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General approach, practical applications and options
for considering effects of wind turbine icing
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Wind power development in Germany

25.000

Mw

22.092

20.000

15.000

10.000

5.000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 ISH
M. Durstewitz, Vintervind 2008, Asele, SE advancing Laligy g?grz-wg =3



Electricity production by wind 99 - ‘07
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Introduction
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Wind power installations and TSO regions

TSO mission

- balancing of power generation and demand
- maintain grid stability voltage, frequency
4 - provide reserve power
(UCTE: 3000 MW primary control reserve )
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Situation today
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Situation tomorrow - results of DENA study
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Prediction Methods
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Models and Tools for TSOs
Step 1:

Online model calculates from few
measured windfarms the current
power for all plants

Step 2:

Prediction model calculates on the basis
of the current power of all plants and the
weather forecast the future wind power
feed-in

Accuracy in the statistical average
> 94 % for the D+1 forecast
> 96 % for the 4 hours forecast

Wind Power Management System
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Prediction Methods

Sub-division of the control zones
in small areas (like FEM)

8585 areas (on- and offshore)
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Online calculation methods

Calculation of current
power output

of each grid square
by evaluation

of all representative
power signals

Pum=D R

considered
parameters:
distance
roughness
control systems
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Prediction Methods IIRo 11-2003
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Prediction Methods

Input Layer Hidden Layers Qutput Layer Artificial Neural Networks
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Prediction Methods
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Prediction Methods
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Prediction Methods
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Prediction Methods
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Integration of large quantities of wind power into the energy supply

Dispatch
centre TSO
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Wind Farm Control, Prediction Systems

Al-based Prediction System

e Wind Integration A

Tools . 0

E.ON Netz,

Vattenfall Europe Transmission,
RWE Transportnetz Strom,
EnBW Transportnetze

Verbund Austria
TERNA Italien

UK, National Grid

Wind FarmCluster Management 1SN
WCMS '

E.ON Netz
Vattenfall Europe Transmission
Red Electrica Espana B Wind Power Management System

Redes Energeticias NaCionaiS Wind Farm Cluster Manogement System
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Forecast errors - statistics
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Wind & ice

Reduced aerodynamic
efficiency
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Forecast errors caused by icing ????

Task:

Analyse forecast quality

o with measured results
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WP Ulrichstein / Temperatur profile (2004 - 2008 JAN, FEB, DEC)
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Distribution of observed forecast errors vs. temperature
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Power output vs. wind speed (WP Ulrichstein)
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Conclusions / next steps

WPMS is a powerful tool for integrating wind power
Reliability of results has to be checked for low temperatures

Next steps:

Analysis of data from other sites

Inclusion of further meteorological parameter
Search for typical footprints

Integration into ANN training procedure
Verification of results

Implementation into update WPMS
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