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AEP prediction and wake losses at Norwegian offshore sites by NVE
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• ERA5 re-analysis

wind data

• IEA 15 MW

refence turbine

• 17.5% losses 

(wake and downtime)

by default

• Capacity factor

CF = 50.1%

[NVE, 2023]



Methodology

› Input wind data: NORA3

› Wind turbine models & farm layout

› Wake modelling in Qwyn
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NORA 3

› Temporal resolution: 1 hour 

› Spatial resolution: 3 km

› Utsira Nord: 1010 km2
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Average wind speed in the northern sea [Cheynet, 2025] Vestavind F and Utsira Nord area [Vestavind F, 2023]



Wind turbine models
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NREL 5 MW IEA 10 MW IEA 15 MW

Rotor diameter 𝐷 [m] 126 198 240

Cut-in speed 𝑢𝑐𝑢𝑡−𝑖𝑛 [m/𝑠] 3.0 4.0 3.0

Cut-out speed 𝑢𝑐𝑢𝑡−𝑜𝑢𝑡  [m/𝑠] 25.0 25.0 25.0

Rated speed 𝑢𝑟𝑎𝑡𝑒𝑑  [m/s] 11.4 11.0 10.6

Power curves

IEA 10 MW turbine 

IEA 15 MW turbine 

NREL 5 MW turbine 



Wind farm layout
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Farm Layouts for Utsira Nord

IEA 10 MW turbine 

IEA 15 MW turbine 

NREL 5 MW turbine 

NREL 5 MW IEA 10 MW IEA 15 MW

Total capacity [MW] 750 750 750

Number of turbines [−] 150 75 50

Total area [𝑘𝑚2] 113.3 140.2 139.9

Capacity density [MW/𝑘𝑚2] 6.62 5.35 5.36



Wake modelling methodology: Qwyn
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wake meandering
[Braunbehrens, 2019]

wind speed & turbulence 

in wake region
[Ishihara, 2018]

ambient & 

turbine data

modelling correcting

superimposed result 

in a wind farm
[Zong, 2020]

wake mixing result AEP



Wake modelling methodology: Qwyn
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wake meandering
[Braunbehrens, 2019]

wind speed & turbulence 

in wake region
[Ishihara, 2018]

ambient & 

turbine data

modelling correcting

superimposed result 

in a wind farm
[Zong, 2020]

result AEP



Results
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› Wind Statistics Vestavind F

› AEP & Wake losses

› Influence of Below- and Above-rated Winds on Wake Losses

› Correlations & Influence factors



Wind Statistics Vestavind F

› Average, 2012-2022

› Year by year
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2012 2015 2018



Annual Energy Production and Wake Losses
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Annual Energy Production:

AEPmin = 3.54 TWh (2021)

AEPmax = 4.17 TWh (2015)

IEA 10 MW farm

IEA 15 MW farm

NREL 5 MW farm 

Average wind speed

Wake Losses:

WLmin = 0.53 % (2015)

WLmax = 15.60 % (2021)

Hours of above-rated operation:

T(u > urated) = 44 % (2014)

T(u > urated) = 35 % (2021)



› Isolating two in-line IEA 10 MW turbines from the farm for a period of 4 days…

Influence of Below- and Above-rated Winds on Wake Losses
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u0
uwake

x/D = 9.35

Pfirst row Psecond row



Correlations & Influence factors
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IEA 10 MW turbine 

IEA 15 MW turbine 

NREL 5 MW turbine 
17.5 % (NVE)

urated =

11.4 m/s

urated =

11.0 m/s

urated =

10.6 m/s

CT,5MW

CT,10MW

CT,15MW



Conclusions

› Wake losses vary between 0.53% and 

of 15.60% from year to year.

› Wake losses correlate inversely to the 

average wind speeds and the AEP.

› The turbines’ rated wind speeds and 

thrust coefficients are main contributors.

› NVE’s estimate of 17.50% losses is 

rather conservative.

› Several years/decades of wind data 

should be considered when calculating 

a wind farm’s wake losses.
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