained for wind - powered generator systems with a cut - in speed of 

(3.6) m/s for a unit with hypothetical values for the (1)MW class (Cut-in speed, 6.7 m/s; rated 

speed, 13.4 m/s). Results indicate that in the central U.S and in certain areas of the New England 

coast at a height of 61m, over 60% of the rated output power could be obtained on an annual  
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average. In these areas capacity factors of over 20% could be obtained with 1 MW system.[ The 

wind energy potential of the region Iskenderun (36° 35 N; 36° 10 E) located on the Mediterranean 

coast of Turkey was statistically analyzed for 1 - year measured hourly time - series wind speed 

data, and the probability density distributions were derived. Two probability density functions were 

fitted to the measured probability distributions on monthly basis and the energy potential of the 

location was studied based on the Weibull and the Rayleigh models.[8] 

Three methods were presented for the calculation of the parameters of the Weibull wind 

speed distribution for wind energy analysis, those methods are: the maximum likehood method, the 

proposed modified maximum likehood method, and the commonly used graphical method.[9] The 

maximum likehood method was recommended for use with time series wind data, and the modified 

maximum likehood method was recommended for use with wind data in frequency distribution 

format which has been adopted in the present study. 

The present investigation deals with the study of wind potential energy for electricity 

generation in Technical Institute / Mosul for laboratories usage. 

 

Theory of wind power: 
The kinetic energy E of a wind can be expressed by the product of wind mass and the square 

velocity (V) divided by two.[10, 11] 

i.e. kinetic energy,  
2V m 

2

1
E                                                       ……… (1) 

The mass (m) of a wind passing perpendicular through unit area A at time (t) is 

m = A V t                                                                            ……… (2) 

Hence 

Kinetic Energy,  tVA  
2

1
E 3                                         ……… (3)  

The energy of a wind for a unit time t can be expressed as: 

t

E
P                                                                                     ………. (4) 

Hence 

3VA   
2

1
P                                                                       ………. (5) 

Where     represents the density of air 

Equation (6) shows that the wind energy of a fluid (wind) passing through unit area (A) is 

mainly depends upon its density and velocity. 

 

Experimental work 
The current study has been carried out for the assessment of the wind energy resources for 

the cooling and air conditioning work shops and laboratory usage of Technical Institute / Mosul. A 

wind mill was designed and fabricated to carry out the experimental work. It consists of two 

galvanized iron propeller blades of 2.4 mm diameter which rotates by wind energy around a rotor. 

The rotor was connected to the main shaft. The wind mill was mounted on a tower 30 meter above 

sea level in 36°N Latitude in the month mach [12] to capture the most wind energy, and to take 

advantages of faster and less turbulent wind. Fig. 1 shows a photograph of the wind mill that have 

been mounted on the roof of the cooling and air conditioning work shop in Technical Institute / 

Mosul. 
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Fig. 1 Photograph of wind mill apparatus. 

 

The speed of the wind was recorded by Anemometer device of 0.1 resolution close the wind 

mill. The wind speeds were recorded every 20 seconds and averaged over 10 minute. The 10 

minutes averaged wind speed data were average over one hour period as well as at 8 hour period.  

The Weibull Probability Density Function for wind potential was calculated, and adopted in 

the present studies.[6, 13] 

as 
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Where: 

f(v)w = The weibull probability density function. 

V = Instantaneous wind speed (m/s). 

C = Weibull scale factor (m/s), and 

K = Weibull shape factor. 

The relation between the weibull scale factor and the weibull shape factor is: 
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Where: 

V  = The average wind speed. 

σ = The standard deviation of the wind speed, and 

Γ = The Gama function. 
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The wind speeds that have been measured by Anemometer device on the roof of the cooling 

and air condition workshop close to the wind mill were measured and recorded and the wind speed 

distributions were plotted in Fig. 4 as shown in Table. 1. 

The Weibull parameters were then calculated.[14] 

 as  
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Equation (10) can be rewritten as: 
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 - exp f(v)-1                                          ………. (10) 

Where: 

 = The Cumulative wind velocity 

The Weibull parameters  C   and  K  depends on the wind speed. 

Taking the natural logarithm of equation (10) twice: 
K

C

V
-ln 








                                                                    ………. (11) 

and  
K

C

V
ln )ln  (-ln 








                                                       ………. (12) 

C)ln  - VK(ln )ln  (-ln                                               ………. (13) 

Cln K  - Vln K )ln  (-ln                                            ………. (14) 

Where: 

K ln C = Constant. 

K = The slope of the curve. 

From equation (14) the   ln(-ln)   versus ln V curve was plotted as shown in Fig. 2. 

 

Results and Discussion 
 The wind speed data used in the present research were recorded and calculated during the 

year 2011 by using a rotating fan anemometer close to the wind mill station which was positioned 

on the top of the workshop building in Technical Institute / Mosul in open and free obstacles space 

at height 30m above the ground. The wind speed were recorded every 20 seconds by using wind 

speed data logger   ( 0 to 45 m/s measurement range and 0.085 mph at10 second reading interval 

resolution)   and then were average over 10 minute. The 10 minute average wind speed data were 

then average over one hour at the end of each hour period.  

The accumulative weibull probability distribution function f(v) were calculated from the mean 

wind speed data ln(-ln) & lnf(v) have been listed in table .1. 

The data presented in table .1 are plotted in Fig. 2. The Figure represents the accumulative 

weibull probability distribution logarithm function ln f(v) as a function of the logarithm of the 

accumulative time wind speed ln(-ln). The curve shown in the figure reveals a straight line pattern 

which is best revealed in equation 15. 

The slop of the curve shown in Fig. 2 was calculated and analyzed to be 0.366. 

The curve shown in Fig. 2 was intercepted to the ln(-ln) - axis. to obtain the value of klnc 

shown in equation 15, and the intersection value is -0.55. 

As the value K=0.366 and klnC = - 0.55 have been obtained, the weibull scale factor C was 

calculated by applying the following formula. 
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K

cln k 
 - exp C                                                                  ………. (16) 

082.4
0.366

(-0.55)-
 exp C   

C = 4.082 

The average measured monthly wind speed V  was recorded to be 2.73 m/sec, hence 

495.1
73.2

082.4

V

C
   

V 1.495C    

 

The data of wind speed that have been measured and recorded were also averaged over each 

eight hour period for each day of the whole month of March and the concluded data are presented in 

Table .2 which represent the measured wind speed in March 2011 for each eight hour period and 

their average values V  (m/sec) on the top of the workshop building in Technical Institute / Mosul. 

The data presented in table .2 are plotted in Fig. 3 which represents average wind speed V versus 

duration period of each eight hour. 

The figure shows a fluctuations  of the wind speed in which it varies between 4.3 m/s to 7.7 

m/sec with average value of m/sec 6.2V  . 

The figure reveals that the wind speed 6.2 m/s is available for a large parts of the day. 

The average wind speed pattern for each day of the whole month are plotted in Fig. 4. 

The mean wind speed that can generate electrical power is 2.5 – 3 m/s, and in our study the 

mean wind speed shown to be 84.2V  . It is best clear that there are a certain periods in which 

the wind potentials are useful for converting their power to an electricity for laboratory usage.  

The frequency distribution data of wind speed intervals are presented in Table .3 and plotted 

in Fig. 5 which represents a distribution graph of the wind speed. 

The region shown in Fig. 5, are the most frequent wind speed, and the Fig. best reveals that there 

are enough duration periods in which a high potential power of wind speed were available and 

occurred. 

Table .4 represents the cumulative, decreasing and the percentage duration period for each 

interval of wind speed. The data are plotted in Fig. 6 and Fig. 7 which represent the duration and 

accumulative distribution histogram. The patterns of the two Figs. are best reveal that there is an 

enough number of hours in which the wind speed of a high potential power are available and 

enough for running on the wind mill, i.e. the fraction of time that a wind mill produce more high 

enough. 

The probability distribution for each wind speed interval are tabulated in Table .5 and 

plotted in Fig. 8. 

 The graphs plotted in Fig. 8 show the wind speed frequency distribution and how for is it 

from the best fitting unimodal Weibull Probability Density Function [13] 

Experimental results plotted in Fig. 8 for the wind speed data measured by Anemometer and 

the Weibull Probability Density Function [13] show a best fitting between wind speed measured by 

Anemometer device and wind speed distribution for Weibull Probability Density Function [13].The 

minimum useful wind speed for electrical generation is 2.5 – 3 m/s which indicate that there is an 

efficient and enough wind speed on the top of the workshop building in Technical Institute / Mosul 

for the generation of electricity which can run on the devices and the instruments that have been 

employed by the students who in turns use those devices and Instruments for the experimental tests 

in the laboratories. 
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Conclusions 
In the present research, the assessment study of the wind potential energy for electricity 

generation in Technical Institute / Mosul lead to the following conclusions: 

1. The Weibull scale factor C was calculated to be 4.082. 

2. A best relationship between weibull scale factor C and average wind speed V  indicates that 

there is an enough wind speed of large power for electricity generation for laboratory usage. 

3. There is an available wind power of average speed equal to 6.2 m/s for a large parts of the day. 

4. There are a certain periods in which the wind potentials are useful for converting their power to 

an electricity for laboratory usage. 

5. There are enough duration periods in which a high potential power of wind speed were available 

and occurred. 

6. There are an enough number of hours in which the wind speed of a high potential power are 

available and enough for running on the wind mill. 

7.  A wind speed measured by Anemometer device and the Weibull Probability Density Function 

show a best fitting between wind speed measured by Anemometer device and the Weibull 

Probability Density Function, which is a best indicating that there is an efficient and enough 

wind potential power on the top of workshop building in Technical Institute / Mosul for 

electricity generation for laboratory usage by the student. 
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Table 1 The measured and calculated wind speed data in March 2011. 

 

f(V) 1 – f(V) =  ln -  ln (- ln ) ln f(V) 

6.2 -5.2 1.64 0.49 1.82 

13.9 -12.9 2.55 0.93 2.63 

15.2 -14.2 2.65 0.974 2.72 

18.4 -17.4 2.85 1.047 2.91 

24.27 -23.27 3.147 1.146 3.18 

25.02 -25.02 3.218 1.168 3.25 

28.52 -27.52 3.314 1.198 3.35 

30.52 -29.52 3.38 1.217 3.41 

31.82 -30.82 3.42 1.229 3.46 

32.52 -31.52 3.45 1.238 3.48 

33.32 -32.32 3.47 1.23 3.50 

34.82 -33.82 3.52 1.25 3.55 

35.52 -34.52 3.54 1.26 3.57 

38.27 -37.27 3.618 1.285 3.65 

39.37 -38.37 3.64 1.291 3.67 

40.97 -39.97 3.68 1.302 3.71 

44.12 -43.12 3.52 1.258 3.78 

 

 

 
 

Fig. 2    ln(- ln ) as a function of ln f(v) for Weibull parametes calculation 
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Table 2 The average wind speed for each 8 hours in March 2011 at Technical Institute/mosul 

 

March, 2011 

8 hour 16 hour 24 hour Average wind 

speed of each 

day m/s 
Speed (v) m/s Speed (v) m/s Speed (v) m/s 

1 4.3 7.7 6.7 6.2 

2 6.5 8.6 8.05 7.7 

3 1.9 0.7 1.3 1.3 

4 5.05 5.4 5.2 5.2 

5 4.85 7.5 6.17 6.17 

6 0.3 3.2 1.75 1.75 

7 3.2 2.5 1.8 2.5 

8 3.25 2 0.8 2 

9 1.3 0.7 1.9 1.3 

10 0.7 0.3 1.1 0.7 

11 0.8 0.8 0.8 0.8 

12 1 2 1.5 1.5 

13 0 1.4 0.7 0.7 

14 2.75 1.5 4 2.75 

15 1.5 0.7 0.7 1.1 

16 0.7 2.5 1.6 1.6 

17 3.15 1.9 4.4 3.15 

18 0.2 1 0.6 0.6 

19 1.8 3.5 5.2 3.5 

20 2.5 1.3 3 2.5 

21 2.5 1.6 0.7 1.6 

22 1.25 1.9 0.6 1.25 

23 2 3 1.7 2.3 

24 2.8 2.7 2 2.5 

25 3.4 2.9 3 3.1 

26 3.2 3.1 2.9 3.4 

27 4.1 3.9 2.8 3.6 

28 4.5 3.5 2.7 3.6 

29 5.9 4.2 4.1 4.7 

30 6.6 6 6.1 6.2 

Average  2.733 2.933 2.795 2.842 

 
Fig. 3 The average wind speed pattern in March 2011 at Technical Institute / 

Mosul  
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Fig. 4 The average wind speed pattern in March 2011 in Technical Institute / Mosul 

 

 

Table. 3  Frequency distribution table of wind speed in March 2011 at Technical Institute  / 

Mosu  

Interval 

V (m/s) 

Frequency  

(hours) 

0 – 0.999 18 

1 – 1.999 21 

2 – 2.999 15 

3 – 3.999  13 

4 – 4.999 8 

5 – 5.999 5 

6 – 6.999 6 

7 – 7.999 2 

8 – 8.999 2 

Total 90 
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Fig. 5 Frequency Distribution Graph of wind speed in March 2011 in Technical Institute / 

Mosul 
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Table 4 Frequency distribution table of wind speed in Technical Institute / Mosul in March 

2011 transformed into a duration and accumulative distribution. 

 

Interval Frequency 
Duration 

VV   

Cumulative 

VV   % 

m/s hours hours hours 

0 – 0.999 18 90 18 2 

1 – 1.999 21 69 39 43 

2 – 2.999 15 54 54 60 

3 – 3.999 13 41 67 74 

4 – 4.999 8 33 75 83 

5 – 5.999 5 28 80 88 

6 – 6.999 6 22 86 95 

7 – 7.999 2  20 88 997 

8 – 8.999 2 18 90 100 

Total 90 375 597  

90

69

54

41

33

28

22
20

18

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9

Ho
ur

s 

Velocity (m/s)

 
Fig. 6   Duration Distribution Graph in March 2011. 
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Fig. 7     Cumulative Distribution Graph in March 2011 

Cumulative Distribution Graph in March 2011. 
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Wind speed, 

V (m/s) 
Probability 

0 – 0.999 0.2 

1 – 1.999 0.23 

2 – 2.999 0.166 

3 – 3.999 0.144 

4 – 4.999 0.088 

5 – 5.999 0.055 

6 – 6.999 0.066 

7 – 7.999 0.022 

8 – 8.999 0.022 

 

Table5   Probability data of wind speed 
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Fig. 8     Wind speed distribution data in March 2011. 

  Anemometer data 

  Weibull probability density function [12] 
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