
Wind power plants









- capital costs - the total upfront investment 
- fuel costs 
- costs of operation and maintenance (O&M costs) 





• renewable energy plants are able to produce enough energy 
to pay back the amount of energy used to manufacture them. 
This so-called energy amortisation









Ruins of a vertical axis windmill in Afghanistan, 1977







Vertical and Horizontal axis wind turbines





The power of the wind is converted into mechanical power of the rotor by 
deceleration of the flowing air mass



Betz Law
maximum power is extracted  by a free (i.e. unshrouded) wind turbine if the original 
upstream wind velocity v1 is reduced to a velocity v3= v1/3 far downstream the rotor.

the resulting velocity in the rotor plane



In that case of a theoretically maximum power extraction, the result is

Even in this best case of power extraction without any losses, only 59 % of the wind 
power is extractable. 

with the maximum power coefficient 



Drag driven rotors
The drag devices utilise the force that acts on an area aperpendicular to the wind 
direction

The drag coefficient cD is the proportional constant and describes the „aero-
dynamic quality“ of the body:dynamic quality“ of the body:
the higher the aerodynamic quality of a body, the 
lower is cDand thus the corresponding drag force









Lift driven rotors
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Drive train







Gearbox 



Yaw system



Lightning protection 





Sensors

x  Wind speed and direction 
x  Rotor and generator speed 
x  Temperatures (ambient, bearings, gearbox, generator, nacelle) 
x  Pressure (gearbox oil, cooling system, pitch hydraulics) x  Pressure (gearbox oil, cooling system, pitch hydraulics) 
x  Pitch and yaw angle
x  Electrical data (voltage, current, phase) 
x  Vibrations and nacelle oscillation



Foundation


