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 All renewable energy (except tidal and geothermal power), 

ultimately comes from the sun

 The earth receives 1.74 x 1017 watts of power from the sun

 About one or 2 percent of this energy is converted to wind  About one or 2 percent of this energy is converted to wind 

energy (which is about 50-100 times more than the energy 

converted to biomass by all plants on earth

 Wind  turbines converts the kinetic energy of the wind into 

mechanical energy first, and then into electricity if needed.





Wind Turbine Design

Horizontal Axis Lift Force Turbines (HAWT)



Wind Turbine Design

Vertical Axis Lift-Force Turbines (VAWT)



Wind Turbine Components

Source: The KidWind Project www.kidwind.org



 One significant development of 18th century was the introduction of scientific 

testing and evaluation of windmills.

 An Englishman, Johan Smeaton, discovered three basic principles for windmills 

which are still applicable:

Speed of blade tip is ideally proportional to speed of windSpeed of blade tip is ideally proportional to speed of wind

The maximum torque is proportional to square of wind speed

The maximum power is proportional to the cube of wind speed.

 18th century European windmills represented culmination of one approach to 

using wind for mechanical power and included a number of features which 

were later incorporated into some early electricity generating wind turbines



 When European wind mills were entering their final years, another 
type of windmills came into widespread use in USA for pumping 
water. These mills had

Multiple blades also known as fan type

Effective regulating system



 First wind turbine to generate electricity was developed in 1888 in USA.

 By the middle of last century around 6 million windmills were in operation in USA for 

mechanical power and decentralized electricity.

 When the central grid reached every farm, at the beginning of 20th century in USA, the use of 

electricity produced by the windmills reducedelectricity produced by the windmills reduced

 In Denmark between 1891 and 1918 more than 100 electricity generating turbines of 20-35kW 

size were built. The electricity generated was used for the production of hydrogen as fuel.

 Just after world war-II, 200 kW Gedser turbine with three blades was erected in Denmark. It 

used aerodynamic stall for power control  replaced the synchronous generator with induction 

generator. 



 A two blade turbine (Smith-Putnam Machines) of diameter 53.3 meter 
with power rating of 1.25 MW was developed in 1930s. It suffered a 
blade failure in 1945 and the project was abandoned. 

Danish Gedser
Smith-Putnam achine



 In late 1960’s global warming concerns and continued apprehension 
about Nuclear power resulted in a strong demand for wind generation. 

 Field of wind energy blossomed in 1970’s after oil crisis with large 
infusion of research money in USA, Denmark and Germany to find 
alternative sources of energy.

 By the early 1980s the incentives for alternative sources of energy  By the early 1980s the incentives for alternative sources of energy 
vanished in USA. But with the continued investment until recently, 
Europe led in terms of technology and wind capacity installations.

 The twenty first century has seen some of the major European suppliers 
of wind turbines have established their manufacturing facilities to 
China. India, and USA.

 In recent times the size of wind turbines has increased from 25kW to 6 
MW with machines up to 10MW under design.



Increased size, improved performance and technology innovation 
Wind energy now cost competitive with conventional fuels

CoE

1981 1985 1990 1996 1999 2001
Rotor Dia. (m)10 17 27 40 50 71
KW 25 100 225 550 750 1,500

2005
88

2,500

CoE

From ~60 cents/kWh 
down to 5-6 cents/kWh 
for the period

2010+
125+

7,500+

Source: Introduction to Wind Turbine Technology by Cy Harbourt, GE EnergyGE Energy



Wind Power in Pakistan

 According to a recent

USAID report Pakistan, has

the potential of producing

approximately 150,000MW

of wind energyof wind energy

 The first 50MW  energy 

wind power project started 

working in Jhimpir, Sindh in 

December 2012.

 The government plans to achieve up to 2,500MW from wind energy by the end of 2015



Wind Power in Pakistan 

July 2013, 56.4 MW Jhimpir wind power started selling  power to NTDC



Wind Power in Pakistan

Land has been allocated to IPPS and various are at various stages of 
development


