Amrumbank West and Triton Knoll Results

e sambiiiciialdl DN\/-RWE collaboration confirms

cluster & far-field wakes:

Effects on wind farm AEP that far-field wakes can persist
over at least 30 km.

Assessment looked at two areas...

Triton Knoll (TK)
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The effect of wind farm wakes onto the annual energy production o o °
(AEP) is investigated, for two wind farms in the North Sea. The W R F (W I t h F I tC h W F P ) | I ke | y I e a d S tO

study builds on results presented in [1] and compares the total
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turbine interaction losses predicted by five models, with a range of

fidelity. L
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Methods
@
SCADA data from two wind farms is cleaned, processed, & filtered: e St I m a t e S ~ LR A A R
1. Amrumbank West (AMK) in Germany, with neighbors (4 yrs) _ B BT
2. Triton Knoll (TK) in the UK, with neighbors (2.25 yrs) o e O
This delivers a normalized pattern of production (PoP). PoP, Models vs SCADA, Triton Knoll, WD 190°-210°
PoP at TK is corrected to remove coastal gradients using WRF. )
Model validations are carried out for conditions on the plateau of Turbine interaction losses at AMK Turbine interaction losses at TK L §C5°Aspat'a"yc°r’e°ted, IFNE Y S scan ”°‘.Spf"t'f"‘fc‘?r".’°ted | Ty
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Models evaluated include: | — SN Sl AuREnn , ]
1. WindFarmer (EVM + LWF 2022 wake settings) | o ENEEEEES. — FEAEEREENNENENNRRED j
2. RWE VV (EVM + RHB, varying stability by direction) N B ‘jjjfjj =4l | |
3. RWE CFD (one set of site average conditions, slightly stable) = ”’ R
. o o, o E : ;
4. DNV CFD (combined over two sets of stability conditions) 3 2 RMSE - AMK
5. WRF-WFP, default Fitch using a TKE coef. of 0.25 & MYNN PBL L |DNVCTD- RWECD | EVMLWE. EVMLWE- W WA 5 RMSE for RWE CFD
' . 80 ¥ 8.2%| 7.3 10.7% owest or
Model - ib o model and SCADA e T . '
odel accuracy is assessed by comparing model an . B consistent across all
normalized PoP, using KPIs such as RMSE, and coefficients from o I oo e B | Rt directions
. . 240 6.4% 4.8% 6.6% 6.6% 4.3% 5.2%
linear correlation of model vs SCADA PoP. wo sew asw e el 4w e > VV showing great promise
Turbine interaction losses are aggregated with a synthetic wind _ - I
. . . L. . . . DNV - EVM + EVM + WRF DNV - RWE - EVM + EVM + WRF
climate = Hub height WS of 10 m/s and realistic direction dist. CFD LWF | LWF old CFD CFD LWF  LWF old RMSE - TK
EAY TIENY DNVCFD- RWECFD EVMLWF- EVMLWF- |W WRF
B AMK only 15.6% : : 14. 7% 14 6% B TK only 12.6% 9.0% 6.5% 9 9% 9.9% sector  |combined new old 9 LOWGSt RMSE on average fOI"
AMK + neighbours  18.2% 1% . 17.8% 17.0% 6% TK + neighbours | 16.0% 10.7% 10.6% 12.6% 11.7% . 160 S e — . n 10.3%
R e S u I t s 170 6.4% 5.2% 5.9% 6.2% 6.9% 7.6%
130 3.3% 8.0% 9.6% 11.6% 8.8% 6.4% DNV CFD
130 4.0% 5.4% 8.0% 11.9% 8.7% 7.2%
* Normalized PoP best captured by RWE CFD at AMK and DNV CFD a0 s e saw el e b — Both DNV CFD and EVM LWF
@ TK = CFD consistently most performant across both sites. oY e oo reasonably consistent across
« . . . 240 5.5% B.1% 5.5% 5.4% B8.9% 8.4% .
 WRF performs surprisingly well when modelling the normalized 0| ass 2% 5w si|  8ew| 7% both wind farms
260 4.2% 6.4% 5.0% 5.0% T.7% 9.9%
PoP at AMK, a bit less so at TK. sewUIaN eaw 7w
 The impact of the cluster effect is large on the plateau of the
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thrust curve. Aggregated over the wind climate, the cluster
effect shaves off about 3%-4% from the energy yield at AMK and
2%-4% at TK. WRF shows unexpectedly high losses given PoP
trends.
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Discussion

* At both sites, excluding WRF, the variation in turbine interaction
losses between all models are within the uncertainty that would A
typically be assigned to them. Though somewhat worryingly, the EE::ztf;:;:]rzgtaav\gcgfwn:Cczr:q
CFD models which agree with the SCADA best also predicts the T elizabeth traiger@dnv.com

largest cluster effects. CLEAN
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 WREF delivers consistently larger losses than the other models, PQWER.
likely overpredicted based on [2], indicating a bias between
freestream and wind farm power for an isolated turbine, when
there should be none.
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