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Introduction

Repowering at one glance
40GW to 80GW of repowering project in Europe Union by 2030
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Introduction

How to integrate operational data in the
repowered farm energy yield assessment

(EYA) ? 1
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Review of
state-of-the-art
yield
assessment
methods

Wind Europe 2023: Energy yield assessment for repowering

Test of the
most promising
method ->

shortcomings
identified

CONWEY: new
method that
overcomes the
shortcomings
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State-of-the art methods

Standard EYA: Physics-driven model (PDM)
E(P)= | P(U,0)f(U,0)dudd

Farm power curve

Power curve for the future plant
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State-of-the art methods

EYA for repowering: literature review

PDM : Calibration: correcting inputs

E(P) = j P(U,8)f (U, 6)dude E(P) = j P(U,0)f(U,0)dudd

E(P) = f P(U,0)F(U, 0)dud®

Farm power curve model: Adjustment: correcting outputs

E(P) = f ML(U,0)f(U,0)dudd  E(P) = j P(U,0)f(U,0)dudo

Wind Europe 2023: Energy yield assessment for repowering 26 April 2023



State-of-the art methods

Energy adjustment approach

PDM error Operational
= AP gyisting assessment (OA) Farm data
.

Adjusted P = Adjustment error=

( )
\\ Repowered /> PDM — APexisting APrepowered - APexisting

\_// ,
AP repowered — AP existing

Are the PDM errors similar for a repowering project?

Wind Europe 2023: Energy yield assessment for repowering 26 April 2023



State-of-the art methods

Energy adjustment approach validation

N /

“h

m PDM over period PDM error farm A, OA over period 1
* T | 1(ex:2010-2017) period 1 = APeyisting (ex: 2010-2017) Farm data

PDM over period PDM error farm B, OA over period 2
1| 2(ex: 2017-2023) period 2 = AP " (ex: 2017-2023) Farm data
% ) — repowered .

\\ Repowered /

~100 years of SCADA datasets for 25 pairs of colocated wind farm.
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Energy adjustment approach validation
PDM errors correlation
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CONWEY: optimized adjustment method

X |

Existin

v

PDM error Operational
= AP oxisting assessment (OA) Farm data

A 4

Uncertainty

Error
correlation

quantification

CONWEY P = g(PDM,
APeyisting CONWEY error quantified
U(Apexistingr APrepowered): and minimal

a(0A))

Repowering project (FR): PDM and CONWEY uncertainties are 8.83% and 6.92%
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Conclusion

EYA methods for repowering projects

@ PDM errors correlate for nearby wind farms. It opens the doors for reduced uncertainty in power
production prediction,

@ PDM errors correlation is a factor of similarities between projects and not only distances,

@ CONWEY is a new EYA method that accounts for projects similarity to estimate of power production
with low uncertainty.
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Conclusion

® Contact : Paul.mazoyer@enqgie.com

© PDM error correlation:; article in IOP conference series

® CONWEY: preprint available on https://hal.science/
(CONWEY - A new methodology for assessing the energy
yield of repowered wind farms with quantified reduced
uncertainty)
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CONWEY: example for a repowering project

Type Values

. 0
@ Differences: different periods and types APeyisting 1-63;5
of turbines PAP pistings APrepowered) 69.33%

_ a(OA) 4%
« p(APexisting: APrepowered) derived from CONWEY correction Q‘() -098%

expert elicitation
Uncertainty o (AP, ey) + /- 6.92%
Uncertainty o(APppas) +/-8.83 %

@ Similarities: same layout and hub height
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Why would PDM error be correlated?

Example of flow modeling errors

#  Data (all countries) M Data (USA only)

Fit (Eg. 18) Minimum correlation
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AI-]existing = AUrepowered =
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p (AUexistingr AUrepowered)
Correlation of error

r extrap(Umast) — UHHexisting r extrap(Upmast) — UHHrepowered

Mast Same
mast

Distance (km)

Sample autocorrelation of the flow

AP,yisting is dependent on AU,yisting
APrepowered is dependent on AUrepowered
Since p(AUexisting» AUrepowered) # 0 then p(APexisting: APrepowered) # 0
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modeling errors for simple terrains [1].
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Method and data

Why would PDM error be correlated?

The error sources in PDM:

® Correlated errors: wind speed measurement, flow modeling and power curve site specific,

@ Uncorrelated errors: power curve, sub-optimal performances, vertical extrapolation and losses.

I Itis eXpeCted that p(APexisting: APrepowered) # 0 however APexisting 2 APrepowered
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