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AEP prediction and wake losses at Norwegian offshore sites by NVE
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Tabell: 0 avp fordei te d
Arlig Arlig
Gjennomsnittlig Brukstid fuks] pasitets? Brukstid produksi pasitetsfal Streamforbruk
Omrade :’::;;"“'5"“ medtap medtap  medtap(%)  Utentap  yten uten tap (%) :'l::';n dor
(timer) | (Twh) (timer) | tap(Twh)

:lordavmd 96 s 434 296 5278 528 60,3 271478

i 274991
:°rdav'"d 9,8 4400 4,40 50,2 5343 534 61,0
:"'d‘“"“d 9,8 4278 4,28 48,8 5184 5,18 59,2 267197
:°rdav'"d 98 4275 428 488 5180 518 59,1 267369
:ordvest 99 4340 434 49,5 5237 524 59,8 271244
Nordvest
5 2,9 4233 423 483 5121 5,12 58,5 264550
Nordvest
C 9,9 4115 4,11 47,0 4971 4,97 56,7 257164
Vestavind
N 107 4491 449 513 5425 543 61,9 280666
Vestavind
8 10,3 4348 4,35 49,6 5266 5,27 60,1 271765
:esm'"d 106 4579 4,58 52,3 5545 5,54 63,3 286200
:esuv'"d 102 4386 439 50,1 5318 532 60,7 274108
SprvestA | 10,8 4777 4,78 54,5 5777 58 65,9 298574
SorvestB | 10,6 4754 4,75 54,3 5746 5,15 65,6 297113
SprvestC | 10,7 4826 4,83 551 5835 5,83 66,6 301647
SorvestD | 10,6 4772 477 545 5771 577 65,9 298220
SorvestE | 10,9 4910 4,91 56,1 5935 5,94 67,8 306874
ServestF | 10,7 4901 4,90 55,9 5924 5,02 67,6 306310
i’""av'nd 109 4952 4,95 56,5 5995 6,00 68,4 300481

[NVE, 2023]




Methodology

Input wind data: NORAS3

Wind turbine models & farm layout

Wake modelling in Qwyn




NORA 3

> Temporal resolution: 1 hour
> Spatial resolution: 3 km
> Utsira Nord: 1010 km?
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Average wind speed in the northern sea [Cheynet, 2025]
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Wind turbine models ﬁ—/t\

__ NREL 5 MW | IEAL0 MW IEA 15 MW

Rotor diameter

Cut-in speed Ueyt—in [M/S] 3.0 4.0 3.0
Cut-out speed Ueyt—out 1M/S] 25.0 25.0 25.0
Rated speed Urgtea | M/S] 11.4 11.0 10.6
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Power curves

Wake losses and power production at the Vestavind F offshore wind farm | 16.01.2025



Wind farm layout a—/t\

__ NREL 5 MW | IEAL0 MW IEA 15 MW

Total capacity

Number of turbines [—]
Total area [km?]
Capacity density [MW/km?]
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Wake modelling methodology: Qwyn

— ” modelling
\ velocity deficit @

ambient & wind speed & turbulence wake meandering

turbine data in wake region [Braunbehrens, 2019]
[Ishihara, 2018]

Uearm(X1,Y), Uram{X2,Y),
AUpm(%1,Y) AUpam(X2,Y)

ke mixing 4

Xz

X

superimposed result

in a wind farm
[Zong, 2020]
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Wake modelling methodology: Qwyn

ambient & wind speed & turbulence

turbine data in wake region
[Ishihara, 2018]

Uearm(X1,Y), Uram{X2,Y),
AUpam(X1,Y) AUpam(X2,Y)
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superimposed result

in a wind farm
[Zong, 2020]
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wake meandering
[Braunbehrens, 2019]
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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 0.08
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Annual Energy Production and Wake Losses
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Average wind speed

NREL 5 MW farm
— |EA 10 MW farm
— |EA 15 MW farm

Annual Energy Production:
AEP_.. = 3.54 TWh (2021)
AEP,. = 4.17 TWh (2015)

Wake Losses:
WL ... = 0.53 % (2015)
WL, = 15.60 % (2021)

Hours of above-rated operation:
T(U > Upq) = 44 % (2014)
T(U > Upeq) = 35 % (2021)
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Influence of Below- and Above-rated Winds on Wake Losses

> |Isolating two in-line IEA 10 MW turbines from the farm for a period of 4 days...
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AEP [TWHh]

Correlations & Influence factors
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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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