
Enhanced Wind Power Forecasts using New Methods for 
Predicting Turbine Icing 

Lars Landberg and Jeremy Parkes 
EWEA Wind Power Forecasting Workshop 2013 
Rotterdam, Netherlands 



Background 

•  NERC report (Sep, 2012) 
 
•  Extreme winter storm 
   incident  
 
•  Loss of 75% of available 
   generation due to  
   turbine faults 
 
•  Corrective actions  
   and lessons learned 
 
•  Highlighted the value 
   of “bad weather” fore- 
   casting  



Background 

Primary Types of Icing 
 
 
Riming  
 

•  SCLW transported to surface – freeze instantly 
•  0o – -20oC. 
•  asymmetry in crystal shape, formation 
•  may be hard or soft, depending on the size of the SCLW drops 
•  Prefers exposure of structural ridges 
 

Glazing/ Freezing Rain 
 

•  Depends on a unique stratification of the atmosphere  
•  Often accompanies warm fronts or cold air damming 
•  0o – -6o

C
  

•  Layer on turbine blade and freeze 
•  Very dense, hard to remove relative to rime. 
 



•   Ice accretion may have significant impact on turbine’s ability to  
     extract kinetic energy from the wind (air foil drag) 
     (Seifert et al, 1997; Barber et al, 2009; Homola, et al, 2011). 
 
•    Existing forecast icing warnings are aviation relevant: 
       

oPolitovich, et al. (2004)  
oBernstein, et al. (2005) 
o Zhou (2005) 
        

•   Makkonen, et al. (2001) outlined basic theory for structural icing  
     prediction (accretion modeling) 
 
•   Foder (2001) proposed algorithm for prediction of icing on    
     structures to follow ISO 12494 standard 
 

•   VTT of Finland (2009):  Recommendations for Wind Energy Projects 
      in Cold Climates:  North America, Europe (offshore as well),  
      Scandinavia, and Asia  (possibly 60+ GW at risk) 
 

Background 



Background 

State of the art:  Important points and limitations 

•  Meteorological icing is NOT the same as instrumental icing but is 

   a necessary condition for instrumental icing (though not sufficient) 

 

•  Icing prediction is woefully unvalidated – very little reliable observation 

 

•  NWP generally good with riming and glazing – poor performance 

   with sublimation 

 

•  No effective MOS correction techniques for icing 

 

•  Icing prediction highly dependent on cloud microphysics scheme, 

   horizontal resolution (?) 

 

•  Little to no use of ensemble NWP for icing prediction 



Wind Power Forecasting Process 
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Background 

Ice accretion 



Objectives 

•  Develop simple but robust model for predicting icing probability and    
   reduced generation using common variables of various members of an  
   NWP ensemble 
 
•  Deploy model at multiple sites and assess regional viability, with special  
   emphasis on the similarities and differences between onshore and offshore  
   sites 
 
•  Demonstrate improvements in accuracy for deterministic forecasts and  
   effectiveness of  probabilistic forecasts 



Methods 

Ensemble NWP predictions             Determine Predicted                               Accretion 
                     Freezing/Thawing time   Parameterization 
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Z 

Ensemble 
Predictions 

Adapted from  
Frohboese and Anders (2007) 



Methods 

Borrowed from Finnish Wind Energy Atlas (http://www.windatlas.fi) 

Borrowed from http://www.tuuliatlas.fi/icingatlas/icingatlas_6.html 

Finnish 
Wind Energy 
 Atlas 



Methods 

For different levels  
of ice loading 



Methods 

Apply Ljundberg & Niemela Model                             Compose Distributions for 
                             Joint Probability Function  

Numerically integrate 



Preliminary Validation Results:  2 Onshore Sites 



Preliminary Validation Results:  Offshore Site 



Preliminary Validation Results:  Error and Distribution 



Summary 

•  Deterministic icing forecast generated by combining bias-corrected NWP, empirical  
    freeze/thaw time parameterization, and adapted Ljungberg & Niemela model. 
 
•  Use of multi-physics, multi-model ensemble NWP allows for prediction of  
    icing probability, using conditional probabilities of forecast ambient conditions. 
 
•  Forecast icing model demonstrates reduction in forecast error intra- and inter-day 
    horizons for icing events of varied duration both onshore and offshore. 
 
•  Kolmogorov-Smirnov test indicates increased similarity of distributions, at all  
    sites.   
 
•  Notable performance variation onshore/offshore – due to more complex 
    meteorology, surface-atmospheric interaction, independent of icing model.   
    Offshore RH, T likely more stable over time and uniform in space – providing 
    increased model fidelity. 
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