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Figure 5. Wind Power, Existing World Capacity, 1996-2010
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Full load hours per year LS
(hly) Factor

(%)
Algeria 1,789 20
Bahrain 1,360 16
Egypt 3,015 34
Iraq 1,789 20
Jordan 1,483 17
Kuwait 1,605 18
Lebanon 1,176 13
Libya 1,912 22
Morocco 2,708 31
Oman 2,463 28
Qatar 1,421 16
Saudi Arabia 1,789 20
Syria 1,789 20
Tunisia 1,789 20
UAE 1,176 13
Yemen 1,483 17

Source: Al-Karaghouli A."Current Status of Renewable Energies in the
Middle East — North African Region”, UNEP/ROWA, June 2007. Capacity
factor refers to the percentage of average annual full load hours to total
annual number of hours (8760 hly).
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4.83
424
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==8.00

Annual average wind speed at 80 m
abowe ground level {m/s)

Source: German Aserospacs Agency (DR}

30
WIND POWER POTENTIAL IN THE MENA REGION

(Gigawatts of generation capacity)
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Source: “Concentrating Solar Power for the Medliterranean Region™ (MED-CSP), German Aerospace
Agency (DLR), 2005
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. Blades

. Rotor

. Pitch

. Brake

. Low-speed shaft
. Gear box

. Generator

. Controller

. Anemometer

. Wind Vane

. Nacelle

. High-speed shaft
. Yaw drive

. Yaw motor

. Tower
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Power Coefficient (factor)
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P/A= 0.5xpxV?3

Leie 32LEY 1 Sadl) 43U
P/A=0.5xpxV3x 16/27
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P/A=0.5xpxV3x 16/27xn

0 S o 15 20 s
= Total power input;

M = Llzable power input [Betz' law];

M = Turbine power output
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U (h)=7.7m/s \ :
> -
h i h=80m Il
UM =U(h,) — ;
r Uh)=7.0mis
T ’/
In(hj Srl ! \ wind
Z, Shear
U()=U(h,) , 2 Profile
() IR | -
- Tatle {12) Varition ofZy &nd m wth tarin ood, 2002

h, : “reference height”

m: A function of wind speed, surface roughness (may TYPE o terain Zﬂ(m) I
vary with wind direction), and atmospheric stability water 0,001 001
(changes from day to night)

Z, 1s the “roughness length” i.e. the height above ground Upet CUU““Y 00z it
level where the wind speed is theoretically zero. fomland with fewtrees ete 00 016

armland wih many rees,forets e, mllages {03 0928
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Generated electricity
Capacity factor =

Installed capacity x No. of hours of the year (8760h)
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(o)

an

Rotor Diameter, m
[ R

P

02979303m

Source: Paul Gipe, Wind Energy Basics

Ref.: Small wind Electric Systems; US DoE,
EERE Indiana consumer guide
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PV modules

Generator

Regulation and
conversion

Ref.: Small wind Electric Systems; US DoE, Sattery bank

EERE Indiana consumer guide
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Inverter

Wind
turbine

Ref.: Small wind Electric Systems; US DoE,
EERE Indiana consumer guide
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1. Example of a system with gearbox Rotor blade $ 2. Example of a system without gearbox
Output: 2.0 Megawatt Output: 5.0 Megawatt
Rotor diameter: 80 metre Rotor diameter: 114 metre
Tower height: approx 80 metre Anemometer Tower height: approx 124 metre
Speed: 9 - 19 revolutions Speed: 8 - 13 revolutions per minute
per minute
Rotor blade
Control
Rotor blade
he 9 Azimuth motor
Rolorshun ; rotates the whole
2 ¥ ] v nacelie in the wind
) i ’ Brake
Brake .
locks the : e o SRR : ’ é X locks the
rotor during

maintenance’ s
W rotates the whole

nacelie in the wind

work or storm
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Source: Dr. Carsten Hein Westergaard, Wind Energy Technaiogy, Austin, September 2010, Vestas Technology R&D Americas, Inc.
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Ref.:WIND TURBINE TECHNOLOGY OVERVIEW, 2005, available at www.powernaturally.org
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Existing early 2011: ~910

MW

1500 MW
by 2020

200MW
by 2016
h277 MW , m
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N

1200 MW
by 2020

~3700 MW
by 2030

1500 MW
by 2020
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