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Wind Energy in Austria
State 31.12.2009

• 618 Wind turbines
• 995 MW installed power
• 2,3 TWh electricity generation per year
• 3.4 % of Austrian electricity demand
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Wind Energy in Austria (End of 2009)

Entwicklung der Windkraft in Österreich
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Regional shares of wind energy in Austria (end of 2009)

Austrian Alps

Lower Austria 541.3 MW
Burgenland 369.2 MW
Styria 49.8 MW
Upper Austria 26.4 MW
Vienna 7.7 MW
Carinthia 0.5 MW
Total 994.6 MW

Sub-Alpine Region

Northern Region

Eastern Region
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Specific wind energy production in Austria

Specific wind energy production in different regions of Austria 
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Moschkogel

Wind Farm Moschkogel
(Mürzzuschlag, Styria)

Graz
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Turbines: 5 x ENERCON E 70 / 2.3 MW / 65 m hub height
Sea level: 1.640 – 1.680 m
Average wind speed at hub height:  7.4 m/s
Calculated energy yield: 21.400 MWh / year

Technical Data of Wind Farm Moschkogel
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Construction of Wind Farm Moschkogel
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Construction of Wind Farm Moschkogel
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Construction of Wind Farm Moschkogel
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Information: www.viktorkaplanakademie.at

Start of operation: June 2006

Calculated energy yield: 21.400 MWh / year

Generated energy: 2007 18.170 MWh
2008 19.606 MWh
2009 19.826 MWh

Wind Farm Moschkogel
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Requirements of authorities concerning construction

Warning signs which indicate danger of 
ice throw have to be be placed on each
entrance point to the wind farm area in a 
minimum distance of 250 m to the turbines.

One single wind turbine has to be equiped
with an ice detector for automatically stop
of all turbines if danger of icing occurs.

Operation of wind turbines during ice
accretion is not allowed – turbines have to 
be stopped automatically.

Automatical Re-start of the turbines during
danger of icing is not allowed.

Manual Re-start of wind turbines after
automatical stop due to icing is only allowed
under on-site attendance of operational staff.
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Conditions for accretion of  ice, rime or snow

Temperatures around 0°Celsius 
and high humidity

No Ice accretion above +1°Cesius 
because of high temperature

No ice accretion below -7° Celsius  
because of low humidity

Effects of ice accretion on rotor blades
Reduction of WEC efficiency

Losses of energy

Strain on materials

Increased noise emissions

Danger for persons and objects
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Ice or no Ice?
Power Curve Method
Based on the sensitivity of rotor blade profiles against
change in contour and roughness.
The resulting significant change in a WEC´s operating
performance is used to detect ice build-up (interrelation
of wind / rotational speed / power / blade angle).
Advantage: The power curve method is able to detect
ice formation even in a situation when ice detectors on 
the nacelle are not detecting ice because WEC´s with
large rotor blades may dip into clouds and thus be
affected by icing conditions
Disadvantage: PCM is not able to detect ice during
standstill of the rotor

Enercon Ice detector
Enercon uses LABKO Ice detector on the nacelle – no 
experience available

A reliable ice detection is precondition to any subsequent activity

Enercon Ice Detection System

© ENERCON GmbH
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ENERCON Blade Heating
De-Icing or Anti-Icing?

Testing two different systems

Electrical heating elements inside
the blade

Use of electrical heating resitsors
inside the rotor blade and inside the
leading edge of the blade. For safety
reasons a low voltage supply has 
been choosen.

Heating by circulation of warm air
inside the blade:

Warm air is generated by a heating
register closed to the blade root and  
dispensed by circulation channels to 
the leading edge of the blade. 

Pictures above: Thermography of the rotor blade 
before and after switching on the blade heating© ENERCON GmbH
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De-Icing by electrical heating elements inside the blade

Electrical heating elements
near to the carrying
structure and inside the
leading edge of the blade

Heated air volume

Cover plate

© ENERCON GmbH. Weitergabe sowie 
Vervielfältigung dieses Dokuments, Verwertung 
und Mitteilung
seines Inhalts sind verboten, soweit nicht 
ausdrücklich gestattet. Zuwiderhandlungen 
verpflichten zu
Schadenersatz. Alle Rechte für den Fall der 
Patent-, Gebrauchsmuster- oder 
Geschmacksmustereintragung
vorbehalten.
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Heating power
Electrical heating register: 2 x 10 kW per blade
Radial ventilator: 3 kW per blade
Total heating power: Max. 70 kW

De-Icing by circulation of warm air inside the blade

Electrical
heating
register and 
ventilator

Leading edge

© ENERCON GmbH. Weitergabe sowie Vervielfältigung dieses Dokuments, Verwertung und Mitteilung
seines Inhalts sind verboten, soweit nicht ausdrücklich gestattet. Zuwiderhandlungen verpflichten zu
Schadenersatz. Alle Rechte für den Fall der Patent-, Gebrauchsmuster- oder Geschmacksmustereintragung
vorbehalten.
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Operational experience during winter at WF Moschkogel

Operation mode:

Ice detection by Power Curve verification

Automatic turbine cut-off

Manual switch on of blde heating

Manual turbine start

Operation mode:

Ice detection by power 
curve verification

Automatical turbine cut-
off

Manual heating switch-on

Manual turbine start

De-icing by electric heating
elements

De icing by warm-air
circulation

Anti-icing by warm-
air circulation

Operation mode:

Ice detection by
power curve
verification

Heating and anti-
icing during
operation

Contrary to the requirements of approval documents no ice detector has been
installed, because authorities accepted the ENERCON Ice detection system by
power curve verification.

ENERCON has tested two different blade heating systems

)
Exchange of all rotor blades
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Monitoring of blade heating at wind Farm Moschkogel

Monitoring of blade heating is based on 10 min 
time series data which were recorded by the
wind turbines (wind speed, temperature, power 
and status data).

No additional measurements of pressure, humidity
or ice-detection have been performed.

Calculation of production losses by icing (and other
turbine errors) is based on comparison of actual
10-minute energy production against theoretical
energy production which has been calculated by
using the recorded wind speed data and power 
curve of the turbine.
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Operational data (example)
January 2008
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Production and calculated losses during winter 2006/2007
• During winter 2006/2007 all 5 turbines were equipped with an ENERCON de-icing system using

electric heating elements. 

• Although this winter was a „gentle“ one, the losses caused by icing have been quite high. The
main reason for the losses was the damage of one blade heating element at turbine No. 05.

• On other reason for losses was the long standstill time beween automaticaly turbine stop and 
manual start of the heating

• Total availability of the windfarm including standstills by icing during winter 2006/07: 88.0%

Winter 2006/2007
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Missing Scada data

Rotor blade damage

Maintainance and 
failures

No remote control

Grid failure

Stop due to icing

Limited power curve
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Winter 2007/2008
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Production and calculated losses during winter 2007/2008
• Winter 2006/2007 was the second year of operating the electric heating elements. 

• Main reason for losses was again the long standstill time between automatic turbine stop and 
manual start of the heating (1-3 hours, heating time is included in „T6-maintainance“). The wind 
farm attendant had to spend much time at the site, because each single turbine had to be
supervised and re-started manually.

• Also the blade heating has been affected by lighning during summer time. 

• Total availability of the windfarm including standstills by icing during Winter 2007/08: 86.8%

Missing Scada data

Rotor blade damage

Maintainance and 
failures

No remote control

Grid failure

Stop due to icing

Limited power curve
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Winter 2008/2009
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Production and calculated losses during winter 2008/2009
• In summer 2008 the rotorblades of all 5 turbines have been changed and equipped with the new

ENERCON blade heating system which heats by warm-air circulation

• The new blade heating system also had to be operated manually during the first winter.

• The effect of de-icing has been sufficient.

• Total availability of the windfarm including standstills by icing during Winter 2007/08: 93.7%

Missing Scada data

Rotor blade damage

Maintainance and 
failures

No remote control

Grid failure

Stop due to icing

Limited power curve
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Winter 2009/2010
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Production and calculated losses during winter 2009/2010
• Winter 2006/2007 was the second winter of operating warm-air circulation heating.

• Now the system has been operated automatically and during operation of the turbine (Anti-Icing).

• A special „counter“ checks if „Aniti-icing“ during operation works efficient. If anti-icing is not able to 
keep the rotor blades free of ice, the turbine is stopped and „De-icing“ is started automatically.

• The effect of „Anti-icing“ has been excellent and it seems, there is no danger of falling down of 
bigger pieces of ice during heating time.

• Total availability of the windfarm including standstills by icing during Winter 2009/10: 97.8%

Missing Scada data

Rotor blade damage

Maintainance and 
failures

No remote control

Grid failure

Stop due to icing

Limited power curve
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Technical availability without and with ice

Verfügbarkeit WP Moschkogel
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„De-Icing“ and automatically re-start works in 
priciple, but no technical verification is available

„Anti-Icing“ during operation is possible, but no 
technical verification is available

Detection of ice on rotor blades during stand still is
not possible

Operator has to carry the risk for automatically
operating and „Anti-Icing“ during operation.

ENERCON heating system has to been accredited
by the authorities.

Performance of ENERCON blade heating by „warm-
air-circulation“
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TAUERNWINDPARK OBERZEIRING / 1.800 m / 13 x VESTAS 1.750 kW
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