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Validation Study – why?

Questions…

1. Do we model seasonal icing 
well?

2. Do we use good thresholds for 
identifying icing periods?

3. Estimation of production losses 
from the IEA Ice Class system?

IEA 
Ice-Class

Meteo. icing

(% of year)

Instru. icing

(% of year)

Production loss 
(% of AEP)

5 > 10.0 > 20.0 > 20.0

4 5.0 – 10.0 10.0 – 30.0 10.0 – 25.0

3 3.0 – 5.0 6.0 – 15.0 3.0 – 12.0

2 0.5 – 3.0 1.0 – 9.0 0.5 – 5.0

1 0.0 – 0.5 < 1.5 0.0 – 0.5

Table 1: IEA Ice Classes [1].
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Figure 1: Cup-anemometer on met mast boom.



Modelling Chain: EMD-WRF On Demand ICING
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The modelling chain relies on industry proven standards.

Ice Model:

Standard cylinder-
based ice model (ISO 
12494) [5, 6]

- Ice growth rate, ice 
load and instru.+ 
meteo. icing hours

Atmospheric Data: 

WRF + Thompson 
microphysics [3, 4]

Resolution: 3x3 km, 1 h 

ERA5 global boundary 
conditions 

Production Loss 
Estimations:

Production loss 
estimates using: 

IEA Ice Class system

(by IEA Task 19) [1]

Figure 2: Sketch of EMD-WRF OD Icing modelling chain [2].  



Answer: Validate modelled instrumental icing 

• Using standard meteorological masts

• 29 met masts – from eight different countries

Do we model seasonal icing well?
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Figure 3: Masts shown as red dots. The total masts cover: 19 in Sweden, two in Finland, one in Poland, two in Lithuania, one in the United Kingdom, 
two in Japan, one in Canada and one in the USA
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Methodology

Met mast data prepared using windPRO

• Abnormalities in the data 

(wind vane, double anemometry, T<0oC)

• Minimum 80% data availability

• Results: 

• 49 seasons of data available after 

filtering and cleaning

• Filtered datasets of 1-4 seasons

• Comparison of mast instrumental 

icing and modelled instrumental icing
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Figure 4: Example of filtering/cleaning data in windPRO.
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When does instrumental icing start?

• Ice mass over cylinder > 10 g for a 1-m-high standard cylinder [7] ?

Do we model seasonal icing well ?

Figures 5-6: Hourly comparison of mast instrumental icing and modelled instrumental for Mast 28 (LT) and Mast 18 (SE). 
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When does instrumental icing start?

• Ice mass over cylinder > 0.0g, 10g, 50g, 100g, 250g, 500g?

(for a 1-m-high standard cylinder)

Do we use good thresholds for identifying icing 
periods?

Figures 7-8: Comparison of seasonal mast instrumental icing and modelled instrumental for Mast 28 (LT) and Mast 18 (SE). Mice 
is the ice mass.



Results – Mast vs Model
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Figure 9: Variation in correlation of the met mast instrumental icing to 
the modelled instrumental icing for the six thresholds. 

• 1:1 correlations of mast and model



Results - Correlation Scores
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• 50 g – best correlation

• Thresholds > 100 g – poor correlation 

• 10 g – best correlation 

• -

All Masts Sweden only

Figures 10-11: Pearson correlation for all masts left and right for Sweden masts only



Summary Question 1+2
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• 50 g best general limit for all met masts

• 10 g best limit for Sweden met mast

• EMD-WRF OD ICING modelling chain is capable of modelling seasonal 
instrumental icing very well

More met masts will continuously be added to the validation framework

• More masts outside Scandinavia

• Masts from the southern hemisphere are in the pipeline



Production losses from the IEA Ice Class system?
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Answer: Validate estimated production losses from model

• SCADA from six wind farms

• T19 Ice Loss Method by IEA Task 19 [8]

• Comparison of SCADA losses

and modelled losses

Figure 12: SCADA data from 6 windfarms: 4 in Sweden 
and 2 in Norway. Locations are anonymous. 

Name Country Seasons

Site 1 (SE) 2

Site 2 (SE) 3

Site 3 (SE) 2

Site 4 (SE) 3

Site 5 (NO) 2

Site 6 (NO) 2



Results  – SCADA Loss vs Modelled IEA Loss 
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• Mean seasonal losses due to icing

• IEA loss by instrumental icing overestimates (almost) consistently

Figure 13: Comparison of SCADA losses and modelled losses 
for the six sites. The losses have been normalized by Site 4.

IEA 
Ice-Class

Meteo. icing

(% of year)

Instru. icing

(% of year)

Production loss 
(% of AEP)

5 > 10.0 > 20.0 > 20.0

4 5.0 – 10.0 10.0 – 30.0 10.0 – 25.0

3 3.0 – 5.0 6.0 – 15.0 3.0 – 12.0

2 0.5 – 3.0 1.0 – 9.0 0.5 – 5.0

1 0.0 – 0.5 < 1.5 0.0 – 0.5

Table 1: IEA Ice Classes.



Results  – SCADA Loss vs IEA Ice Class Loss 
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• Understand conversion using IEA ice Class Table

• Contradictory results     weak conversion for instrumental icing

Figure 14: Comparison of SCADA losses and modelled losses 
varying the threshold.  



Results  – SCADA Loss vs IEA Ice Class Loss 
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• IEA ice Class Table + instru. icing too conservative

• IEA ice Class Table + meteo. icing good consistency!

Figure 14: Comparison, 1:1 plot of SCADA losses and modelled losses.  

• Question 3: EMD-WRF OD ICING chain 
and IEA Ice Class system, able to 
model site production losses (% AEP) 



Conclusions 
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• EMD-WRF OD ICING modelling chain validated: 

• Models icing satisfying 

• Best threshold 50 g/m for all masts used

• IEA Ice Class system using modelled meteorological icing performs very well! 

• We continuously add more met mast data and SCADA data to the validation 
framework!  

Please visit our stand in the exhibition area

for more about: EMD WRF OD ICING

or go to www.emd.dk 
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