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ABSTRACT

 The energy demands of today are vast and require generation of large quantities of electrical power. This demand has 

typically been met with use of fossil fuels but the world has set aspirations and targets to reduce emissions from power 

generation and increase the role of renewable energy technologies. Renewables have typically been utilized on large scale 

developments to address this situation but this raises problems. The intermittent nature of renewables on the grid, the remote 

locations far from points of utilization and public opposition to developments of wind farms especially.

This research evaluate the reliability of investigation the possibility of using the wind energy in each Iraqi governorate and the 

utility of this clean energy depending on an actual and official data. The results are presented in histograms to the comparison 
more easy and to led to acceptable decisions.

INTRODUCTION:
The human race has been harnessing the energy of the wind 
as far back as 5000 BC. The earliest known use was in Egypt 
where the wind propelled boats along the Nile River. The utili-
zation of wind has been the primary form of  power  for trans-
portation of vehicles across water until recent times. The first 
windmills were found in 200 BC, they used and designed to 
automatic relatively simple tasks like gain grinding and water 
pumping. The first use of a large windmill for electricity gener-
ation was in 1888. This was the first use of a step-up gearbox 
in a windmill which was to rotate the generator at the required 
rotational speed. Industrialization in the world led to a gradual 
decline in wind generation. The steam engine and the use of 
the cheap fossil fuels led to this decline. For a wind speed of 
30 m/hr(13.4 m/s) the turbine was rated at 1.25 MW. This was 
used to power the local utility during the second world war.  [1]

A windmill was designed in the shape of an eggbeater in the 
1930s, Fig.(1). This was utilizing a vertical axis for the shaft 
rather than a conventional horizontal shaft. This design was 
not widely adopted.

Fig.(1) a windmill

The end of the second world war shown a dropping in the 
prices of  fossil fuel and also the interest in wind turbines. 
The rising in the energy price and the questionable availability 
of fossil fuels led to the realization that alternative means of 
power generation were required. The development and re-
finement of the wind turbine continued but it was not until the 
development of machines rated at 55kw in 1980 that the mar-

ket for wind turbines took off. Fig.(2) shows a modern wind 
farm. The development brought very little radical changes to 
the designs but the ratings of the turbines increased and pro-
duced devices of 4.5 MW.  [1,2]

Effectively all renewable forms of energy (with the exceptions 
of geothermal and tidal) are types of solar energy. It is the 
power that radiates from the sun which enables renewable 
technologies of energy to exist. In a single hour the sun ra-
diates approximately 175 billion kwh of energy and approxi-
mately 1-2 percent of this is converted into wind energy. [2]

Fig.(2) a modern wind farm

The earth circulates around the sun and receives light and 
heat from the sun daily. It is the heat that the earth receives 
to create wind. Fig.(3) shows that the surface of the earth has 
a temperature gradient. The majority of the heat from the sun 
is received at the equator and it gradually reduces towards 
both poles. [3]
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Fig.(3) Earth surface temperature variations

This temperature gradient creates wind. The wind forms due 
to the movement of air from areas of high pressure to low 
pressure. [3]

2.1 Basic Design of Wind Generators:
Wind turbines are classified into two general types: horizontal 
axis and vertical axis. A horizontal axis machine has its blades 
rotating on an axis parallel to the ground. A vertical axis ma-
chine has its blades rotating on an axis perpendicular to the 
ground. There are a number of available designs for both and 
each type has certain advantages and disadvantages. How-
ever, compared with the horizontal axis type, very few vertical 
axis machines are available commercially. The horizontal axis 
is the most common wind turbine design. Some of these de-
signs are shown in Fig.(4)            [5]

Fig.(4) Different designs of wind rotor

The power density is given by:        [7]

P =  ½ ρ
a
 A υ3……………………./1/

where P  is the power (w), ρ
a 
 is air density (kg/m3), A is the 

cross-sectional in square meters swept out by the wind tur-
bine blades and  υ is the wind speed (m/s).

The simplified power equation in metric units is:                [7]

P = 0.625 A υ3 ………………………./2/

where  P is power in watts, and  υ is the wind speed in meters 
per second.

Swept Rotor Area is given by: 

A= π r2 ……………………………/3/

where ( r ) is the rotor radius(half the diameter, or the distance 
from the hub to a blade tip).

A short-hand method for calculating wind power densi-
ty in metric units(w/m2) when the wind speed is known is:                             
[7]

Wind power density= 0.056 υ3 …………………………./4/

Where  υ is in miles per hour. When  υ is in meter/second, 
then:

Wind power density= 0.625 υ3 ………………………/5/

where  υ is in meters per second.

The ratio of the actual power output compared to the theoreti-
cal available is known as the power  coefficient(C

p
).

C
p
=Actual power/Available power ………………/6/

Therefore the power density of the wind turbine in terms of 
(C

p
) is: [7]

P=1/2 C
P 
 ρ

a
 A υ3 ………………………/7/

The value of C
p 
is very unlikely to exceed the value of 0.593.

The above equation shown shows that the wind speed has a 
major effect on the power output from the turbine. The power 
in the wind is proportional to the cube of the wind speed. The 
relationship between the power output and the wind speed 
can be shown from Fig.(5).

Fig.(5) Output power vs wind speed

2.2 Correlation factor:
The correlation factor of the wind energy generation is impor-
tant and can be calculated by dividing the average speed of 
the wind at the site by its average speed at the station.

Site = 10.7 m/hr
------------------------------------ = 0.93………………../8/

Weather station = 11.5 m/hr

For an example, if the site’s estimated annual average wind 
speed is:

11.1 m/hr x 0.93 = 10.3 m/hr………………………./9/

Ideally, the correlation should be done for each of eight sec-
tions of wind direction.     [7]

3. CALCULATION AND RESULTS:
3.1 Distribution of wind farms in Iraq:
To apply the distribution of the wind farms along the country 
measurements for the average wind speed (monthly and an-
nually) in some areas must be studied to give the appropriate 
decision of choosing the suitable areas for this purpose. Ta-
ble-1 gives the actual wind speed(m/s) in Iraqi governorates 
for the period of (1981-2012).      [9]
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Table-1: Monthly wind surface speed for some areas in 
Iraq

AnnualDNOSAJJMAMFJMonth 
2.21.61.61.82.22.62.72.82.72.42.32.32.0Mosul
2.82.32.42.52.72.42.83.03.33.13.03.12.7Kirkuk
3.93.13.23.34.04.45.14.75.14.83.93.73.3Nasiriyah
3.32.72.72.83.33.64.04.13.33.13.53.33.0Hilla
3.12.52.5 2.52.93.44.75.13.45.33.43.12.8Barah
3.42.82.52.6 2.73.54.23.73.74.14.33.73.5Rutba

The annual average distribution of wind the speed in Iraq for 
the period of(1981-2012) is shown in Fig.(6). The direction 
of these winds in Iraq is illustrated in Fig.(7), from which a 
decision can be attained to choose the suitable areas for the 
distribution of wind farms along the country. [9]

                                  

Fig.(6) Annual average distribution of wind speed
                    

Fig.(7) Wind direction in Iraq

3.2 Calculations:
For the calculations, the wind speed of one meter per second 
is changed to be as 2.24 miles per hour. One square meter is 
taken 10.78 square feet. The area swept by most wind turbine 
blades is circular.

For a wind speed of 15 m/hr , standard air density, and with 
a rotor radius of 10 feet. The wind power can be calculated 
from equation /1/ as:

P = 0.0052 A υ3………………………../10/

P = 0.0052(314 ft2)(15m/h)3

P = 5.511 kilowatts

Wind power density is normally expressed in metric units 
which are watts per square meter(w/m2). The wind power 
density then:

w/(A/10.76) = 5511w/(314ft2/10.76ft/m2)

= 5511w/(29.182w/m2)

= 189 w/m2

The results of obtained power of the selected governorates 
are illustrated in Figs.(8-14).
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Fig.(8) power measurements for Mosul
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Fig.(9) power measurements for Kirkuk
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Fig.(10) power measurements for Nasiriyah
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Fig.(11) power measurements for Hilla
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Fig.(12) power measurements for Basrah
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Fig.(13) power measurements for Rutba
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Fig.(14) Annually average power measurements for some 
areas in Iraq 

More work was done to calculate the power measurements 
in the recommended  areas of Iraq with different dimensions 
of blades. The histograms of  power obtained from one meter 
blades of the wind turbines are shown the Figs.(15-22).
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Fig.(15) power measurements (1 meter blade length) of 
Mosul
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Fig.(16) power measurements(1 m) for Kirkuk
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Fig.(17) power measurements(1 m) for Nasiriyah
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Fig(18) power measurements(1 m) for Hilla
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Fig.(19) power measurements (1 m) for Basrah
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Fig.(20) power measurements(1 m) for Rutba
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Fig.(21) power measurements(1 m) for all areas

The histograms of power measurements for 2 meters length 
of the blades are shown in the Figs(22-28).
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Fig(22) power measurements (2 m) for Mosul
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Fig(23) power measurements(2 m) for Kirkuk
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Fig.(24) power measurements (2 m) for Nasiriyah
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Fig.(25) power measurements (2 m) for Hilla
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Fig(26) power measurements(2 m) for Basrah
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Fig.(27) power measurements (2 m) for Rutba
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Fig.(28) power measurements (2 m) for all areas

The power measurements for 3 meters length of the blades 
are shown the Figs.(29-36).
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Fig.(29) power measurements (3 m) for Mosul

POWER MEASUREMENTS(WATTS) IN 

KIRKUK

0

100

200

300

400

500

600

700

DNOSAJJMAMFJ

MONTHS

P
O

W
E

R
 (

W
)

Fig.(30) power measurements (3 m) for Kirkuk
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Fig.(31) power measurements (3 m) for Nasiriyah
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Fig.(32) power measurements(3 m) for Hilla
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Fig.(33) power measurements(3 m) for Basrah
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Fig.(34) power measurements (3 m) for Rutba
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Fig.(35) power measurements (3 m) for all areas

The power measurements of the wind for 4 meters length of 
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the blades are shown the Figs(36-43).
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Fig.(36) power measurements (4 m) for Mosul
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Fig.(37) power measurements (4 m) for Kirkuk
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Fig.(38) power measurements(4 m) for Nasiriyah
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Fig.(39) power measurements(4 m) for Hilla
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Fig.(40) power measurements(4 m) for Basrah
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Fig.(41) power measurements(4 m) for Rutba
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Fig.(42) power measurements(4 m) for all areas 

The power measurements of the wind for 5 meters length of 
the blades are shown in Figs.(43-50).
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Fig.(43) power measurements(5 m) for Mosul
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Fig.(44) power measurements(5 m) for Kirkuk
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Fig.(45) power measurements(5 m) for Nasiriyah
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Fig.(46) power measurements(5 m) for Hilla
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Fig.(47) power measurements(5 m) for Basrah
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Fig.(48) power measurements(5 m) for Rutba
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Fig.(49) power measurements(5 m) for all areas

4 DISCUSSION AND CONCLUSION:
-    The energy supply market is very competitive, le by utilities 
and fuel companies that meet nearly all our energy demands. 
Alternative energy sources like wind power provide new op-
tions and certain advantages, but to be truly competitive with 
conventional energy sources, they also must be economical.

-  The cost of a wind system has two components: initial in-
stallation costs and operating expenses. The initial installa-
tion cost includes the purchase price of the complete system 
(including tower, wiring, utility interconnection or battery stor-
age equipment, power conditioning unit, etc.) plus delivery , 
installation charges and professional fees.

-   The major points involved in a wind energy decision, con-
densed into a series of the following steps:

*  Evaluating energy requirements.
* Evaluating the measured efficiency of the energy and com-

pared with the other         alternative energies.
*  Evaluating legal, social and environmental issues.
*  Evaluating wind resources.
*  Determining the wind system application.
*  Buying a wind system.
*  Determination the requirements for utility interconnection.
*  Evaluating the wind system economics.
*  Refine system design.

-    In this work only seven governorates are taken in the con-
siderations, in which there is always winds, during the year. 
[9]

-     The study and analysis of results leading to that all the 
obtained histograms have the same shape distribution (con-
cave down shape). This means that the wind energy gener-
ally increases from the first months of the year to reach its 
maximum value at the nearly mid months of the year then 
starts to decrease and reaching to its minimum value at the 
last three months of the year.

-     From histograms of power estimation:

In Mosul the ideal period for wind generation is during the 
months March to August and the peak value in June as shown 
in Fig.(8).

In Kirkuk the optimum period is during January to July where-
as the peak value is during May as shown in Fig.(9), while 
the power in September has higher value by comparison with 
those in Mosul Fig.(8). The optimum period in Nasiriyah is 
limited between March to October and the most useful time 
is in May and July as appeared in Fig.(10). The best period 
in Hilla is during February to October and the peak time is 
in June as shown in Fig.(11). This histogram is showing a 
uniform concave distribution along the year unless peakdown 
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in April and May, but in Hilla the power obtained is nearly half 
that obtained in Nasiriyah. In Basrah the useful time for using 
the wind generators is from April to July and the maximum 
value is in April as illustrated in Fig.(12). Basrah has a very 
bad wind or power distribution, while it has a high peak value 
of (2700w). That means, the wind generator can not invest-
ed worthy only three months, which are April, June and July. 
Other months from January to September have a rare power 
greater than that obtained in Mosul. The best period in Rutba 

is during the period of January to August whereas the peak 
value is in March as shown in Fig.(13). The histogram of Rut-
ba is showing that there is a wide period to utilize the wind 
energy for the electrical generation in a high rate of power. 
This period reaches to eight months. The annually average 
power estimations for the mentioned areas in Iraq are shown 
in Fig.(14), from which it appears that the recommended are-
as for the distributing wind generators in Iraq are Nasiririyah , 
Rutba, Hilla and Basrah respectively.
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