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ABSTRACT

Assessment of annual wind energy potential for three selected
sites in Iraq has been analyzed in the present work. The wind
velocities data from August 2014 to July 2015 were collected
from the website of Weather Underground Organization
(WUO) at stations elevation (35m, 32m, and 17m) for
Baghdad, Najaf, and Kut Al-Hai respectively. Extrapolation
of stations elevation and wind velocities was used to estimate
wind velocities at (60m, 90m, and 120m). The objectives are
to analyze the wind speed data and assess the wind energy
potential for wind energy applications. Computer code for
MATLAB software has been developed to solve the
mathematical model. The results are presented as a monthly
and annual average for wind velocities, standard deviation,
shape factor, scale factor, probability density function,
cumulative distribution function, measured and Weibull
estimated of wind power density, wind energy density,
determination factor, and root mean square error. A
comparison is made with the previous studies to select wind
class of selected sites in the present work. At selected stations,
the wind energy potential was the best for Najaf, Kut Al-Hai,
and Baghdad respectively. According to the international
wind classification, the selected sites has fair class at stations
elevation. Kut Al-Hai has fairly good class at selected heights.
While Najaf have fairly good at (90m, and 120m) whereas
Baghdad has a fairly good class just at (120 m).

Keywords
Wind energy potential, wind resource assessment, Weibull
parameters.

1. INTRODUCTION

In recent years, the successive depletion of conventional
resources and an increase in energy demand due to the growth
of world's population led to look for about an alternative
energy resources. It is worth mentioning that the Renewable
Energy is an alternative and successful solution because it is
environmentally friendly, abundant, clean, and inexhaustible
source. By contrast, the diurnal, seasonal, and yearly
fluctuations in the wind adversely affect since it is stochastic
quantity. Obviously, the using of renewable energy resources
such as wind energy projects instead of conventional energy
resources may lessen consequences of atmospheric pollution,
the riskiness of global warming, and reducing the depletion of
conventional resources. Nowadays, wind energy projects are
occupying an advanced ranking as compared with other
renewable energy resources and conventional resources.
Indeed, the improvements in the modern technology of wind
energy projects and its production cost made its growing with
fast rate compared to conventional resources and the rest of
renewable energy resources. Efforts for assessing wind energy

potential are so important in this field. The wind's statistical
models are used to analyze and assess the energy potential
available for specific sites. Indeed, electric power generation
through renewable energy systems in lIraq contributes to
increasing the availability of electricity.

It is worth mentioning that the present study is one of the
important steps to assess wind energy potential in the selected
sites in Irag. Several studies were presented in this field.

The wind energy potential assessment for five coastal
locations of the Kingdom of Saudia Arabia was evaluated [1].
Hourly mean wind speed and wind direction of 14 years were
presented. The best locations for extracting wind power
Yanbo, Dhahran, were analyzed and other three locations
were found to have more or less the same results.

The wind characteristics for the Waterloo region in Canada
based on a data source measured at an elevation 10 m above
the ground level over a 5-years period (1999-2003) was
examined [2]. Characteristics such as diurnal, monthly,
seasonal, annual, wind speed variations, and wind direction
variations are tested.

The wind energy potential via a software tool at four locations
in Ethiopia was investigated and analyzed [3]. The results
were given in terms of the monthly average wind speed,
probability density function, cumulative density function, and
duration curve for all four selected sites. Three of four
locations are reasonable for wind energy potential.

In Naxos Island, Greece the Wind energy potential assessment
using a real wind data by a measurement mast was presented
[4]. Weibull and Rayleigh distribution functions were used to
analyze wind characteristics. The selected site falls under
class 7 of the International system of wind classification.

For the Sultanate of Oman, the diurnal and seasonal of wind
data analysis at different heights covered was analyzed [5].
For average wind speed and direction, the contour maps,
tabulated data, and figures were presented. As well as, wind
availability and power density were presented as a result of 10
years. The analysis provided a reference for the spatial
distribution of wind characteristics for the whole of Oman.

In three locations in the southeastern part of Nigeria, the wind
speed characteristics and wind energy potential using wind
speed data measured at a height of 10 m between 25 and 37
years were investigated [6]. At a height of 10 m, the annual
mean of wind speed, power densities, most probable wind
speed, the wind speed carrying maximum energy was
determined. The annual energy output and capacity factor for
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selected turbines, as well as the water produced by the
windmill, were determined.

In Kurdistan province, Iran, the wind energy potential at
different heights with six methods for five stations was
assessed [7]. The annual shape and scale factors were
estimated. According to 100 years return period, the stations
rank was as: Zarineh Obato, Bijar, Ghorveh, Saghez, and
Sanandaj.

The electricity generation potential from the wind at Kano,
Nigeria via monthly wind speed data at a height of 10 m for
21 years were assessed and analyzed [8]. The monthly
average of wind speed, wind power, and wind speed for dry
and wet seasons was estimated. Also, the shape factor, scale
factor, most frequent wind speed, and wind speed contributing
maximum energy were determined. The wind speed at and
above the height of 10 m was economically viable for
generating electricity from the wind.

The wind energy potential for Ardabil city of Iran was
investigated [9] via collecting the mean wind speed data for
six years (2005-2010). The monthly, and annual mean wind
speed, monthly mean shape and scale factors, also the higher
and lower monthly wind power densities were estimated. The
wind potential is very suitable for the off-grid connections and
is acceptable for connecting to the power grid.

A similar study was presented for Basrah, Nasiriyah, and
Amarah in Iraq by the Author [10] to analyze wind speed and
assess annual wind energy potential. Basrah at (60m, 90m,
and 120m) and Nasiriyah at (120m) are acceptable for
connecting to the power grid. In the present study, other three
sites were presented in the same field.

2. SITES INFORMATION and WIND

DATA SOURCE

The wind data for Baghdad, Najaf, and Kut Al-Hai sites in
Iraq were collected from the metrological weather website of
weather underground Organization (WUO) [11]. The
collected wind velocities data were compared with wind
velocities data from an intellicast website for verification and
the collected data were significantly identical. The elevation,
latitude, and longitude of selected stations were (35m,
33.26°, 44.23"), (32m, 31.99°, 44.40°), (17m,
32.13°,46.04") for Baghdad, Najaf, and Kut Al-Hai
respectively. The maximum, minimum, and average daily of
wind velocity are available in (WUO) website. According to
daily average wind velocities collected from (WUO), the
monthly and annually average wind velocities were estimated
at stations elevation. Extrapolation of stations elevations and
wind velocities has been used to estimate the wind velocities
at 60 m, 90 m, and 120 m via wind shear power law. In the
present study, the daily average wind velocity was used as
input parameter.

3. MATHEMATICAL MODEL

The average of measured wind velocities and Weibull
estimated wind velocities are calculated as [12, PP. 64]:

V= (N, vA)/N) e (1)

Here (V;) is the individual wind velocity (m/s) and (N) is the
number of data.
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The standard deviation (o) of individual wind velocities from
the average value is evaluated as [12, PP. 64]:

o= [Z,(i-¥?/N @

Obviously, the air density is change with height.
Consequently, the correction of air density has been employed
as [13, PP. 31]:

P =po—[1.194 x 107* x H] (3)
Here (p, = 1.225 kg/m?3) represent the air standard density
at (T =15°C) and (P = 1atm), and (H) is the height of
stations elevation and selected heights in the present study.

At stations elevation, the shape factor (K;) and scale factor
(C,) of Weibull distribution can be expressed as [12, PP.75-
76]:

K, = (0/V) 1% (4)
¢, = (VK,*%¢7*/(0.184 + 0.816 K, >73%%)) (5)

Extrapolation of wind velocities with height can be calculated
via wind shear law as [14, PP.37]:

V, = Vi(H/H ) (6)
Here (V;) is the wind velocity at stations elevation (H,), (V,)
is the wind velocity at selected heights (H,), and (a) is the

wind shear exponent.

The wind shear exponent can be formulated as [15, PP.15]:

a = [0.096 log;o(Zo) + 0.016 (logo(Zo))" +0.24]  (7)

Here Z, is ground roughness height which is a function of
terrain.

The Weibull parameters variation with height at newly
selected heights can be evaluated as [7]:

Kz = Kl [1 —0.0881 ln(Hz/Hl)]_l (8)
n = [0.37 — 0.08811In(C,)] ©)
C; = Cy(Hz/Hp" (10)

Here (K,) is the corrected shape factor at newly selected
height, (C,) is the corrected scale factor at newly selected
height, and (n) is the exponent of Eq. (10).

The Weibull probability density function f(V) and the
cumulative distribution F(V) can be defined as [4, 6, 7, 8 and
12, PP. 68]:

f(V) = [K/C][V/C]¥"te~(V/OF (1)
F(V) = f0°° f(V) dV = 1 — e~ (V/O 12)
Here (K) is the shape factor at stations elevation or at selected

heights (60m, 80m, 100m), and (C) is the scale factor at
stations elevation or at selected heights (60m, 80m, 100m).
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According to Weibull distribution, the average wind speed,
and standard deviation also at stations elevations or at selected
heights can be estimated as [7, 8, and 12, PP. 69-71]:

V=Cr[1+@1/K)] (13)
o =C{I'[1+(2/K)] - T2[1+ 1/K)]}*? (14)
Here T is the gamma function, which is defined as:

I(x) = [;"txDetdt (15)

Here the parameter (t) is equal to ((V/C)X), (V) is the wind
velocity, and (x) is a positive number.

The individual of measured wind power density (PD,,;) and
wind energy density (EDp,;) at any height can be considered
as [9]:

PDpi = (1/2) p Vi (16)
EDmi = PDml X T (17)

Here (T) is the time factor, which is considered to be the
hour's number for the monthly and annual durations.

Accordingly, the overall average of measured wind power
density (PD,,¢) and wind energy density (ED,;) can be
written as [9]:

PDime = ((Xi1(1/2) p V)/N) (18)
EDpe = PDpyy X T (19)
According to the Weibull distribution, the Weibull estimated

wind power density (PDgyw) and wind energy density (EDgw)
at any height, can be expressed as [6, 7]:

PDgw = (1/2) p C°T(1 +(3/K)) (20)
EDgw = (1/2) pC3T(1 + (3/K) T (21)
The accuracy of Weibull distribution performance in
estimating the sites actual parameters with predicted Weibull

results can be check by the determination factor (R?) and root
mean square error (RMSE) as [9]:

2 _ (E?Ll(yi—zi)z—ziil(xi_yiy)]
R _[ N, Gi-z0?) (22)

RMSE = [(Z1,(y; — x)?/N)] 2 (23)

Here (y;), (x;), and (z;) is the actual data, predicted Weibull
results, and mean of actual data respectively.

4. RESULTS AND DISCUSSION

In this study, a daily average of wind speed data for Baghdad,
Najaf, and Kut Al-Hai from August 2014 to July 2015 was
collected and analyzed. Monthly and annually average of
wind velocities, standard deviation, wind power densities, and
wind energy densities estimated according to measured wind
velocities. Also, according to the Weibull distribution the
monthly and annually average of wind velocities, standard
deviation, shape factor, scale factor, wind power densities,
and wind energy densities were determined.
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In general, the monthly and annual average of the measured
and Weibull estimated wind velocities for the same site of
selected sites are approximately identical. Fig.1 illustrates the
monthly and annual average for measured and Weibull
estimated of wind velocities for selected sites at station
elevations. Obviously, the wind velocity is changed randomly
because it is from stochastic quantities. The higher and lower
of the monthly average of wind velocities according to
measured and Weibull distribution, were in July and
December respectively for Baghdad, at July and December
respectively for Najaf, and at June and December respectively
for Kut-AlHai. In general, Najaf has the highest annual
average of wind velocity among the other sites. The monthly
and annual average of wind velocities are summarized in
Tables (1, 2, and 3).

Fig. 2 displays the wind velocity profiles (boundary layer of
the wind above ground surface) for selected sites at station
elevations and selected heights based on annual shape factor
and scale factors. The change in wind speed with height was
estimated by using wind shear power law. Extrapolation of
stations elevations used to estimate the wind velocities at
(60m, 90m, and 120m) via wind shear power law. The
highest wind velocities were for Kut Al-Hai, Najaf, and
Baghdad respectively. In fact, the candidate site for wind
energy application has annual average wind velocity as
minimum as (5 m/s) at a hub height of wind turbines [12]. At
selected heights, the selected sites had an annual average wind
velocity more than (5 m/s) except Baghdad site at height of
(60 m). Consequently, the selected sites are a candidate for
wind energy applications.

In the present study, the wind energy analysis is achieved by
using the Weibull distribution. It is used to describe the wind
variations with suitable accuracy. Fig.3 illustrate the
probability density function and cumulative distribution
function of selected sites at stations elevation in order to
characterize the wind velocity variations for the selected sites.

Fig. 4 illustrates the monthly and annual average of wind
power density at stations elevation of selected sites. Fig. 5
shows the annual average wind power density at selected
heights (60m, 90m, and 120m) for the selected sites. The
difference between the Weibull estimated wind power density
and measured wind power density showed with the cyan color
on the bars of Figs. 4 and 5. The monthly and annual average
wind power density at stations elevation are summarized in
Tables (1, 2, and 3). Also, the annual average wind power
density at selected heights (60m, 90m, and 120m) are
summarized in Table. 4. At station elevations, the higher and
lower of the monthly average of wind power densities
according to measured and Weibull distribution were at July
and December respectively for Baghdad. Whereas the higher
and lower of the monthly average of measured wind power
densities occurred in July and December respectively for
Najaf while it occurred at July and October for Weibull
estimated wind power density. Finally, the higher and lower
of the monthly average of measured wind power densities for
Kut Al-Hai occurred in June and December respectively. The
site of the highest annual average wind power density at
stations elevation was for Najaf, Kut Al-Hai, and Baghdad
respectively. Obviously, at selected heights (60m, 90m, and
120m) the site of highest annual average wind power density
was for Kut Al-Hai, Najaf, and Baghdad respectively at any of
selected heights. As compared with [9], the wind classes of
selected sites are summarized in Table. 5.
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Fig. 6 illustrates the monthly and annual average of wind
energy density at stations elevation of selected sites. While
Fig. 7 shows the annual average wind energy density at
selected heights (60m, 90m, and 120m). The difference
between the Weibull estimated wind energy density and
measured wind energy density showed with the cyan color on
the bars of Figs. 6 and 7. The monthly and annual average
wind energy density are summarized in Tables (1, 2, and 3).
Also, the annual average wind energy density at selected
heights (60m, 90m, and 120m) are summarized in Table. 4.
At station elevations, the higher and lower of the monthly
average of wind energy densities according to measured and
Weibull distribution were at July and December respectively
for Baghdad. Whereas the higher and lower of the monthly
average of measured wind energy densities occurred in July
and December respectively for Najaf while it occurred at July
and October for Weibull estimated wind energy density.
Finally, the higher and lower of the monthly average of
measured wind energy densities for Kut Al-Hai occurred in
June and December respectively. Obviously, at selected
heights (60m, 90m, 120m) the site of highest annual average
for measured and Weibull estimated wind energy density was
for Kut Al-Hai, Najaf, and Baghdad respectively.

5. CONCLUSIONS

Assessment of annual wind energy potential for wind energy
applications at Baghdad, Najaf, and Kut Al-Hai was analyzed
in this study. The main results and conclusions from this study
are as follows:

1. At stations elevation of selected sites, the annual
average of measured and Weibull estimated wind
velocities was higher for Najaf, Kut Al-Hai, and
Baghdad, respectively.
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2. At selected heights of selected sites, the annual
average of measured and Weibull estimated wind
velocities were higher for Kut Al-Hai, Najaf, and
Baghdad, respectively.

3. At stations elevation, the estimated annual average
of shape and scale factors were (3.4860, 3.0112, and
2.6851) and (4.3650, 4.8509, 4.3576 m/s) for
Baghdad, Najaf, and Kut Al-Hai respectively.

4, At stations elevation, the wind classes for selected
sites were fair. While the wind classes were fairly
good at (60, 90, and120 m) for Kut Al-Hai site,
fairly good at (90m, and 120m) for Najaf site,
finally fairly good for Baghdad site just at (120 m).

5. According to the annual average of wind velocities
and wind classes at stations elevation of selected
sites, It is worth mentioning that the selected sites
are suitable for off-grid applications in remote and
populated areas such as pumping water, batteries
charging, lightening of streets, and domestic
applications.

6. Baghdad site at the selected height of (120m),
Najaf site at selected heights of (90m, and 120m),
and Kut Al-Hai site at selected heights of (60m,
90m, and 120m) are suitable for large-scale wind
turbines according to the annual average of wind
velocities and wind classes.

7. According to the values of determination factor and
root mean square error in the Table. 4, the statistical
model of Weibull distribution have a good accuracy
in estimating the site's actual data.

8. The present study recommends analyzing the wind
energy potential and wind data of other sites for
determining suitable sites for wind farms
installation.

Table 1. The results of parameters according to measured data and Weibull distribution of Baghdad site at station elevation of (35m).

Year - 2014 Year - 2015
Annual
average
Parameter | Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.
V (m/s) 45172 | 37217 | 32892 | 3.9841 | 3.0608 | 3.1685 | 3.3477 | 3.4607 | 4.0493 | 3.8804 | 5.0977 | 5.5056 4.0652
(%2}
S
j]
g & (mls) 14814 | 1.0927 11291 | 1.8463 | 09625 | 10970 | 11749 | 0.9992 1.2683 | 1.0155 | 1.4568 | 1.6767 1.2667
@
=3 PD (W/m?) 56.860 | 31.466 | 21.722 | 38.602 | 17.504 | 19.147 | 22901 | 25299 | 40529 | 35666 | 80.862 | 101.87 41.008
=}
(]
5 ED
§ 41.860 | 22.656 16.161 | 27.794 | 13.023 | 14.446 | 15390 | 18.823 | 29.181 | 26535 | 58.221 | 75.789 359.88
= (kWh/m?)
K(-) 33712 | 38030 | 32075 | 23126 | 3.5291 | 31775 | 31310 | 3.8732 | 3.5444 | 43111 | 39169 | 3.6545 3.4860
c(-) 50365 | 41234 | 36761 | 44977 | 3.4049 | 34526 | 37455 | 3.8304 | 4.5034 | 4.2682 | 56386 | 6.1131 4.3650
&
2 V (m/s) 45227 | 37268 | 32929 | 3.9848 | 3.0649 | 31719 | 3.3512 | 34655 | 4.0547 | 3.8854 | 51048 | 5.5130 4.0701
IS
% & (m/s) 14803 | 1.0044 | 11271 | 1.8284 | 0.9627 1.0049 | 11722 | 1.0010 | 12687 | 1.0185 | 1.4596 | 1.6781 1.2655
o
3 PD (W/m?) 74736 | 39.734 | 29546 | 64.690 | 22786 | 26532 | 31529 | 31728 | 52.657 | 43000 | 10098 | 130.67 48.1716
S
= ED
55.604 | 28.608 | 21.982 | 46577 | 16.952 19.740 | 21.188 | 23.605 | 37.913 | 32059 | 72705 | 97.999 474.16
(kWh/m?)
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Table 2. The results of parameters according to measured data and Weibull distribution of Najaf site at station elevation of (32m).
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Year - 2014 Year - 2015
Annual
average
Parameter | Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. g
V (m/s) 45194 | 35414 | 33531 | 38277 | 3.3256 | 39124 | 43623 | 4.0153 | 47719 | 45861 | 56332 | 6.2054 4.5058
(%]
£
[
B o (m/s) 15849 | 1.0839 12175 | 1.8638 | 1.3994 | 17625 | 22164 | 14754 | 20648 | 13704 | 17320 | 1.6297 1.6167
IS
@
=] PD (W/m?) 56.363 | 27.119 | 23.109 | 34242 | 22457 | 36566 | 50.687 | 39528 | 66.347 | 58.895 | 109.15 | 145.90 55.856
=]
()
5 ED
§ 41.39 18.22 17.13 24.65 16.71 26.33 37.71 29.41 47.77 43.82 78.59 108.55 489.35
= (kWh/m?)
K (-) 31334 | 36345 | 3.0169 | 21911 | 25690 | 23849 | 20919 | 29781 | 24921 | 37307 | 3.6168 | 4.2947 3.0112
S 50562 | 39333 | 37575 | 43224 | 37471 | 4.4149 | 49254 | 45020 | 53805 | 50865 | 6.2583 | 6.8272 4.8509
(2]
S
2 V (m/s) 45241 | 35462 | 33562 | 3.8280 | 3.3271 | 39133 | 43625 | 4.0189 | 47736 | 45924 | 56408 | 6.2135 4.5100
IS
S & (m/s) 15813 | 1.0847 12137 | 18435 | 1.3894 | 17467 | 21901 | 14703 | 20485 | 13721 | 17331 | 1.6344 1.6090
o
E PD (W/m?) 77564 | 34.866 | 32316 | 60.044 | 34789 | 59.802 | 92695 | 55888 | 10501 | 74929 | 14062 | 176.49 69.590
&
= ED
57.71 23.43 24.04 43.23 25.88 43.06 68.96 41.58 75.61 55.75 10124 | 13131 688.24
(kWh/m?)
Table 3. The results of parameters according to measured data and Weibull distribution of Kut Al-Hai site at station
elevation of (17m)
Year - 2014 Year - 2015
Annual
average
Parameter | Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. g
V (m/s) 45161 | 34650 | 39388 | 52659 | 2.6126 | 3.1077 | 4.1436 | 2.8046 | 35804 | 3.3673 | 53341 | 4.5295 4.0727
(2
S
Q
B & (mis) 22695 | 11335 | 20856 | 3.6500 | 0.9478 | 12965 | 21781 | 09451 | 13962 | 11018 | 17481 | 1.7690 1.7101
IS
@
g PD (W/m?) 56.322 | 25439 | 37.366 | 89.290 | 10.905 | 18353 | 43503 | 13489 | 28066 | 23347 | 92805 | 56.825 41.3091
k=]
(&)
5 ED
§ 41903 | 18316 | 27.800 | 64.289 | 08.113 | 13655 | 29.234 | 10036 | 20.208 | 17.370 | 66.819 | 42.278 360.02
= (kWh/m?)
K (-) 21170 | 3.3805 19998 | 14911 | 3.0198 | 25933 | 20157 | 3.2727 | 27911 | 33793 | 3.3737 | 2.7866 2.6851
S 50993 | 38629 | 4.4445 | 58321 | 29276 | 35008 | 4.6763 | 3.1315 | 4.0241 | 37540 | 59471 | 5.0912 4.3576
(2
S
2 V (m/s) 45162 | 34693 | 39388 | 52688 | 26151 | 3.1092 | 4.1437 | 28079 | 35828 | 33714 | 53406 | 4.5326 4.0753
IS
[
= o (ms) 22431 | 11327 | 20591 | 35790 | 0.9449 12875 | 21508 | 09439 | 13892 | 11011 | 1.7469 | 1.7600 1.6964
o
3 PD (W/m?) 10185 | 33750 | 71373 | 24529 | 15301 | 28250 | 82447 | 18169 | 41.201 | 30.979 | 12323 | 83506 53.401
&)
= ED
75.78 24.30 53.10 176.61 11.38 21.02 55.40 13.52 29.66 23.05 88.73 62.13 634.69
(kWh/m?)
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Table 4. The results of annual parameters at selected heights of selected sites in the present study.

Parameters of measured quantities Estimated parameters of Weibull distribution Fit goodness
- Height — —
Sites 9 \" PD ED \" PD ED
(m) K(-) | ¢c() R2 RMSE
(m/s) | (W/m?)| (kWh/m?) (m/s) | (W/m?)| (kWh/m?)
60 46692 | 61.9851 543.96 3.6598 4.9646 4.6252 | 69.7959 679.59 0.9961 0.0962
=]
§ 90 5.1820 | 84.4837 741.41 3.8024 5.4695 5.0937 | 92.2368 891.09 0.9875 0.1984
j=))
[~
o 120 5.5797 | 105.152 922.78 3.9105 5.8588 5.5324 | 112.370 1079.8 0.9189 0.0188
60 5.2958 | 90.4407 792.34 3.1877 5.6035 5.2007 | 104.623 1022.7 0.9906 0.2516
fg 90 5.8775 | 123.268 1079.9 3.3130 6.1502 5.7035 | 136.105 1320.7 0.9745 0.4622
z
120 6.3285 | 153.425 1344.1 3.4080 6.5703 6.0905 | 163.991 1583.2 0.9586 0.6336
- 60 5.6318 | 108.768 947.94 3.0207 5.8864 5.4617 | 123.838 1363.1 0.9725 0.3776
T
<—;: 90 6.2503 | 148.247 1292.0 3.1471 6.4847 6.0064 | 162.433 1749.2 0.9533 0.5436
E 120 6.7299 | 184.514 1608.1 3.2435 6.9460 6.4271 | 196.889 2089.3 0.9371 0.6758
Table 5. Wind classes of selected sites at selected heights according to international wind classification.
_ Wind classes at station Wind classes at selected heights
Selected Sites heights
g (60m) (90m) (120m)
Baghdad Fair Fair Fair Fairly good
Najaf Fair Fair Fairly good Fairly good
Kut Al-Hai Fair Fairly good Fairly good Fairly good

Monthly and annual average
wind velocity (m/s)

The measured and Weibull estimated wind velocity at stations elevation of selected sites

~3
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velocities are approximately identical

The measured and Weibull estimated wind
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Fig 1: A monthly and annual average of wind velocity at stations elevation.
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Fig 3: Weibull probability density function (PDF) and cumulative distribution function (CDF) at stations elevation.
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Fig 4: The monthly and annual average of wind power densities at stations elevation.
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Fig 5: The annual average of wind power densities at selected heights.
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Fig 6: A monthly average of wind energy densities at stations elevation.
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Fig 7: The annual average of wind energy densities at selected heights.
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