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Introduction 
Due to the soaring of energy prices and the environmental 

deterioration impact of energy generation, scientists and decision 
makers began looking for alternative sources of energy and a special 
focus on the possibility of using clean energy sources that have a low 
impact on environment. Two sources of energy grasped a high level of 
attention; wind and solar energy. �ey were sought as the best solution 
for green buildings and energy sources.

Wind energy was harnessed by mechanical means since the dawn 
of history. For the last 20 to 30 years, its unit construction and total 
built units increased rapidly. Reasonable amount of production was 
listed for around 30 countries worldwide. �e highest production of 
wind energy countries in GW/billion GDP are shown in Table 1 and 
the highest MW/Capita list is exhibited in Figure 2.  Leading countries 
are Denmark, Portugal, Spain, Germany and Ireland, [1] (Table1) 
(Figure 1).

�e worldwide wind power capacity reached 200 GW in 2010 [2].

A step forward in wind energy technology was achieved by using 
o� shore technology. �is was observed in Scotland where the aim is to 
reach full renewable energy before the mid of the century. �e expected 
power rating is to reach 68 GW from o� shore �elds of the Highlands 
long shores and Islands district, north of Scotland [3]. 

�e wind energy showed comparatively low cost compared with 
other methods of renewable energy [4]. A reasonably comparable low 
cost of kWh of wind energy reached this year (2012) around C€ 4.2 /
kWh. 
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shown using Weibull – Heister and Pennel formula. Compression and 
modi�cations were corrected for the formal.

�e interaction between the Weibull modi�ed formula and the 
wind turbine performance curve. Basics for selection of optimum 
turbine were suggested. 

Maximum yearly energy (kW.h) that can be extracted by the most 
suitable wind turbine was calculated and results were compared with 
each other and with other sites. 

Interaction of predicted yearly energy output for typical machine 
was optimized. �e main variable was the rating velocity, Vr.  

Discussion 
Wind velocity distribution

Figures 2-4 show bar distribution of monthly mean wind velocities 
of the three sites: Daba’a, Safawi and Azraq south for the three 
consecutive years, 2008, 2009 and 2010. Azraq south possessed the 
highest value of about 6.2 m/s. even distribution of velocities is around 
July in Azraq south and in May in Safawi, the high wind speed of 
December in Daba’a for the three years disturbed any form of even 
distribution for that site. 

Values of monthly mean velocities for sites of Azraq south, Daba'a 
and Safawi reached 6.2 m/s, 4.2 m/s and 4.0 m/s respectively with 
respective yearly mean velocity reaching 4.2, 2.9 and 2.7 m/s.    

Figures 5-7 show the number of repeated hours having the velocities 
from 1 m/s up to 25 m/s in each site for the data years. Maximum 

 

Figure 3: Mean monthly wind velocity for Safawi.

 

Figure 4: Mean monthly wind velocity for Azraq south. 

 

Figure 5: Repeated hours for wind velocities of Daba’a site.

 

Figure 6: Repeated hours for wind velocities of Safawi site.

Figure 7: Repeated hours for wind velocities of Azraq south site.
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repeated velocities hours of the year were 3.5 m/s, 4.5 m/s and 5.0 
m/s for Daba’a, Safawi and Azraq south respectively with respective 
repeated hours/year were 370, 1150 and 1900.

Figures 5-7 were converted into best �t distribution of yearly 
repetition hours of the wind speed for measured wind speed values. 
�is was shown in Figures 8-10 as experimental collected data results. 

Weibull prediction model 

�e Weibull probability function in the term of Weibull – Hiester 
and Pennell, 1981 in the form: 

1
exp

−      = −        

k k
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k V VP
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Where:

k is the shape factor and 

k = 1.09 + 0.20V                                                                                    (2)

c is the scale factor and 

1 1
Vc

k
=

 Γ + 
                                                                                          (3)

V  is the mean velocity and Γ is the gamma function. 

In the case of this work the value used in the literature in Equation.2 
was not suitable and another form was adopted of the form of 

1.09 0.20k V= +                                                      (4)

Equation curves were shown in Figures 8-10 in two forms:

�e �rst form in the equations was to use variable velocity in 
Equation. 4 to calculate the shape factor k. �is case was called Weibull 
- variable curves.

�e second form, k was calculated using mean velocity. �is was 
called Weibull Constant curves. 

Both the Weibull - constant and the Weibull -  variable curves are 
shown by  Figures 8-10. Since the Weibull - constant curves conform in 
shape with the experimentally measured data, it was decided to use it as 
Weibull reference. �e di�erence between the experimental curves and 
that of the Weibull – constant curves as the error, 
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3 3

1
α    = −   
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k
rV Lam k k

k
c                                                                                 (11)

Where Lam is abbreviation for the Lambert function and α is 
exponential value given as:

exp 3α
     = − −       

k
oV k k
c                                                         (12)                                            

According to Equation.11, the optimum rating velocity (Vr) 
depends on: Vo, k and c. it was shown from the literature that the most 
common value for cutout velocity (Vo) for the available wind turbines 
is 25 m/sec. when the previous value of Vo is substituted in Equation12, 
the relation between Vr and both k and c is shown in Figure 15. As 
illustrated, the scale factor (c) a�ects proportionally on the optimum � 
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