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Abstract

Assessment of wind resources is an important issue in the wind industry. This
study aims to assess wind energy in southern Iraq, especially in the Ali Al-Gharbi
region. It includes field data for the wind speed at two altitudes (30 and 50m) in 2017,
using the Weibull Distribution, wind power density and wind energy density equations.
The probability density distribution of mean wind speed and daily, monthly, and
seasonal wind speeds were calculated. The monthly mean wind power density and
wind energy density at heights (30 and 50m) were estimated. The suitable wind turbine
in this study area was the Unison U50. The capacity factor was assessed. The results
showed a northwesterly prevailing wind speed direction in the study area. Mean wind
speed increases during day hours and decreases during night hours throughout the four
seasons. The highest monthly mean wind speed is in May and June. The highest
seasonal mean wind speed is in spring and summer, while the lowest is in winter and
autumn. The highest monthly mean of wind power density and wind energy density
were in June, while the lowest values were in February. The highest monthly values of
wind power, wind energy, and capacity factor were (5851.11kW, 4212802.15kW.h,
78%) respectively, while the lowest monthly values were (1080.43kW,
777913.34kW.h, 14%), respectively.

1. Introduction
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alternative, or

environmentally friendly energy) in energy use and consumption [1-3]. Carbon dioxide
(CO,) emissions are the main product associated with the old ways of energy
production, such as fossil fuels [4]. It is believed that temperature rise is not due to
increased solar radiation reaching the Earth’s surface, but rather due to other reasons,
including increased concentrations of greenhouse gases [5]. Green energy sources are
clean, environmentally friendly, and renewable, and do not emit harmful gases, such as
carbon dioxide, nitrogen dioxide, and methane, that pollute the environment, and since
their source are natural, they are not exhausted [6]. Renewable energies have the
potential to provide relatively clean energy [7]. Renewable energy generation and its
technologies are many and different. They can be generated from wind, sun, ocean,
biomass, hydropower, and geothermal energy resources [8]. Wind energy has recently
been considered one of the fastest-growing energy sources due to its numerous
applications and advantages. Most energy-generating stations require large amounts of
water, and wind energy does not require water to generate [9, 10]. Although wind farms
are becoming increasingly common, some variables must be considered for their
successful construction. One such criterion is to conduct a wind resource evaluation to
determine the availability of energy at a potential location [11]. The most important
parameter that must be considered when designing and studying wind power conversion
systems is wind speed [7]. Several factors affect the electrical power generated by a
wind turbine, including the wind characteristics and turbulence intensity; as the
turbulence intensity increases, this leads to a decrease in the energy produced. Wind
energy production is best suited to areas with strong wind speeds and moderate
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turbulence intensity [12]. Resen [1] conducted an assessment on wind resources in the
Ali Al-Gharbi site. The results showed that the Ali Al-Gharbi site is the most suitable
region in southern Iraq for wind energy production. Rasham [13] analyzed wind speed
data and potential annual wind energy in three locations in southern Irag (Amara,
Nasiriyah, and Basra) and concluded that the highest rates of wind energy and wind
power densities are during summer and spring. Bashar et al. [14] analysed wind speed
data in four locations in southern Irag (Amara, Nasiriyah, Basra, and Al-Hay) and
concluded that the highest rates of wind energy and wind power densities are during
summer and spring. Kareem [15] used the SAM program to evaluate wind energy. He
reached the best productivity in the prevailing wind direction for the study area. Jung
and Schindler [16] studied the efficiency and effectiveness of using global onshore
wind energy. The capacity factor was used to analyse wind data. It was concluded that
81% of the world's onshore wind turbines are located in suitable locations; however,
effectiveness of global wind is very rare. Abdulmenam et al. [17] studied atmospheric
stability and its impact on wind power density for an entire year. The results showed
that the highest monthly wind speed, wind power density, and wind energy density were
noticed in June and July.

2. Measurement Site and Characteristics

Ali Al-Gharbi city is located 110 km northeast of Amara province and 27 km from
the Iragi-Iranian borders, at longitude and latitude of 32.4617°N and 46.6878°E,
respectively. It is situated at an altitude of 44 meters above sea level. Field data was
recorded from Ali Al-Gharbi meteorological station installed in the meteorological
tower to monitor wind speed and its direction, temperature, in addition to other
secondary parameter (neglected in this study), such as relative humidity, pressure,
radiation intensity, and rainfall, etc. at 10-minute intervals and different heights (10, 30,
50 m) that approved by the Ministry of Iragi science and technology. The device
installed on the meteorological tower were (Stylitis-100) loggers from the Greek
company (Symmetron), and sensors from the American company (Renewable NRG
Systems). Table 1 describes the sensor type, country of mmanufacture, sensor time
interval accuracy and working sensor range.

Table 1: Specifications of the sensor installed in Ali Al-Gharbi meteorological tower.

Sensor Working

Sensor Country of .
Parameter Time Accuracy Sensor

Type Manufacture

Interval Range
NRG | Horizontal | United States 10 +0.15ms? | (0.33ms™
#40C | Component | of America minutes to (24 ms™

of Wind
Speed

Fig. 1 (a and b) shows the location of the study area on the map and the
meteorological tower of 50m height. The sensors were installed on the tower at three
altitudes (50, 30 and 10 m). Building a tower to monitor and evaluate weather
parameters is one of the projects that was funded by the Ministry of Science and
Technology for scientific research (Iragi government) under the project of wind energy
and the construction of wind farms mission, in Ali Al-Gharbi region, because it
considered one of the most promising areas in terms of producing electrical energy
using wind turbines.
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Figure 1: (a) Location of the study area on the map, and (b) the meteorological tower at
height 50m, which displays the sensors installed at three heights (10, 30, and 50m).

3. Methodology

This research analyzed wind data (speed and direction) and evaluated wind energy
in the Ali Al-Gharbi region based on field data from the meteorological stations
installed in the study area employing a selected wind turbine placed at a height of 50m.
The capacity factor was calculated to determine whether Ali Al-Gharbi location is
suitable for establishing a wind farm. The data was processed, examined, and analyzed
using (Microsoft Excel 2016), and the illustrations were produced using the (Origin
2024 program).

3.1. Weibull Distribution

The Weibull distribution, named after the Swedish physicist W. Weibull, is
commonly used to model the probability distribution of several natural events. Weibull
initially employed this distribution in his studies of material strength in tension and
fatigue in the 1930s. The Weibull distribution has been a subject of interest for
statisticians in both theoretical and methodological aspects, as well as in numerous
branches of statistics, for over fifty years. Countless scholarly articles, possibly even in
the thousands, have been dedicated to studying this particular distribution, and the
research on it is still in progress. Undoubtedly, the Weibull distribution is the most
widely used model in statistics. The theory-oriented statisticians find it highly intriguing
due to its multitude of distinctive characteristics that allow it to accommodate data from
diverse fields such as life sciences, meteorology, economics, healthcare, physics, social
sciences, hydrology, biology, and engineering [18]. In this research, the maximum
likelihood method was used to estimate Weibull parameters: the scale (c) and shape
parameters (k).

The maximum likelihood method, with many required features, is the most widely
used technique among other parameters estimation techniques. The Multilevel
Modelling (MLM) possesses numerous desirable sample qualities, rendering it an
appealing choice for utilization. As the sample size increases, the estimate values
approach the true values, indicating asymptotic consistency [19]. The likelihood
function of this random sample is the joint density of (n) random variables and is a
function of the unknown parameter. The shape parameter (k) is

k=< faviInQv) ?=11n<vi)>‘1 o

n k
i=1 Vi n
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when K is determined, the scale parameter (c) can be estimated using the equation
Y
c= v\ (2)
n

where (v;) is the wind speed in time step (i), and (n) is the number of nonzero wind
speed data points [20].

3.2. Average Wind Speed (vy,)

One of the more important variables in the wind characteristics at any particular
location is the wind speed. The average wind speed can be used to determine whether a
wind site is suitable for large- or small-scale energy generation. The following formula
[21] defines the average wind speed (m/s) of a specific place

n
1
Vm == v, (3)
i=1
where (v,,) is the average wind speed, (v;) is the wind speed at (i) time, and (n) is the
number of wind speed data.

3.3. Wind Power Density (WPD)
Power density refers to the power generated per unit area of the turbine's rotor-
swept . WPD is determined in (W/m?) and can be calculated by the following equation
[22, 23]

WPD == pv?3 4)

where: (p) represents the air density and (v) represents the horizontal wind speed. Wind
power is not entirely efficient, with a theoretical maximum mechanical efficiency of
only 59.3% for turbines [24]. Wind energy associations worldwide have worked to
develop wind energy of various types and forms at the altitudes at which wind turbines
operate to compare the available wind energy. This classification determines the
maximum intensity of wind energy from wind at altitudes (30 and 50m) above the
surface of the earth [25]. In the present research, the wind power density and wind
classification at various altitudes (30 and 50m) were computed and identified.

3.4. Wind Energy Density (E)

Energy estimation at a chosen location is one of the most crucial phases in wind
energy projects. The factor used to assess the site's energy potential is typically the
amount of wind energy accessible within the regime across time [22]. Energy can be
expressed as the following equation [26]

E = WPD X T (5)

where T; represents the period, for instance wind energy density, T; equals 720 hrs in a
month [27].

3.5. Wind Turbine Selection

The turbine selected for this work was the Unison U50 with a rated capacity of
750kW. Table 2 shows the main specifications of the chosen turbine.
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Table 2: Wind turbine technical specifications [28].
Technical Specifications of (Unison U50)

Hub height 50 m
Rotor diameter 50 m
Swept area 1963 m?
No. of blades 3

Rated power 750kW

Cut-in wind speed 3m/s
Cut-out wind speed | 25 m/s
Rated wind speed 12.5m/s
Rotational direction | Clockwise

Blade material GRP

Rotor speed, max 28 U/min

Wind class (IEC) 1A

Rotor Upwind rotor with active pitch control

3.6. Capacity Factor
Practically, the capacity factor (CF) is a dimensionless factor calculated by
dividing the energy output by the maximum energy output of an individual turbine. This
approach provides a more objective assessment of the energy output produced.
Therefore, the energy output generated is referred to as the capacity factor. The CF is a
quantitative measure that defines the ratio of the actual output of a power plant or
system to its maximum possible output [29, 30]

E
F= x 1009 6
E rated % (6)

where E is the real power at a specific time, E rated represents the maximum power at a
specific time of a particular turbine. The E rated of the turbines are specified by the
manufacturer [31].

4. Results and Discussion
4.1. Probability Density Distribution

The frequency distribution of wind speed in different wind speed bins is a very
important parameter in estimating energy production. In this study, the Weibull
distribution function was used to evaluate the probability distribution of wind speed
data at two altitudes (30 and 50 m). Fig. 2 shows Weibull probability density functions
with histograms of wind speed data. The distribution is depicted with red line, the bars
show the relative frequency with each bin of wind speed occurring in (1 m.s™), which
appears along the x-axis and is based on the results obtained by wind speed analysis.
The distributions show that the most frequent wind speeds are between (4 —6 m/s) at an
altitude of 30m with annual mean wind speed (4.95 m/s), and (5-6 m/s) at 50m altitude,
with annual mean wind speed (5.7 m/s). Shape parameter values at the two altitudes
were (1.4-1.6), respectively. This indicates that the wind at the site is moderate. Scale
parameter values at the two altitudes were (5.45 and 6.1 m/s), respectively; this
indicates that the wind at the site increases with height.
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Figure 2: Probability density distribution of mean wind speed using Weibull distribution with
annual wind speed data histogram at two altitudes (a) 30 m, and (b) 50 m.

4.2. Wind Direction and Prevailing Winds

Fig.3 (a and b) shows the wind rise based on data obtained from the study area's
meteorological tower at the two altitudes (30 and 50 m). Resen [1] found that the most
common winds in the Ali Al-Gharbi region are northwesterly, with a percentage of prevailing
wind direction of 44.5% at 50 m and 41.6% at 30 m. The prevailing wind direction remains the
same (northwesterly) with changes in altitude.
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Figure 3: A wind rose at two altitudes (a) 30 m, and (b) 50m.
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4.3. Daily Behavior of Wind Speed
The daily behavior of wind speed at the study site at the two altitudes (30 and 50
m) during four seasons is shown in Fig. 4 (a, b, ¢ and d). The wind speed increases
with height, also the wind speed increases during sunrise and decreases during sunset,
as was also concluded by Rasham [13]. During daytime hours, the change in wind speed
with height is small due to the vertical movement of the wind, and the large amount of
mixing between the layers of the boundary layer, and the conditions are unstable. While
during night hours, the change in wind speed with height is large and noticeable due to
the lack of mixing between the layers of the boundary layer, and conditions are stable.
By observing this pattern, the wind speed at an altitude of 50 m was higher than the

mean wind speed at an altitude of 30 m.

)
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Figure 4: Daily behavior of wind speed (m/s) at two altitudes (30 m - 50 m) during four
seasons (a) winter, (b) spring, (c) summer, and (d) autumn.

4.4. Monthly Behavior of Wind Speed
The monthly behavior of wind speed (m/s) at the study site at the two altitudes (30
and 50 m) during the entire year of (2017) is shown in Fig. 5. The highest monthly
mean wind speed values were observed in May and June; the lowest values were in
January and February, as was also concluded by Bashaer et al. [14].
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Figure 5: Monthly behavior of wind speed (m/s) at two altitudes (30 m - 50 m).

4.5. Seasonal Pattern of Wind Speed
The seasonal pattern of wind speed (m/s) at the two altitudes (30 and 50m) and for
an entire year of 2017 is shown in Fig. 6. The highest mean of wind speed at the two
altitudes (30m and 50m) were in spring and summer, while the lowest mean of wind
speed at the two altitudes (30 and 50m) were in winter and autumn.

10 T T T

[__1Mean wind speed (m/s) at 30m|
| Mean wind speed (m/s) at 50m

8 ]

74 4

Mean wind speed (m/s)

Winter Spring Summer Autumn
Seasons

Figure 6: The seasonal pattern of wind speed (m/s) at two altitudes (30m - 50m).

4.6. Wind Power Density and Wind Energy Density
Fig. 7. shows the monthly mean wind power density at altitudes (30 and 50m) in
2017. The highest monthly wind power density values were noticed in June and July.
This result agrees with that of Abdulmenam et al. [17]. While the lowest values were
observed in January and February. Therefore, it can be concluded that the summer
season has a higher wind power density than the other seasons.
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Figure 7: The monthly mean wind power density (w/m?) at altitudes (30m - 50m).

Fig. 8 shows the monthly mean wind energy density at heights (30 and 50m) in
2017. The highest monthly wind energy density was noticed in June and July, which
agrees with the results of Abdulmenam et al. [17]. These months have the highest wind
energy potential in the study location. The lowest monthly value was observed in
January and February. Therefore, it can be concluded that the summer season has a
higher wind energy density than the other seasons.
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Figure 8: The monthly mean wind energy density (w.n/m?) at altitudes (30m - 50m).

4.7. Wind Power Efficiency
Table 3 shows the monthly value of wind power, wind energy, wind energy rated
for the turbine, and capacity factor for 2017 for the Ali Al-Gharbi site. The highest
monthly values of wind power, wind energy, and capacity factor in June were (5851.11
kW, 4212802.15 kW.h, 78 %), respectively. The lowest values were in November
(1080.43 kW, 777913.34 kW.h, 14 %), respectively.
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Table 3: The monthly value of wind power, wind energy, wind energy rated for turbine, and
capacity factor for 2017 for the Ali Al-Gharbi site.
Months  WPD*A (kW)  E (kW.h) Erated (kW.h) CF

Jan. 1481.08 1101926.12 5580000 19%
Feb. 1326.98 891735.93 5040000 17%
Mar. 2468.47 1836543.54 5580000 32%
Apr. 2620.99 1887118.27 5400000 34%
May. 3251.31 2418979.77 5580000 43%
June. 5851.11 4212802.15 5400000 78%
July. 2699.71 2008587.14 5580000 35%
Aug. 2262.55 1683340.02 5580000 30%
Sep. 1723.71 1241071.41 5400000 22%
Oct. 2124.16 1580376.75 5580000 28%
Nov. 1080.43 777913.34 5400000 14%
Dec. 1402.56 1043507.24 5580000 18%

5. Conclusions

By analyzing wind speed and direction data in the Ali Al-Gharbi region for an
entire year, it was found that this region is suitable for producing wind energy by wind
turbines. The findings indicated that the dominant wind speed direction at the research
location is northwesterly. The distributions show that the most frequent wind speeds are
between (4 —6 m/s) at 30m height with an annual mean wind speed of (4.95 m/s), and
(5-6 m/s) at 50m height with annual mean wind speed of (5.7 m/s). Shape parameter (k)
values at the two altitudes were (1.4, 1.6) respectively. This indicates that the wind at
the site is moderate. Scale parameter values at the two altitudes were (5.45 — 6.1 m/s),
respectively. This indicates that the wind at the site increases with height. There is an
increase in mean wind speed during daylight hours and a reduction during night hours
throughout the four seasons. The peak monthly average wind speed occurs in May and
June. The peak seasonal average wind speed occurs throughout spring and summer; the
lowest was observed in the winter and autumn. The wind turbine selected for the study
area was the Unison U50, which was consider suitable for the purpose. In June, the
wind power density and wind energy density reached their peak, whereas, in February,
they reached their lowest monthly means. The highest monthly values of wind power,
wind energy, and capacity factor were (5851.11kW, 4212802.15kW.h, 78%),
respectively, while the lowest monthly values were (1080.43kW, 777913.34kW.h,
14%), respectively. The terrain's low degree of roughness contributed to stability in
wind direction and setting up a wind farm is simple. This study was conducted to
determine the potential of wind energy in the Ali Al-Gharbi region. The Ali Al-Gharbi
region will make a significant contribution to the future electrical energy needs of Iraq
through the wind industry. After verifying this study and through the results, it is
recommended to study the impact of atmospheric stability when evaluating wind energy
at any location, in addition to studying the impact of atmospheric stability on the
structure and life of the wind turbine.
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