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The Challenge 
Cluster scale wake satellite pictures 
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EERA-DTOC 
Main Ideas 

•  European Energy Research Alliance 
•  DTOC: Design Tool for Offshore (wind farm) Clusters 
•  EU-FP7 funded project, 2012-2015 
•  Focus on designing wind farm clusters considering: 

–  Inter wind farms wake losses 
–  Inter wind farms electrical cabling 

•  Work is underway to deliver an integrated tool for the design of 
individual wind farms and clusters of wind farms 

•  The tool is composed of existing models as available throughout 
Europe 

•  The tool will be available in December 2014 
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The “big wake” picture 
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wake model 
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Tuesday, 8:55 
Jake Badger: 
“Wake modeling combining 
mesoscale and microscale 
models” 

Wednesday, 9:15 
Patrick Volker: 
“Wind farm parametrisations 
in mesoscale models” 



“Identify, benchmark, provide guidelines for and 
couple the existing wake models that can 

operate over wind farm scale and cluster scale.” 

Purpose 



Wind farm scale wake models 

FUGA 
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Simplified 
CFD Full CFD Enginneering 



Benchmarking purpose 

? 

? 

? ? 

Ti
m

e 
[lo

g]
 

Model Uncertainty [-] 

? 

? 

? 

? 

Selecting the most appropriate 
models for the different usage 
scenarios of the design tool 



Benchmark preliminary results:  
Power deficit along a line of turbines 
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Benchmark preliminary results:  
Power deficit along a line of turbines 
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Challenge: Very noisy datasets! 



Benchmark preliminary results:  
Power deficit distribution vs wind direction 
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The effect of wind direction uncertainty on wind 
farm wake measurement 
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Artificial dataset demonstration 

75% 

95% 

•  Generate a random error in wind direction (5o) and power deficit (0.05) 
•  Apply the sliding window averaging (2o) 
•  Compare with sliding window on original 
•  Characterize envelop for 75% and 95% of the data 



Sources of wind direction uncertainty 

•  Random/temporal bias from the measurement device 
–  Yaw misalignment (when yaw sensor is used to measure 

direction) 
–  Time drift of the calibration 
–  Birds? 
–  Temperature? 

•  Atmospheric turbulence 
–  Small scale turbulence (sub 10-minute) 

•  This should be accounted by the models 
–  Large scale turbulence (i.e. wind directional trends, over 10-

minute) 

•  Wind direction coherence 
–  Spatial variability of the wind direction 
–  Different time-control volume averaging 



Proposed method for modelling uncertainty 

•  M. Gaumont et al. Wind Energy 2013 
•  M. Gaumont MSc thesis, DTU 2012 



Wind Direction Uncertainty 
 

Moving 
window 

Final Output 
(e.g. 270° ± 

2.5°) 

The proposed method  
 
•  Step 1: Run simulations with fixed and 

homogeneous wind direction  
 
•  Step 2: Apply a weighted average based on 

the probability function of a normal 
distribution on the interval ±3 𝜎↓𝑎  

 

•  Step 3: Apply a linear average to reproduce 
the data post-processing  



Wind Direction Uncertainty 
 

•  Overview of the proposed post-processing 
technique 
–  All turbines operating at Horns Rev 270 ± 2.5° 270 ± 15° 
Power Data 64.7% 73.9% 

NOJ, Baseline -20.9% +0.4% 
GCL, Baseline -20.9% -0.1% 
Fuga, Baseline -21.7% -0.3% 

NOJ, σ=3.5°  -11.6% +0.0% 
GCL, σ=3.5°  -8.2% -0.2% 
Fuga, σ=3.5°  -8.5% -0.2% 

NOJ, row-specific  -3.1% +0.1% 
GCL, row-specific  -0.7% -0.2% 
Fuga, row-specific  -0.8% -0.2% 



•  Processing the wind farm data in another way 
–  Good ideas are welcome! 

•  Post-processing the models to account for wind direction 
uncertainty 
–  Uncertainty propagation to the outputs 

•  Additional benchmarks within EERA-DTOC:  
–  Lillgrund (in collaboration with WakeBench) 
–  Rødsand II 

Future work: How to benchmark the models? 



•  EERA-DTOC is designing a tool for planning offshore wind 
farm clusters 

•  The wind farm models seem to over predict the wake 
deficit, but it might be an artifact of the wind direction 
uncertainty 

•  Don’t tune your model to match the 2.5o bins! 
•  Modelling the uncertainty gives lower discrepancy 
•  We need more datasets with higher quality wind direction 

sensors to move forwards 

Conclusion 



Thank you very much for your attention   
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