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Abstract: Wind power is one of the most important sources of renewable energy. In this research
paper, we developed an approach to select the optimum site among four different locations in Iraq
(Talafar, Nasiriyah, Baghdad and RAWA) according to wind power density. Based on the optimization
process, it was found that the RAWA city is the optimal site. We adopted Mabchour’s Method (MMab)
to estimate the Weibull distribution parameters (c, k) for RAWA city at two heights (10 m and 50 m)
for the period (2017–2019). It was found that the Mabchour technique (MMab) produced accurate
results with minimum consumed time and effort. This was because the values of k and c were close
to each other. Additionally, the coefficient values of the results of the Weibull measurements were
very close to the average wind speeds that we measured. The values of the correlation coefficients
between the Weibull scale parameters and the form were calculated and were equal to R2 = 0.9971.
The minimum value of the coefficient of variation (COV) for turbulence intensity was found to be 26%
in July 2018, when the wind speeds reached their maximum. The highest error of wind power density
between measured data (PM) and Weibull distribution (PW) was found to be 4.48%, at a height of
50 m.

Keywords: wind energy; wind power density; Weibull distribution; Mabchour’s Method (MMab)

1. Introduction

The fast growth of energy technology and the increasing use of fossil energy has led to
a dramatic increase in the pollution of the environment. Recently, there has been a strong
trend towards using green energy, where the most common forms of renewable energy
generation are solar photovoltaic (PV), wind and hydro. In addition, there are many other
types of renewable energy such as tidal and biomass, etc. These forms of renewable energy
use energy resources that are renewed sustainably and at a faster rate [1]. Wind is one of the
most available and fast-growing energy sources in the world [2]. The Weibull distribution
is a continuous distribution and is commonly used in failure models which have three
parameters. This method is important in the field of reliability and life testing and it also
used for drawing and interpreting the behavior and distribution of wind [3]. There are
several methods for calculating Weibull parameters [4]. Many studies have demonstrated
that finding the optimal statistical distribution can represent change in wind gusts. Using
this method, two parameters of the Weibull distribution (shape and scale) are calculated,
from which the wind speed frequency curve for the site can be drawn [5]. In most studies
concerning wind energy, the mentioned methods have been used to compare between
different periods of time in many different ways [6].
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The main objectives of this research paper are to find the most optimal site among
different promising locations in Iraq, and in the next step apply the Mabshour method
(MMab method) to calculate the error in estimations of wind power density by using the
Weibull distribution function (PW), compared with the measured data (PM). The results
present sequential wind speed data for 10 min, measured at different heights of 10 m and
50 m in the city of RAWA (optimal site), located in western Iraq.

2. Methodology
2.1. Mean of Wind Speed

The mean of wind speed is one of the important parameters used to estimate the
potential of wind energy for any given location [7]. The mean of wind speed for a given
location can be determined as the following:

v =
1
n

n

∑
i=1

vi (1)

where v is mean wind speed, n is the number of wind data, and vi is measured wind speed.

2.2. Standard Deviation of Wind Speed

Standard deviation is defined as the square root of variance. Small values indicate that
most wind speeds are close to the mean. That is, mean is an excellent convergence in the
case of average wind speed, where it is appropriate for energy production. The large values
indicate that wind speeds spread widely [7]. The standard deviation can be expressed by
the following equation:

σ =
√

Variance =

√
1

n− 1

n

∑
i=1

(vi − v)2. (2)

2.3. Coefficient of Variation (COV)

The COV is defined as the ratio between standard deviation and mean wind speed. It
demonstrates the wind speed mutability, and it can be expressed as [8]:

COV(%) =
σ

v
× 100. (3)

where the wind changes exponentially with the height. The law of the logarithmic equation,
which is used to determine the speed of the wind at different heights, can be written as
following [9]:

v2(z2) = v1(z1)

(
z2

z1

)α

. (4)

where v1 and v2 are the wind speeds at z1 and z2, respectively. z1 represents the known
altitude with the wind speed v1, which often occurs at the standard altitude, which is equal
to 10 m. While α is the surface friction coefficient.

2.4. Weibull Distribution

Wind speed is not constant and is continuously changing. Hence, turbine design
requires full data and knowledge concerning how often the wind blows strongly. This is
considered an essential step to predict the energy production of wind turbines. In order to
analyze the wind data, wind speed data are sorted into categories and then the relationship
between the percentage of repetitions distribution and the wind speed is determined. The
distribution appears as a curve and the peak of the curve represents the most common wind
speed. Weibull distribution, which is the most common model in statistics and probability
laws, can be used for many natural phenomena. The Weibull distribution includes more
than one probability distribution function and a two-parameter function, which are the
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basis for wind energy applications and wind speed data analysis [4]. This function can be
expressed by the following equation:

f (v) =
k
c

(v
c

)k−1
exp
(
−
(v

c

)k
)

. (5)

where: f (v) ≥ 0, v ≥ 0; k > 0, c > 0.
f (v): Function probability of wind speed v.
k: The shape of the parameter, which indicates the fluctuation or stability of the wind speed
v, which is a dimensionless parameter.
c: Scale parameter (m/s), which is associated with the mean wind speed.

There are different methods used to estimate the dimensionless scale and shape
parameters of the Weibull distribution function, such as Energy Pattern Factor method,
Probability Plot method, Modified Moment method, Maximum Likelihood method, Hazard
Plot method and Mabchour’s method (MMab). The proposed method by Mabchour (1999)
was selected in the assessment of wind energy potential k and c as [10]:

k = 1 + (0.483× (v− 2))0.51 (6)

c =
v

Γ(1 + 1/k)
(7)

2.5. Wind Power Density

It can be considered that wind power density is the criterion to assess wind energy at
a specific site. Figure 1 presents the categories of the wind power density for the standard
heights. For a specified site, the mean of available wind power density (P, w/m2) is
given as:

〈P〉 = 1
2

ρ
〈

v3
〉

(8)

where ρ is the air density in kg/m3. Where, the air density is other important factor affected
the extracting energy from wind, where it can be found based on the following formula:

ρ =
p

RT
(9)

where, p, R and T are the pressure of the air (locally), gas constant that equal to 287 J/kg-K
for air, and temperate of the air (locally). In case there is no motion in the vertical axis, the
equation of hydrostatic can be written as follows:

dp = −ρ gdz (10)

g: acceleration of gravity. The following formula can be obtained when Combining
Equations (9) and (10):

dp
p

= − g
R T

dz (11)

The equation of the acceleration of gravity with height is:

g = go

(
1− 4z

D

)
(12)

go: gravitational acceleration at ground level.
D: earth’s diameter.

Where, it can be neglected the effect of height (D > 4z) and temperature has inverse
relation with height. Then, it can be supposed the following,

dT
dz

= c (13)
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So, the following formula can be obtained:

p = po

(
T
To

)−g/cR
(14)

where, po: the ground’s air pressure; To: the ground’s air temperature.
The following formula can be obtained for air density by combining Equations (14)

and (9),

ρ = ρo

(
T
To

)−( g
cR +1)

= ρo

(
1 +

cz
To

)−( g
cR +1)

(15)Appl. Syst. Innov. 2022, 4, x FOR PEER REVIEW 4 of 12 
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Figure 1. The categories of wind power density. Adapted with permission from Ref. [11]. 2010
WIT Press.

There is another equation to calculate the air density used by Tizgui et al. [12], which is:

ρ = ρ0 − 1.194× 10−4 × Hm (16)

where, Hm is the elevation of site (m) and ρ0 is the air density at sea level. A small difference
was found between the values of air density obtained by Equations (15) and (16).

It can be noticed that the available wind power density increases with the mean cube
of wind speed [10]. There are two methods to calculate the mean cube of wind speeds. The
first one is the direct equation. It is given by Equation (10) and the second one by using the
distribution models, (Weibull distribution) as represented in Equation (18) [13].

〈
v3
〉
=

1
n

n

∑
i=1

v3
i (17)

< v3 >= c3Γ

(
1 +

3
k

)
(18)

where n is the numbers of data.

2.6. Error in Estimating Wind Power Density

Wind power density is calculated by measured data, where wind power density
can be estimated using the function of Weibull distribution, expressed in the following
equations [4,13]:

PM =
1
2

ρ
1
N

N

∑
1=3

v3
i (19)
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PW =
1
2

ρc3Γ

(
1 +

3
k

)
(20)

The error in the estimation of wind power density by function of the Weibull distribu-
tion compared with the measured data can be expressed as [13]:

Error% = 100×
(

PW − PM
PM

)
(21)

Figure 2 shows the details of the developed approach used in this research paper to
analyze the wind in different sites of Iraq, in order to find the optimal site and analyze the
wind energy at this site.
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2.7. Case Study (Selection the Optimal Site)

Statistical characteristics were used for four sites located in different directions in Iraq
(North, South, East and West), specifically Tal Afar, Nasiriyah, Baghdad and RAWA, as
shown in Table 1. According to the deep analysis of wind data and other variables affecting
the wind speed for each site, it was found that the RAWA site has the highest wind speed
in addition to the open areas, and less turbulence compared with other sites. The site of
RAWA is located in the Anbar Governorate in western Iraq, and is located on the northern
bank of the river, at the source of about 20 km from the much larger city of Anah. The
location is displayed on the map of Iraq, as shown in Figure 3. Figure 4 illustrates the wind
height diagram for RAWA city.
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Table 1. Annual statistical characteristics of study area (2017, 2018, and 2019) at 10 m.

Site Lat. (◦) Lon. (◦) Elev. (m) T (◦C) RH (%) v (m/s)

Talafar 36.35 42.35 348 20.44 42.05 3.15

Nasiriyah 30.84 46.06 6 27.24 44.31 3.91

Baghdad 33.44 44.31 35 25.29 36.1 3.41

RAWA 34.46 41.92 160 21.4 40.47 4.14

1 
 

 
Figure 3. Location of study area (RAWA city).
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3. Results and Discussions

In this work, the wind data and weather variables for Rawa city, Iraq, were collected
and analyzed to explore the accuracy and the time consumed using Mabchour’s method
(MMab) of Weibull distribution parameters. Most data of this analysis were measured
hourly, monthly and annually, based on MERRA-2 meteorological [14].

The accuracy of the results extracted by (MMab) was verified by comparing the results
of the Whipple transactions extracted from the site data (2017) at two heights (10 m and
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50 m) with the results obtained using the (Weibull parameter estimates) formula, using
Matlab software, as shown in Table 2. It was found that the results are very close, and this
indicates the accuracy of the results of the (MMab).

Table 2. The Weibull parameters by MATLAB, R2, Pw for RAWA city at 10 m and 50 m height, 2017.

Month
H = 10 m H = 50 m

c (m/s) Diff% k Diff% c (m/s) Diff% k Diff%

Jan. 3.38 2.45 2.08 1.65 4.247 1.96 1.983 1.18

Feb. 3.45 2.09 1.85 2.37 4.268 2.97 1.749 1.89

Mar. 3.99 2.46 2.2 1.82 5.199 2.25 2.295 1.80

Apr. 4.3 0.99 1.92 1.23 5.370 1.08 1.809 1.74

May 5.2 1. 2.74 1.70 6.472 1.43 2.590 2.37

Jun. 5.53 2.52 3.3 1.93 6.981 1.56 3.218 1.63

Jul. 6.1 1.27 4.09 1.56 7.655 0.88 4.074 2.04

Aug. 4.98 1.87 3.65 2.19 6.297 0.74 3.690 1.12

Sept. 4.17 2.59 2.27 0.70 5.219 2.46 2.193 2.70

Oct. 3.98 2.68 2.45 0.65 5.092 0.41 2.367 2.75

Nov. 3.35 2.44 1.82 0.55 4.158 3.12 1.792 0.99

Dec. 3.87 1.27 2.1 1.20 4.798 2.08 1.890 2.16

Tables 3–8 show the information about the optimal site, based on monthly and annual
mean wind speed; several observations in hours, minimum and maximum wind speed,
standard deviation, and (COV) turbulence intensity at a height of 10 m and 50 m during
the period of (2017–2019). The maximum values of hourly mean wind speeds at a hight
of 10 m for (2017, 2018 and 2019) were found to be (10.2, 10.2 and 10.5 m/s), respectively,
while the minimum values at a height of 10 m were found to be (0.46, 0.43 and 0.27 m/s),
respectively, in RAWA city. From Table 3 and Figures 1 and 2, it can be observed that the
better results of wind speed appeared at a height of 50 m compared with the height in
RAWA city.

Table 3. The monthly of mean wind speed in (m/s) data for selected wind station at 10 m height.
(COV) coefficient of variation during the period 2017.

Height
10 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean
(m/s)

3.03 3.11 3.61 3.80 4.64 5.08 5.62 4.58 3.78 3.59 3.02 3.46 3.94

v max.
(m/s) 10.96 11.06 9.22 12.57 10.97 9.57 9.22 8.21 8.2 11.95 9.3 11.17 10.2

v min.
(m/s) 0.13 0.17 0.23 0.08 0.72 0.99 1.97 0.72 0.12 0.16 0.02 0.27 0.465

σ

(m/s) 1.6491 1.86 1.8432 1.94 1.98 1.75 1.56 1.33 1.68 1.66 1.5 1.88 1.724

PM 17.03 18.5 28.81 33.8 61.18 80.2 108.7 58.84 33.08 28.3 16.8 25.3 42.5

COV
(%) 54.31 60.01 51.02 51.08 42.75 34.63 27.84 29.21 44.59 46.36 49.63 54.38 45.48
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Table 4. The monthly of mean wind speed in (m/s) data for selected wind station at 50 m height.
(COV) coefficient of variation during the period 2017.

Height
50 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean
(m/s)

3.78 3.52 4.5 4.76 5.8 6.34 7.02 5.72 4.72 4.49 3.77 4.3 4.9

v max.
(m/s) 13.7 13.82 11.5 15.71 13.71 11.96 11.52 10.26 10.25 14.93 11.6 13.96 12.75

v min.
(m/s) 0.16 0 0.28 0.1 0.9 1.2 2.4 0.9 0.15 0.2 0.02 0.33 0.56

σ

(m/s) 2.05 2.49 2.3 2.43 2.48 2.19 1.95 1.67 2.1 2.08 1.87 2.35 2.16

PM 33.08 26.71 56.18 13.48 119.5 156.08 211.8 114.6 64.4 55.4 32.8 49.7 77.8

COV
(%) 54.25 70.6 51.02 51.08 42.75 34.63 27.8 29.21 44.58 46.36 49.63 54.4 46.36

Table 5. The monthly of mean wind speed in (m/s) and (COV) coefficient of variation at 10 m height
during the period 2018.

Height
10 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean 3.66 3.02 4.39 3.33 3.86 5.29 6.25 5.58 3.75 4.7 2.91 3.45 4.18

v max. 9.72 7.94 11.06 8.89 13.38 10.57 10.24 9.56 8.05 12.99 10.73 10.11 10.27

v min. 0.15 0.25 0.34 0.03 0.11 0.22 1.62 2 0.15 0.09 0.02 0.18 0.43

σ 1.75 1.67 2.09 1.76 1.91 2.05 1.64 1.68 1.53 2.15 1.95 1.64 1.82

PM 30.02 16.87 51.82 22.61 35.22 90.67 149.53 106.41 32.29 63.59 25.15 53.27 56.45

COV
(%) 47.7 55.30 47.66 52.92 49.37 38.91 26.25 30.17 40.80 45.89 67.04 47.53 45.79

Table 6. The monthly of mean wind speed in (m/s) and (COV) coefficient of variation at 50 m height
during the period 2018.

Height
50 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean 4.58 3.78 5.49 4.15 4.83 6.61 7.82 6.98 4.69 5.87 3.63 4.31 5.25

v max. 12.15 9.92 13.82 11.11 16.72 13.2 12.8 11.95 10.06 16.23 12.78 12.63 12.78

v min. 0.18 0.31 0.42 0.03 0.13 0.27 2.02 2.5 0.18 0.11 0.02 0.22 0.53

σ 2.19 2.09 2.61 2.2 2.36 2.57 2.05 2.1 1.91 2.7 2.41 2.05 2.27

PM 58.84 33.08 101.34 43.77 69.01 176.89 292.9 208.29 63.18 123.88 29.29 49.03 104.12

COV
(%) 47.89 55.34 47.67 53.12 48.84 38.92 26.23 30.17 40.82 45.92 66.58 47.53 45.75
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Table 7. The monthly of mean wind speed in (m/s) and (COV) coefficient of variation at 10 m height
during the period 2019.

Height
10 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean 3.91 3.5 4.23 3.88 4.16 4.93 5.54 5.09 4.11 3.04 3.13 3.59 4.09

v max. 13.87 9.76 14.2 10.89 9.93 13.78 9.47 10.17 8.47 8.01 9.45 8.62 10.5

v min. 0.08 0.2 0.17 0.16 0.14 0.2 0.12 0.29 0.77 0.99 0.09 0.09 0.27

σ 2.32 1.88 2.47 1.89 2.04 1.81 1.6 2.17 1.52 1.4 1.57 1.72 1.86

PM 36.61 26.26 69.06 35.77 44.09 73.39 104.1 126.4 42.52 25.81 18.78 28.33 52.29

COV
(%) 59.39 53.75 58.34 48.82 48.97 36.66 28.94 42.79 36.94 45.93 50.28 48.0 46.56

Table 8. The monthly of mean wind speed in (m/s) and (COV) coefficient of variation at 50 m height
during the period 2019.

Height
50 m Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Yearly

Mean

N(h) 744.0 672.0 744.0 720.0 744.0 720.0 744.0 744.0 720.0 744.0 720.0 744.0 8760

v
mean 4.89 4.37 5.29 4.85 5.21 6.17 6.92 6.27 5.14 3.81 3.91 4.49 5.11

v max. 17.33 12.2 17.75 13.61 12.41 17.22 11.83 12.71 10.58 10.01 11.81 10.77 13.18

v min. 0.1 0.25 0.21 0.2 0.17 0.25 0.15 0 0.96 0.11 0.11 0.11 0.21

σ 2.9 2.35 3.09 2.36 2.55 2.26 2.0 2.64 1.89 1.75 1.97 2.15 2.33

PM 71.61 51.11 90.67 69.87 86.62 143.8 202.9 150.9 83.17 33.87 54.75 55.44 91.22

COV
(%) 59.27 53.7 58.38 48.82 48.95 36.68 28.93 42.21 36.96 45.95 50.33 48.03 46.52

The results of the statistical analysis of the RAWA site for both heights, 10 m and
50 m, are shown in Tables 9–11, respectively. It was noticed that when using the Mabchour
(MMab) method, higher results were obtained, while it was found that values of k and c are
close to each other. Furthermore, the values of the Weibell measurement coefficient had
values that were very close to the measured values of average wind speed. The value of
the correlation coefficient (R2 = 0.9971) between the Weibull parameters of the scale and the
shape parameters were also calculated. In order to obtain high accuracy, the value of the
correlation coefficient should be close to 1.

The minimum value of the coefficient of variation (COV) for turbulence intensity
that occurred during the months of July over three years were (27.84, 26.25 and 28.94),
corresponding to (2017, 2018 and 2019), respectively, at 10 m elevation when the wind
speeds were at their maximum. While the values of COV during the same months but at 50
m high were found to be (27.80, 26.23 and 28.93), corresponding to (2017, 2018 and 2019)
respectively, when the wind speeds were at their maximum. The highest error of wind
power density between the measured data and Weibull distribution (PW) was found to be
4.48% at an elevation of 50 m. It is clear from the obtained results that the turbulence is
relatively low at a height of 10 m and less at an elevation of 50 m. Therefore, the winds
become more stable at a height above ground level, and this fact led to the lower value of
COV. Figure 5 shows the variation of the mean COV per hour during the selected period
(2017–2019).
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Table 9. The Weibull parameters by Mabchour’s Method (MMab), R2, Pw for RAWA city at 10 m and
50 m height, 2017.

Month
H = 10 m H = 50 m

c (m/s) k R2 PW (W/m2) c (m/s) k R2 PW (W/m2)

Jan. 3.396 1.7004 0.9837 18.1 4.332 2.115 0.9837 35.05

Feb. 3.524 1.895 0.9892 19.1 4.399 1.896 0.9890 27.1

Mar. 4.091 2.241 0.9890 29.2 5.319 2.332 0.9883 58.25

Apr. 4.343 1.944 0.9853 35.3 5.429 1.944 0.9853 14.05

May 5.253 2.694 0.9883 64.5 6.566 2.694 0.9883 123.8

Jun. 5.673 3.365 0.9903 84.6 7.092 3.365 0.9903 160.8

Jul. 6.179 4.155 0.9834 113.2 7.723 4.155 0.9834 222.2

Aug. 5.075 3.732 0.9903 60.2 6.344 3.732 0.9903 118.8

Sept. 4.281 2.254 0.9920 34.8 5.351 2.254 0.9920 67.2

Oct. 4.09 2.434 0.9852 29.8 5.113 2.434 0.9852 58.2

Nov. 3.434 1.81 0.9721 17.2 4.292 1.81 0.9721 34.3

Dec. 3.92 2.075 0.9875 26.3 4.9 2.075 0.9875 51.2

Table 10. The Weibull parameters by Mabchour’s Method (MMab) for RAWA city at 10 m and 50 m
height, 2018.

Month
H = 10 m H = 50 m

c (m/s) k R2 Pw (W/m2) c (m/s) k R2 PW (W/m2)

Jan. 4.185 2.249 0.9868 31.8 5.233 2.248 0.9869 62.3

Feb. 3.406 2.005 0.9876 17.85 4.258 2.004 0.9876 34.5

Mar. 5.003 2.426 0.9852 54.6 6.255 2.425 0.9853 105.2

Apr. 3.799 1.863 0.9853 23.1 4.749 1.862 0.9853 46.2

May 4.38 2.265 0.9919 37.1 5.476 2.263 0.9919 72.3

Jun. 6.018 2.404 0.9740 95.1 7.524 2.402 0.9740 182.2

Jul. 6.854 4.307 0.9950 155.2 8.571 4.307 0.9951 305

Aug. 6.163 3.889 0.9732 110.3 7.706 3.887 0.9732 215.3

Sept. 4.27 2.307 0.9768 33.2 5.336 2.306 0.9768 66.3

Oct. 5.386 2.098 0.9689 66.2 6.733 2.096 0.9690 126.35

Nov. 3.261 1.576 0.9917 26.1 4.062 1.58 0.9919 30.85

Dec. 3.907 2.26 0.9971 55.7 4.888 2.259 0.9971 51.52

Equation (14) was used to calculate the error in the estimation of wind energy density.
The monthly errors in the estimation of energy density were checked using Weibull and
adjusted by Mabchour’s Method (MMab). The results proved that the most efficient and
accurate method for estimating Weibull parameters on site is Mabchour’s Method (MMab),
as shown in Table 12. It can be seen that the maximum error does not exceed 5% for all
cases during the whole research period.
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Table 11. The Weibull parameters by Mabchour’s Method (MMab) for RAWA city at 10 m and 50 m
height, 2019.

Month
H = 10 m H = 50 m

c (m/s) k R2 PW (W/m2) c (m/s) k R2 PW (W/m2)

Jan. 4.412 1.891 0.9923 37.2 5.518 1.89 0.9930 75.75

Feb. 3.974 2.011 0.9863 27.2 4.96 2.013 0.9923 54.09

Mar. 4.815 1.989 0.9940 70.85 6.025 1.991 0.9863 95.35

Apr. 4.402 2.179 0.9901 36.3 5.503 2.178 0.9940 73.64

May 4.742 2.037 0.9609 45.2 5.93 2.036 0/9902 90.2

Jun. 5.573 3.078 0.9239 77.2 6.964 3.077 0.9608 148.55

Jul. 6.231 3.403 0.9906 105.9 7.791 3.401 0.9239 214.3

Aug. 5.667 2.638 0.9884 128.2 7.078 2.619 0/9910 155.84

Sept. 4.624 2.968 0.9917 43.82 5.786 2.972 0.9881 87.32

Oct. 3.468 2.255 0.9903 28.2 4.335 2.254 0.9918 35.2

Nov. 3.568 2.063 0.9937 19.2 4.458 2.062 0.9903 56.3

Dec. 4.072 2.048 0.9937 30.2 5.091 2.046 0.9912 57.2
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Table 12. The average error between the annual wind power densities calculated using measured
data and those estimated by Weibull distribution function.

Year 2017 2018 2019

Height 10 m 50 m 10 m 50 m 10 m 50 m

Power density
(W/m2)

PW 44.35 80.91 58.85 108.16 54.12 95.31

PM 42.5 77.82 56.45 104.12 52.59 91.22

Error (%) 4.35 3.97 4.25 3.88 2.9 4.48

4. Conclusions and Remarks

Wind energy density is a key element in evaluating the potential of wind energy in
any proposed site, and it provides an accurate view of the suitability of the proposed site
for wind energy exploitation.



Appl. Syst. Innov. 2022, 5, 14 12 of 12

This research paper focused on statistical analyses in order to conduct an in-depth
investigation of Weibull distribution methods for wind data. Wind data were collected for
three years (2017–2019) for four different sites in Iraq in order to determine the optimal
site in the first stage of this work. It was found that the RAWA city is the optimal site and
can be considered as a promising site. The monthly mean of wind speed was found to be
higher in RAWA city compared with other sites that were investigated.

Additionally, the values of scale factor c and shape factor k were computed using
Mabchour’s method (MMab). The results were verified based on the compression between
the obtained results with results from a different method to show the most optimal method
in terms of the accuracy of the calculations and the minimum time needed to perform the
calculation. The results showed that the error is very small to estimate the Weibull factors
and Mabchour’s method can be considered the more efficient approach.

Further research will study the possibility of establishing new wind farms in several
promising sites in Iraq. In addition to studying the details of designing the wind farms,
future research will also use more than one method to determine the optimal design of
the farm.
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