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� The role of the TSOs in Germany / EEG

� Wind power fluctuations
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General Information

� TSO is responsible for EEG*-Balancing Group

� Very good Predictions are needed

– Optimal combination of weighted NWP based on weather classification 
(day ahead prediction).

– Improvement of short term predictions (1-8 hours).

– Calculation of confidential interval.

� Predicting network losses and congestions based on wind power 
forecast.

*EEG: Renewable Energy Act
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General Information 
Installed Capacity and Number of Turbines

January 2008

100 %1897521558Total

2 %350 407 EnBW TNG

18 %3515 3885 RWE Transportnetz 
Strom

41 %6829 8752 Vattenfall Europe 
Transmission

39 %8281 8514 E.ON Netz AG

ShareNumber
Capacity 

[MW]
Control Area
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General Information
Forecast of Development until 2020
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TSOs

The role of the TSOs in Germany
Balancing

Customer
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TSOs

The role of the TSOs in Germany
Balancing

Customer
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TSOs

The role of the TSOs in Germany
Balancing

Day-Ahead-
Market

Customer

Reserve
energy

Intraday-
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Monthly production
2005 & 2006
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Grid Situation

Source: EWIS I, Final Report, Jan. 15th 2007
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+ Export
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Example of forecast error
Wind Power Predictions and Measurement, RWE Share, Day Ahead, 8:00
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Example of forecast error 
Wind Power Predictions and Measurement, RWE Share, Day Ahead, 8:00
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Day ahead prediction
Combining different weather models

� Wind power prediction systems commonly use only one 
single numerical weather prediction model (NWP).

� But: The NWP models have strengths and weaknesses 
in different situations.

– e.g.: convection is over-estimated by one model, which leads to  
increase in the predicted wind speed.

� Our approach: Combine different deterministic NWP to 
minimize the error of wind power forecasts with a focus 
on finding an optimal combination of weather models 
with regard to different weather situations.
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Day ahead prediction
Combination Results

0.970.960.94Correlation

4.18 %5.29 %4.52 %RMSE

CombinationWorst Single 
Forecast

Best Single 
Forecast
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Day ahead prediction
Ensemble Forecast

” Conventional“  Ensemble Prediction

� 50 to 150 single Weather Forecasts 
(Variation of input parameters and/or model characteristics)

� Averaging/Weighting of Outputs ���� One Weather Forecast

� Wind-to-Power Model ���� Wind Power Prediction
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Day ahead prediction
Ensemble Forecast

Wind-to-Power Model with Artificial Neural Networks
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Day ahead prediction
Ensemble Forecast

 

New Approach with 75 Wind-to-Power Models
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Day ahead prediction
Ensemble Forecast

 

Weighting of single Wind Power Predictions
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Day ahead prediction
Ensemble Forecast

Optimal Weighting with a two step ANN Combination Model
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Day ahead prediction
Ensemble Forecast

Results Wind Farm 1
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Day ahead prediction
Ensemble Forecast

Results Wind Farm 5
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Day ahead prediction
Ensemble Forecast

� Results are shown for two
Wind Farm. One in the low
mountain range, one in flat
terrain.

� Next step to investigate a 
coastal site.
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Thank you for your attention!

Dr. Bernhard Ernst

bernhard.ernst@rwe.com


