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Motivation 

Higher wind energy production 

TSOs ensure secure network operation. 
Therefore necessary: 

 Load flow calculations 

 Consider volatile power production 
(wind & PV) 

 

Highly suspected redispatch causes: 

 Errors in control zone intraday 
forecasts (15min to 8h) 

 Spatially variable wind power 
production  missing grid node 
forecast 
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Method #1 – Approximation with Reference Wind Farms (RWF)  
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Method #2 – Generic Power Curve (PC) 

Wind speeds from 
numerical weather 
prediction (NWP) 

Speed to power 
transformation with  
a “physical” power  
curve 
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No real time 
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 But: Does not use any 
real time measurements  
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Method #3: Combination with Spatial Weights 

𝑝𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑,𝑗 = 𝑤𝑃𝐶 𝑥 𝑗 ⋅ 𝑝𝑃𝐶,𝑗 +  𝑤𝑅𝑊𝐹,𝑖

𝑁𝑅𝑊𝐹

𝑖=1

𝑟𝑖,𝑗 ⋅ 𝑝𝑅𝑊𝐹,𝑖  

𝑤𝑅𝑊𝐹,𝑖 𝑟𝑖,𝑗 =
𝜑𝑠 𝑟𝑖,𝑗

𝛼 +  𝜑𝑠 𝑟𝑘,𝑗
𝑁𝑅𝑊𝐹
𝑘=1

 𝑤𝑃𝐶 𝑥 𝑗 =
𝛼

𝛼 +  𝜑𝑠 𝑟𝑖,𝑗
𝑁𝑅𝑊𝐹
𝑖=1

 

𝑝𝑃𝐶,𝑗  
Power curve (PC) forecast of 
unmeasured wind farm 𝑗 

𝑝𝑅𝑊𝐹,𝑖  
𝑖-th ref. wind farm (RWF) 
forecast 

𝑝𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑,𝑗  Combined power 

𝑤  Weight of the Methods 

𝛼  Influence factor of the PC 

𝜑𝑠 𝑟𝑖,𝑗    
Radial basis function where 

𝑟𝑖,𝑗 = 𝑥𝑖 − 𝑥𝑗  
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Experiment Setup 

Partition From To 

Training 01/01/2013 30/05/2014 

Validation 30/05/2014 15/12/2014 

Test 15/12/2014 30/06/2015 

Combination with 
spatial weights  

Approximation with 
reference farms 
(Method #1) 

12 previous 15min 
real time 
measurements of 
58 wind farms,  
96 x per day Generic  

Power Curve  
(Method #2) 

Comparison based 
on 82 reference 
farm measurements 
(Forecast Horizons: 
15min, 30min, … 
8h) 

Last IFS (ECMWF) 
weather forecast 
3h resolution, 
6.25h delay,  
2 x per day 
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Results – Farm Errors  
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 Real time measurements  improve 
unmeasured farms in the first 3 to 4 
hours 

 Generic power curve does a 
surprisingly good job 

 Best to combine real time supported 
reference farm forecasts with power 
curve, but is it significantly better? 1 2 3 4 5 6 7 8 
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Significance of the Improvement 

Power Curve vs.  
Combination 

Reference Farm Approximation 
vs. Combination 
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Improvement  over all single Wind Farms with the average error of 1000 
bootstrap sets with 82 single wind farm errors: 
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Conclusion 

 3 Methods forecast the production of unmeasured wind : 

 Reference farm method: Extrapolation of single farm forecasts to region 

 Generic Power Curve 

 Combination  

 Methods compared: 2.5 years of NWP and 15min power measurements 

 Generic power curve  reference farms 

 Combination (method #3) results in significant improvement 



© Fraunhofer IWES 

Acknowledgements 

The work presented has been funded by the German 

Federal Ministry for the Environment, Nature  

Conservation, Building and Nuclear Safety in the project  

“EWeLiNE – Development of Innovative Weather and 

Power Forecast Models for the Grid Integration of  

Weather Dependent Energy Sources” (Fkz. 0325500A). 

13 

project partners: 



© Fraunhofer IWES 

M. Sc. Stephan Vogt 

Königstor 59 | 34119 Kassel / Germany 

+49 561 7294-264 

stephan.vogt@iwes.fraunhofer.de 

14 


