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Performance testing dgi'n Ny
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“Absent cost, there is only upside to more accurate

and reliable wind turbine performance testing”
(Dale Apgar, AES)
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Current solutions lead to accuracy vs. coverage trade-offs

c overage

NWP, CFD
Entire site O
SCADA
A“ 'turbine_s O O
ML analysis Mast, lidar
1 or & turbines O
==
Acc.uracy

NWP:  Numerical Weather Prediction

CFD: 00mputatTona| Fluid Dynawmics

SCADA: Supervisory Control And Data Acquisition
ML: Machine Learning
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Partial combinations exist for specific uses

c overage

NWP, CFD
+ Performance testin
Entire site O O O 1
O + O CFD corrections in compfex terrain
Numerical site calibration
SCADA Flow wmodel validation
All Turbines O O O + O Lidor turbulence reconstruction
) + Wake mode,l validation
ML oxnox[lfSnS MO\S't, lidar O O o ahcia
+ Relative performance monitorin
1 or & turbines O O O e g
==
Acc.uracy
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We propose to combine them all to reach rellable performance

monitoring at scale . | ,,

c overage

Entire site

@ Impro\/e_d per‘Pormance monitor?ng?
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Mast, ik
®

>

All turbines

1 or & turbines

Acc.uracy
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A digital twin based on physics modelmg W|th site speC|f|c

calibrations e | ,,

Data sources Dif,?‘tal twin

Cleoming + Cleaned

SCADA £ corrections | T SCADA

: W — W‘md ' E w l’\d dD\'tO\ |

' measurements 5 cleon ng % Bii w Wind, wakes & power
. L : 10 min timeseries

i Calibrated - —i# at all turbines

R ECMWH Reanalysis | i——a ‘ffnal .| |Freestream 10 minf—> Farn =+ Turbm.e —= W“}ced 101 ik
HE calibration ) . wake wodel oroduction timeseries |:

( ERA5 ) HE tTimeseries :

E / BN

H . NS FOXES ""WW" P
> GPU based LES Wind ‘P[ow - 0% = )
> WRF based ' ' (;;" — PyWake WG
> RANS CFD based MOJCIS H : ( y

P

. . .
R R e e N I I e R R R R

RESOURCE [amErican

&TECH [sqwer




/ / / //// //
/ Vs 7/




An important first step is to validate the wind’ speed predlctlon

accuracy for operational wind farms

g

Validation parameters
- 6 wind farms in operations
- 18 calibrated operational sensor (masts,
nacelle lidars, spinner anemometers)

- Durations ranging from 3 weeks to 1 year
- Calibration with pre-construction data only
- Gap between calibration & prediction:

- Distance: 0 km to 11 km

- Time: 1 year to 11 years

Calibration Prediction
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Results (including wakes)

Bias (m/s) -0.01 £ 0.10
Absolute bias (m/s) | 0.11 £ 0.04
MAE (m/s) 1.10 + 0.17
Correlation (-) 0.81 + 0.09

* Site aggregated, then averaged
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Validation against an IEC power curve test shows promlsmg power

prediction accuracy results ) . |

Time series

1

0.6

o
)

— Scada
——— Mast & Ref PC
~— Predicted

Power [-]
o o
s =]
Validity [-]

0.4 + IECvalid

Validation result

o
[N}

0.2 |
“%%2%6 Apr9 Apr 23 May 7 May 21 Jun4 Jun 18 Jul 2 Jul 16 Jul 30 Delta vs Scada
Mast & ref PC -0.3%

Distributions Predicted -0.6%

300

0
- -.-.

Power [

| RESOURCE [aAmEriCcAN
& SHErgie Site Simple terrain, 4 month IEC power curve test o CLEAN
TEAM STECH [qwer

o

W sScada
M Mast & ref PC
M Predicted

nt[-]

2

=1

1

10min data cou
(=]




It enables more reliable operational power curves

using calibrated wind speed data for each turbine .

Scada Operational Curves

- -

Apply Nacelle Transfer Function
between nacelle anemometer and
predicted time series
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From wind farm performance screening

to root cause analysis

Step 1: assess performance ratios Step 2: check individual PC

Step 3: identify root cause

Blade Collective Pitch vs Power
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Detection of unknown under performances and identification
of potential root cause (pitch) -> OEM engaged for resolution.
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Conclusion & Outlook

« Adigital twin based on physics
modeling with site specific
calibrations is proposed

CoVe,r‘age,  §

Entire site
« Validation show it is a promising
solution for site wide operational
All turbines performance assessments

ML analysis Mast, lidar « Enables additional uses:

O « Yaw misalignment detection
» Curtailment plans optimizations
» Operational energy yield assessment

1 or 2 turbines
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A special thanks to our early partners
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