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The scope of the master thesis

“Estimate potential production losses due to ice accretion on wind turbine blades at the 

pre-operational wind farm Kvitfjell in Norway.”

How to approach?

• Time historical met mast data

• Computational Fluid Dynamics

• Three scenarios
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(Ronsten, 2008)



• Aerodynamic performance

• Type of ice and shape

• Incloud icing

– Orographic lifting

• Removal of ice

– Shedding
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Ice physics

Calculated power curve for a pitch controlled fictitious turbine with 

different type of ice accretion (Seifert & Richert, 1998).

(Homola, 2011)

(National Wheater Service)



Site description

• Two mountains

Raudfjell and Kvitfjell

300-550 m above sea level

• Mild arctic climate

• 281,4 GW

• 67 turbines 4,2MW

Siemens
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We are here

(Norge i Bilder, 2019)



• Parameters

– Temperature

– RH

– Heated and non-heated anemometers

– Ice monitor indicator

• Evaluation of actual icing

• Accretion/percistance/ablation
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Data processing- Identification of ice events
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Data processing- Datasets
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Energy simulation- WindSim modell

• Considerable inclination

around the peninsula
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Energy simulation- Scenario description



• Assumed

homogeneous icing

on the site

• Based on OWI

–Uncertainties

• Worst case scenario

power curve = 0 due

to complete stop
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Energy simulation- WindSim modell power curve



• Unwanted influence
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Energy simulation- WindSim modell objects



• Total production in 

the scenarios

–L1

–L2+L3
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Energy simulation- WindSim modell layout
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Energy simulation- Summary of approache



• Invalid datapoints

• Identified 38 ice events

– 26 at Kvitfjell

– 12 at Raudfjell

• Total hours of instrumental icing.

– 19% Kvitfjell and 6% Raudfjell (17.07.2014-

17.01.2015)
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Results- Data processing



• 27% difference

in performance between

K28 and K50

• CFD contributes to a 

more accurate modell

Norwegian University of Life Sciences15

Results- CFD simulation
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Results- CFD simulation



• Kvitfjell 0,98 % higher

production losses than Raudfjell

– Inclination -> Orographic lifting
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Results- CFD simulation



• Potential a more accurate approache

• Worst case scenario 9,50 % losses

• Most likely 4,75 % losses

• Uncertainties

– Annual variation in atmospheric icing

– Ice modelling is complex

• Gradual reduced power curve

• Homogeneous icing

Norwegian University of Life Sciences18

Conclusion
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