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The world a dark night



What is life without Electric Energy  ?
•No light

•No electric heat

•No electric motors

•No computers, phones, TV

and 

•Oil has reached its top production

•Gas soon on top production, but CO2

•Coal can be used for many years, but CO2

Needs for renewable electric power is great and there is a 

Need for Electric Power Engineers to develop the future



Energy use in the world



Electricity production from different sources 

1990-2004



Sweden electrical

production

Hydro power in the north, 45 %

Nuclear in the south, 44 %

Combined heat and power 

production 9%

Wind Power, 2 %



Swedish electricity production





Renewables and new energy systems

• Hydro power

• Wind power

• Solar energy 

• Wave Energy

• CO2 separation and 

storage for converting 

natural gas to power

• Green certificates trading



Wind conditions



Weibull distribution

Vindhast ighet

Procent  av året  summerat

(m/ s)

minimum (1957) 6,1 m/ s (C=2,69)

medel (1955-1957)  7 ,6 m/ s (C=2,01)

maximum (1975) 8 ,8 m/ s (C=2,24)

M e d i a n v i n d

Wind speed (m/s)

Procent of the year

Median wind



1E-07 1E-06 1E-05 0,0001 0,001 0,01 0,1 1

f (Hz)

P
o
w

er
 s

p
e
ct

ra
l 

d
e
n
si

ty
 S

(f
)

weather 

spectral gap

turbulence

Schematic power spectrum of wind speed 

(according to van der Hoven).
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Wind speed measured at the harbour of 

Gothenburg, Sweden
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Higher up more wind

Different rotor positions of a three-blade turbine. The 

tower shadow and the wind gradient, both contribute to 

power fluctuations
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Power from the wind turbine

Where Cp is power coefficient
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Power of the wind
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 = air density[kg/m3]
V = air velocity[m/s]
A = rotor disk area[m2]
m = mass of the air
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Mass flow rate
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Power Curve from a 2.3 MW wind turbine at Lillgrund



Lillgrund Wind Farm



Energ i  til lförs
från g radientvinden

Störd
vindprofil

Delvis

återbildad

Energ i  bortförs
g enom markfriktion

Energ i  bortförs
via kraftnätet

Hur mycket

Delning  D turbindiametrar

Gradient Wind decreases Wind reforms         

of the wind due to turbine

Energy decreases        Energy to the grid      How much left?        

due to land friction

5 to 10 rotor diameters



Relativ Power from wind turbines in the wind farm



Electric power from Swedish wind turbines per 

day



Typical wind power nacelle

NEG Micon 750/48



Today: 

6 MW

126 m



Limitations of wind power

• Pitch control

turn the blades

• Stall control

Ridged blades,

turbulence limit the 

power

• Active  stall

the pitch angle can be 

adjusted

• At emergency stop will 

the blades turn

• At emergency stop will 

the outer part of the 

blades turn

• At emergency stop will 

the blades turn



Pitch contol Stall control



Stall control

Force from turbine     laminar flow         stalled condition



Cp(l, b -

curve
l tip-speed ratio

b pitch-angle
b 4 degree



Electric heaten house 20 MWh/year

600 kW wind turbine 

gives 1300 MWh/year

40 m high, 42 m 

diameter

65 house / turbine

Energy from a wind turbine

3.000 kW wind turbine 

gives 8900 MWh/year

80 m high 

90 m diameter 

445 house / turbine

4 kW wind turbine 

gives 10 MWh/year

10 m high, 

5 m diameter

0.5 house / turbine



Wind turbine pays back

A wind turbine in a windy place has after 

4 to 6 months produced, as much energy as was 

needed for the production of the wind turbine 

There after will the turbine be in operation 20-25 years

But it takes 10-15 years to make a profit.

When the life time of the wind turbine is ended it is just to 

take down the turbine and use the land for something else



Costs for 25 TWh

Sweden plans for 25 TWh wind power, 

The investment will  be10-15 billion Euro



0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

1980 1985 1990 1995 2000 2005 2010

Worldwide Wind Power (MW)

2010 193,000 MW

Swedish hydro power 20,000 MW



Wind Power in Sweden



Vestas

• 3 MW, 

• Diameter 90 m



Direct driven generator– Enercon

• Extreme high weight due 
to small air gap

• Generator weight 220 
ton 

(4,5 MW  )

• Look at the man!



Enercon

• 2,0 MW

• Diameter 82m

• Navhöjd 58-113 m





•Finish manufacture

•1MW and 3MW

•Compact design with 

1-step planetary gerabox

•Permanent magnet 

synchronous low speed

generator



•Bahrein World Trade Center, 

in operation 2006

•240 m high buildings

•3 x 22 kW wind turbines

•Designer – Danish Ramboll 

and Norwin

Wind turbines between the buildings



2 MW, 78-100 m Repower
6,12 MW, 126 m



Offshore GE-wind 

turbines outside 

Kalmar, Utgrunden

1.5 MW


