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INTRODUCTION 
 Wind power is the use of air flow through wind turbines to 

mechanically power generators for electric power. 

 Wind power is an alternative to burning fossil fuels. 

 It is plentiful, renewable, widely distributed, clean, consumes no 

water and uses little land. 

 The net effects on the environment are far less problematic then 

those of non renewable sources. 

 After first oil crises in 1973 government and utilities were 

interested in the development of large wind turbines as power 

plants for the grid. 

 Then starting in 1980’s the market was driven by distributed 

wind. 

 



4 

 Now the wind turbine generators become “Main Stream 

Generation” for utility grid networks in many countries with 

wind power potentials.  

 Examples: in Europe, USA, India and China; other countries 

are steadily increasing wind power capacity. 

 Pakistan meteorological department has conducted a detailed 

wind power potential survey of costal areas of Pakistan and 

ministry of science and technology has provided the required 

funding for this purpose. 

 Pakistan is developing wind power plants in Jhimpir, Gharo, Keti 

Bander & Bin Qasim in sindh. An other area with potentials is 

Sawat which shows good wind conditions. 

 

INTRODUCTION (cont..) 
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WIND TURBINE AND ITS WORKING 
 Wind turbine is a device which harness the power or kinetic 

energy of wind and use it to generate electricity. 

 A wind turbine is a device for converting the kinetic energy in 

wind into the mechanical energy  of a rotating shaft. Usually that 

rotating mechanical energy is converted immediately by a 

generator into electrical energy.  

 A wind turbine works opposite of a fan. Instead of using 

electricity to make wind, like a fan, wind turbine uses wind to 

make electricity. 

 The energy in the wind turns three to four  propeller-like blades 

around a rotor. The rotor is connected to the main shaft, which 

spins a generator to create electricity. 
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STRUCTURE OF WIND TURBINE 
 The basic components of a wind turbine are as follow. 

 Anemometer, controller, Blades, High speed shaft, Low speed 

shaft, Gear Box, Generator, Nacelle, pitch, Rotor, Tower, Wind 

Vane, Yaw drive, Yaw motor.  
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STRUCTURE OF WIND TURBINE( CONT…) 
 Anemometer. Measure the Wind speed and transmits wind speed 

data to the controller. 

 Controller. Receives Data from Anemometer and Starts up the 

machine at wind speeds of about 8 to 16 miles per hour(mph)  

and shuts off the machine at about 55 mph.Turbines do not 

operate at wind speeds above about 55 mph because they may be 

damaged by the high winds. 

 Blades. Lifts and rotates when wind is blown over them, causing 

the rotor to spin. Wind turbines have one, two, three or multiple 

blades based upon the construction. Multiple blades concept is 

used in early days for pumping water and grinding etc. 

  High speed shaft. Drives the Generator. 

 Low Speed Shaft. Turns the low speed shaft at about 30-60 rpm. 

 Gear box. Connects the low speed shaft to the high speed shaft 

and increases the rotational speed about 30-60 rpm to about 

1000-1800 rpm..this is rotational speed required by most 

generators to produce electricity. 

 

 

  Generator. It works on the principle of electromagnetic 

induction and produces 60 Hz a.c. 
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STRUCTURE OF WIND TURBINE( CONT…) 
 Nacelle. A housing which contains gear box, low and high speed 

shafts, controller and generator. 

 Pitch. Turns(or pitches) blades out of the wind to control the 

rotor speed and to keep the rotor from turning in winds that are 

too high or too low to produce electricity. 

 Rotor. Blades and hub together form the rotor. 

 Tower. Made from tubular steel, concrete or steel lattice and 

supports the structure of turbine. Because wind speed increases 

with height, taller towers enable turbines to capture more energy 

and generate more electricity. 

 Wind vane. Measure wind direction and communicate with the 

yaw drive to orient the turbine properly with respect to the wind. 

 Yaw Drive. Turns the rotor into the upwind directions the wind 

direction changes. Electric motors and gear boxes are used to 

keep the turbine yawed against wind. This can be also used as 

controlling mechanism during high wind speed. 
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STRUCTURE OF WIND TURBINE( CONT…) 
 Yaw motor. Power the Yaw Drive. 

 Generator. It works on the principle of electromagnetic 

induction and converts the mechanical energy into electricity. It 

produces 60Hz A.C. 
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STRUCTURE OF WIND TURBINE( CONT…) 
 There are two types of wind turbine according to the orientation of rotor axis with 

respect to the ground. 

 Horizontal axis wind turbine(HAWT) and Vertical axis wind turbine (VAWT). 

Vertical turbine designs have much lower efficiency than standard horizontal designs. 
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STRUCTURE OF WIND TURBINE( CONT…) 

Horizontal axis Wind turbine. In HAWT 

the rotating axis of the wind turbine is 

Horizontal or parallel with the ground. This 

type of wind turbine have the main rotor shaft 

and electrical generator at the top of the 

tower. these are more efficient at producing 

electricity since the blades always move 

perpendicularly to the wind, receiving power 

through the whole rotation. HAWT dominate 

the majority of the wind industry. In HAWT 

the towers are relatively tall which allows the 

blades to face much higher velocity wind in 

high altitudes. In some places, the power 

output of the turbine could increase upto 30% 

every ten meters in altitude because the wind 

speed is increased by 20%. 
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Vertical axis wind turbine, In VAWT axis of 

rotation is vertical or perpendicular to the ground. 

In VAWT the generator and other components are 

placed near the ground. So the tower does not 

need to support, it makes the maintenance easy. 

this type of turbine does not need to be pointed 

towards the wind to be effective. This creates a 

flexible location for placement of turbine in an 

area with varying wind direction. This is capable 

of operating during minimal wind speed. Long 

curved propellers are designed to be pushed by a 

small amount of wind. The main drawback of 

VAWT is, it generally creates drag when rotating 

into the wind. As It is difficult to mount VAWT on 

towers so they are often installed on ground or 

rooftop. Air flow near the ground and other 

objects can create turbulent flow, which can 

introduce issues of vibrations. 

STRUCTURE OF WIND TURBINE( CONT…) 
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RESOURCE ASSESSMENT 
 Wind resource assessment is the process by which wind power 

developers estimates the future energy production of a wind farm. 

Accurate wind resource assessment are crucial to the successful 

development of wind farm. 

 To estimate the energy production of a wind farm, developers must 

first measure the wind on site. Meteorological towers equipped with 

anemometers, wind vanes and some times temperature, pressure 

and relative humidity sensors  are installed. 

 Data from these towers must be recorded for at least one year to 

calculate an annually representative wind speed frequency 

distribution. 

 The successful developments of wind energy projects depends on 

an accurate assessment of where, how often and how strongly the 

wind blows.  

 A mistake in this stage of evaluation can cause sever financial 

losses and missed opportunities for developers, lenders and 

investors. 
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RESOURCE ASSESSMENT 
 Coastal belt of Balochistan and Sindh, desert areas of  Sindh and 

Punjab has the significant wind energy potential in Pakistan. This 

renewable energy source has not utilized properly.  

 Pakistan Metrological Department has been collected the data of 

wind of all Pakistan, analyzed by Alternate Energy Development 

Board (AEDB).  

 According to collected data, Pakistan has coastal line of 60 km 

wide in Gharo, Kati Bandar and 180 km long, up to Hyderabad. 

 Electricity generation from wind energy of this corridor has the 

utilizable potential of 50,000 MW.  

 Availability of wind speed is necessary to produce and utilize 

power from wind energy. In most of the parts of the world the 

average considerable wind speed lies from 6.2 – 6.9 m/s which is 

in fair category and 7.0 – 7.4 m/s which is in good category. 

 In Pakistan, Sindh corridor, some northern areas and Baluchistan 

     having the excellent wind speed of more than 7.4 m/s. 
S. I. Haider, Renewable Energy Resources Assessment in Pakistan, Proceedings of the 2nd International Conference on 

Engineering & Emerging Technologies (ICEET), Superior University, Lahore, 26-27 March, 2015. 
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PAKISTAN’S WIND RESOURCES MAJOR AREAS 
Major wind resource areas –  

 Southeastern Pakistan especially  

• Hyderabad to Gharo region in southern Indus Valley  

• Coastal areas south of Karachi  

• Hills and ridges between Karachi and Hyderabad 

Northern Indus Valley especially  

• Hills and ridges in northern Punjab  

• Ridges and wind corridors near Mardan and Islamabad 

 Southwestern Pakistan especially  

• Near Nokkundi and hills and ridges in the Chagai area  

• Makran area hills and ridges –  

 Central Pakistan especially  

• Wind corridors and ridges near Quetta  

• Hills near Gendari –  

Elevated mountain summits and ridge crests 

especially in northern Pakistan  

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf retrieved on 24-7-2017 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
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PAKISTAN’S WIND RESOURCES MAJOR AREAS 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf retrieved on 24-7-2017 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
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RESOURCE ASSESSMENT 
 First wind power station in Pakistan is Jhimpir Wind Power 

Plant having the installed capacity of 56.4 MW and located in 

Jhimpir, Sindh and operational since 2009.  

 Jhimpir Wind Energy Project is the second wind power plant 

also located in Jhimpir, Sindh with having installed capacity of 

49.6 MW and operational since 2012.  

 Gharo Wind Power Plant is the third wind power plant which is 

located in Gharo, Sindh. It is under construction and having the 

installed capacity of 50 MW. 

 

 

S. I. Haider, Renewable Energy Resources Assessment in Pakistan, Proceedings of the 2nd International Conference on 

Engineering & Emerging Technologies (ICEET), Superior University, Lahore, 26-27 March, 2015. 

Jhimpir Wind Farm 

 Currently the privately owned 

Turkish wind farm is selling the 

produced electricity to Pakistan at a 

rate of 12.1057 US cents per kilowatt 

hour of electricity.[3] 

 Currently, 45 wind power projects of 

around 3200 MW capacity are under 

process in Pakistan. 
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PAKISTAN’S WIND RESOURCES MAJOR AREAS 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf retrieved on 24-7-2017 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
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PAKISTAN’S WIND RESOURCES MAJOR AREAS 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf retrieved on 24-7-2017 

Conclusions for Pakistan Wind Mapping 

Advanced modeling and analysis techniques employed to produce 

detailed wind resource maps of Pakistan 

•High resolution wind maps and assessment information 

– Useful to identify best prospective areas and screen out less 

promising areas, minimizing cost and time of prospecting 

– Does not eliminate the need for on-site wind measurement 
•Windy land area and theoretical wind potential estimates 

–Class 4+ (good-to-excellent for utility-scale applications) 

• 26,400 sq km, about 3% of Pakistan’s total land area (800,000 sq km) 

• 132,000 MW of potential installed wind capacity (assumes 5 

MW/sq km) 

– Good potential for many wind/diesel and off-grid applications 

• Almost 9% of Pakistan’s land area has Class 3 or better wind 

resource 

http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf
http://www.nrel.gov/international/pdfs/afg_pak_wind_june07.pdf


20 

WIND SPEED 
 Wind speed or wind flow velocity is a fundamental atmospheric 

quantity.  

Wind speed is caused by air moving from higher pressure to 

lower pressure usually due to changes in temperature. 

Wind speed is now commonly measured with an anemometer 

 

 

 

 

      Fig: Anemometer 
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  Wind power increases with the cube of wind speed  

           P/A = 0.5 x ƿ x v3  W/m2 

 

  ƿ is air density, v is wind speed. The power / area is also 

referred to as wind power density. 

  The air density depends on the temperature and barometric 

pressure so wind power  will decrease with elevation, around 10% 

per 1000  meter. 

   A wind speed histogram or frequency distribution is needed  

to estimate the wind power / area. Since wind speeds vary by 

hour, day, season and even years. 

  2 To 3 years of data are needed to have a decent estimate of 

the wind power potential at a specific site. 

WIND SPEED 
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CHANGE IN WIND SPEED WITH HEIGHT 

AND TOPOGRAPHIC EFFECTS  
  Change in wind speed with height is known as wind shear 

  

 

 

 

 

 

 

 

  

  

 Fig shows the form of wind speed 

variation with height z in the near – to 

ground boundary level up to about 100m  

 at z = 0 the air speed is always 0. within 

the height of local obstructions wind speed 

increases unpredictably (irregular), and 

violent directional fluctuation can occur in 

strong winds. 
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Above this inconsistent region, the wind speed profile is given by 

expression, 

  Z-d = Zo exp(µz/v) 

 hence  µz = v ln (z-d / Zo) 

CHANGE IN WIND SPEED WITH HEIGHT 

AND TOPOGRAPHIC EFFECTS  

 Here d is the zero plane displacement 

with magnitude a little less then the 

height of local obstructions, the term Zo 

is called roughness length  and V is 

characteristic speed 

  However the most important practical 

aspect is the need to place a turbine well 

above the height of local obstructions to 

ensure that the turbine roter disc receives 

a strong uniform wind flux, across its 

area without erect fluctuations  
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  The best sites of wind power are at the top of smooth dome 

shaped hills that are positioned clear of other hills. 

  In general the wind should be incident across water surfaces or 

smooth land for several hundred meters i.e. their should be a good 

fetch. 

  Most wind turbines operates at hub heights between 5m and 

100m. 

  However it is common for standards meteorological wind speed 

measurement µs  is taken at a height of 10m. 

  An approximate expression often used to determine the wind 

speed   µz  at height z is  

  µz = µs (z/10m) c  

  C=1/7=0.14 for open sites in non hilly country  

 Good sites should have small value of C to avoid changes in 

incoming wind speed across the turbine disc and large values of 

mean wind speed to increase power extraction. 

CHANGE IN WIND SPEED WITH HEIGHT 

AND TOPOGRAPHIC EFFECTS  
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Betz's law: 
According to Betz's law the maximal achievable extraction of 

wind power by a wind turbine as 16/27 (59.3%) of the total 

kinetic energy of the air flowing through the turbine. 

 

The maximum theoretical power output of a wind machine is thus 

16/27 times the kinetic energy of the air passing through the 

effective disk area of the machine. If the effective area of the disk 

is A, and the wind velocity v, the maximum theoretical power 

output P is: 

 

 

 

where ρ is the air density. 

WIND TURBINE EFFICIENCY 



26 

 In efficiencies, such as gearbox losses, generator and converter 

losses, reduce the power delivered by a wind turbine. 

 In 2001, commercial utility-connected turbines deliver 75% to 

80% of the Betz limit of power extractable from the wind, at 

rated operating speed. 

 Efficiency can decrease slightly over time due to wear.  

 Analysis of 3128 wind turbines older than 10 years in Denmark 

showed that half of the turbines had no decrease, while the other 

half saw a production decrease of 1.2% per year.  

 Vertical turbine designs have much lower efficiency than 

standard horizontal designs. 

WIND TURBINE EFFICIENCY 
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 A windmill is a mill that converts 

the energy of wind into rotational 

energy by means of vanes called 

sails or blades. 

 Centuries ago, windmills usually 

were used to mill grain (grist mills), 

pump water (wind pumps), or both. 

 The majority of modern windmills 

take the form of wind turbines used 

to generate electricity, or wind 

pumps used to pump water, either 

for land drainage or to extract 

groundwater. 

WIND MILL 

Smock mill with fantail 

(Sønderho, Fanø, Denmark) 
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Historical Background: 

 The wind wheel of the Greek engineer 

Heron of Alexandria in the first century is 

the earliest known instance of using a 

wind-driven wheel to power a machine. 

 Another early example of a wind-driven 

wheel was the prayer wheel, which has 

been used in Tibet and China since the 

fourth century. 

 It has been claimed that the Babylonian 

emperor Hammurabi planned to use wind 

power for his ambitious irrigation project 

in the seventeenth century BC 
 

WIND MILL 

https://en.wikipedia.org/wiki/Windmill retrieved on 31-07-2017 

Born c. 10 AD 

Died c. 70 AD 

Residence Alexandria,  

Roman Egypt 

Fields Mathematics 

Known  

for 

Aeolipile 

Heron of Alexandria  

https://en.wikipedia.org/wiki/Windmill
https://en.wikipedia.org/wiki/Windmill
https://en.wikipedia.org/wiki/Alexandria
https://en.wikipedia.org/wiki/Roman_Egypt
https://en.wikipedia.org/wiki/Roman_Egypt
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Aeolipile
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TYPES of WIND MILL 

 There are two types of wind mill according to the orientation 

of rotor axis with respect to the ground. 

  Horizontal axis wind Mill and Vertical axis wind Mill. 
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 Horizontal Wind mill:  

 The first practical windmills had sails that 

rotated in a horizontal plane, around a 

vertical axis. 

 The H. windmills were invented in 

eastern Persia as recorded by the Persian 

geographer Estakhri in the ninth century. 

 Made of six to 12 sails covered in reed 

matting or cloth material, these windmills 

were used to grind grain or draw up 

water, and were quite different from the 

later European vertical windmills. 

Windmills were in widespread use across 

the Middle East and Central Asia, and 

later spread to China and India from 

there. 

WIND MILL 
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 A similar type of horizontal windmill 

with rectangular blades, used for 

irrigation, can also be found in 

thirteenth-century China. 

 Horizontal windmills were built, in 

small numbers, in Europe during the 

18th and nineteenth centuries, for 

example Fowler's Mill at Battersea in 

London, and Hooper's Mill at 

Margate in Kent. These early modern 

examples seem not to have been 

directly influenced by the horizontal 

windmills of the Middle and Far East, 

but to have been independent 

inventions by engineers influenced by 

the Industrial Revolution. 

WIND MILL 

Smock mill with fantail 

(Sønderho, Fanø, Denmark) 
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Vertical windmills: 

  Due to a lack of evidence, debate occurs among historians as to 

whether or not Middle Eastern horizontal windmills triggered 

the original development of European windmills. In 

northwestern Europe, the horizontal-axis or vertical windmill 

(so called due to the plane of the movement of its sails) is 

believed to date from the last quarter of the twelfth century in 

the triangle of northern France, eastern England and Flanders. 

 The earliest certain reference to a windmill in Europe (assumed 

to have been of the vertical type) dates from 1185, in the former 

village of Weedley in Yorkshire. A number of earlier, but less 

certainly dated, twelfth-century European sources referring to 

windmills have also been found. These earliest mills were used 

to grind cereals. 

WIND MILL 
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 Wind energy development environmental concerns include, 

noise, visual impacts, and avian and bat mortality. 

 Although wind power plants have relatively little impact on the 

environment compared to fossil fuel power plants, concerns 

have been raised over the noise produced by the rotor blades, 

visual impacts, and deaths of birds and bats that fly into the 

rotors (avian/bat mortality).  

ENVIRONMENTAL EFFECTS OF WIND TURBINE 
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     Noise:  

 Like all mechanical systems, wind turbines produce some noise 

when they operate. Most of the turbine noise is concealed by the 

sound of the wind itself, and the turbines run only when the 

wind blows. In recent years, engineers have made design 

changes to reduce the noise from wind turbines.  

 Early model turbines are generally noisier than most new and 

larger models. As wind turbines have become more efficient, 

more of the wind is converted into rotational torque and less into 

acoustic noise.  

 Proper siting and insulating materials can be used to minimize 

noise impacts. 

ENVIRONMENTAL EFFECTS OF WIND TURBINE 
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    Visual Impacts: 

 Because they must generally be sited in exposed places, wind 

turbines are often highly visible; however, being visible is not 

necessarily the same as being disturbing.  

 Visual issues are by their nature highly subjective. Proper siting 

decisions can help to avoid any aesthetic impacts to the 

landscape. One strategy being used to partially offset visual 

impacts is to site fewer turbines in any one location by using 

multiple locations and by using today's larger and more efficient 

models of wind turbines. 

ENVIRONMENTAL EFFECTS OF WIND TURBINE 
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     Birds/ Bat Mortality: 

 Bird and bat deaths are one of the most controversial biological 

issues related to wind turbines. The deaths of birds and bats at 

wind farm sites have raised concerns by fish and wildlife 

agencies and conservation groups.  

 On the other hand, several large wind facilities have operated for 

years with only minor impacts on these animals. 

 To try to address this issue, the wind industry and government 

agencies have sponsored research into collisions, relevant bird 

and bat behavior, mitigation measures, and appropriate study 

design protocols. In addition, project developers are required to 

collect data through monitoring efforts at existing and proposed 

wind energy sites. Careful site selection is needed to minimize 

fatalities and in some cases additional research may be needed 

to address bird and bat impact issues. 

ENVIRONMENTAL EFFECTS OF WIND TURBINE 
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    Other Concerns: 

 Unlike most other generation technologies, wind turbines do not 

use combustion to generate electricity, and hence don't produce 

air emissions. The only potentially toxic or hazardous materials 

are relatively small amounts of lubricating oils and hydraulic 

and insulating fluids. Therefore, contamination of surface or 

ground water or soils is highly unlikely.  

 The primary health and safety considerations are related to blade 

movement and the presence of industrial equipment in areas 

potentially accessible to the public.  

 An additional concern associated with wind turbines is potential 

interference with radar and telecommunication facilities. And 

like all electrical generating facilities, wind generators produce 

electric and magnetic fields. 

ENVIRONMENTAL EFFECTS OF WIND TURBINE 
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 Water supplies such as wells and 

dugouts can often be developed on 

the open range.  

 However, the availability of power 

supplies on the open range is often 

limited, so some alternate form of 

energy is required to convey water 

from the source to a point of 

consumption. Wind energy is an 

abundant source of renewable energy 

that can be exploited for pumping 

water in remote locations, and 

windmills are one of the oldest 

methods of harnessing the energy of 

the wind to pump water. 

WIND MILLS FOR WATER LIFTING 



Thank You 
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