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40GW to 80GW of repowering project in Europe Union by 2030

2

Expected volume of repowered wind capacity in the European Union (WindEurope)

Introduction
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Existing farm operating Repowered farm period
EYA process 
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Introduction

𝑡0 𝑡0 + 25 years𝑡0 - 25 years
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State-of-the art methods

𝐸(𝑃) = න𝑃 𝑈, 𝜃 𝑓 𝑈, 𝜃 𝑑𝑢𝑑𝜃

Wind resourceFarm power curve
Power production



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

PDM :

6

State-of-the art methods

Farm power curve model:

𝐸(𝑃) = න𝑴𝑳 𝑼, 𝜽 𝑓 𝑈, 𝜃 𝑑𝑢𝑑𝜃

Calibration: correcting inputs

𝐸(𝑃) = න𝑃 𝑈, 𝜃 𝒇 𝑈, 𝜃 𝑑𝑢𝑑𝜃

𝐸(𝑃) = න𝑷 𝑈, 𝜃 𝑓 𝑈, 𝜃 𝑑𝑢𝑑𝜃

or

𝐸(𝑃) = න𝑃 𝑈, 𝜃 𝑓 𝑈, 𝜃 𝑑𝑢𝑑𝜃

Adjustment: correcting outputs

𝐸(𝑃) = න𝑷 𝑈, 𝜃 𝑓 𝑈, 𝜃 𝑑𝑢𝑑𝜃
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State-of-the art methods

Are the PDM errors similar for a repowering project? 

Farm data

𝑃𝐷𝑀 𝑒𝑟𝑟𝑜𝑟
≔ 𝚫𝑷𝒓𝒆𝒑𝒐𝒘𝒆𝒓𝒆𝒅

PDM

PDM

𝑃𝐷𝑀 𝑒𝑟𝑟𝑜𝑟
≔ 𝚫𝑷𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

Operational
assessment (OA) 

Adjusted P = 
𝑃𝐷𝑀 − 𝚫𝑷𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

Adjustment error=
𝚫𝑷𝒓𝒆𝒑𝒐𝒘𝒆𝒓𝒆𝒅 − 𝚫𝑷𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

Δ𝑃𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑 ≟ Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔
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State-of-the art methods

PDM over period
1 (ex: 2010-2017)

PDM over period
2 (ex: 2017-2023)

PDM error farm A,
period 1 ≡ 𝚫𝐏𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

OA over period 1
(ex: 2010-2017)

PDM error farm B,
period 2  ≡ 𝚫𝐏𝒓𝒆𝒑𝒐𝒘𝒆𝒓𝒆𝒅

OA over period 2 
(ex: 2017-2023)

<7.5 km

~100 years of SCADA datasets for 25 pairs of colocated wind farm. 

Farm data

Farm data
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Results

Max distance = 5km

Max distance = 7.5km

PDM error farm A,
period 1 ≡ 𝚫𝐏𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

PDM error farm B,
period 2  ≡ 𝚫𝐏𝒓𝒆𝒑𝒐𝒘𝒆𝒓𝒆𝒅

<7.5 km
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Repowering project (FR): PDM and CONWEY uncertainties are 8.83% and 6.92%

Results

Farm dataPDM

PDM

𝑃𝐷𝑀 𝑒𝑟𝑟𝑜𝑟
≔ 𝚫𝑷𝒆𝒙𝒊𝒔𝒕𝒊𝒏𝒈

Operational
assessment (OA) 

CONWEY P = g(PDM, 
Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 ,

𝜎(Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 , Δ𝑃𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑),

𝜎(𝑂𝐴)) 

CONWEY error quantified
and minimal

Error
correlation

Uncertainty
quantification
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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.

11

Conclusion
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Conclusion

Contact : Paul.mazoyer@engie.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)

mailto:Paul.mazoyer@engie.com
https://hal.science/
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Similarities: same layout and hub height

Differences: different periods and types 

of turbines

𝜌 Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔, Δ𝑃𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑 derived from 

expert elicitation

14

Results
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Example of flow modeling errors

Mast Same
mast

Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 is dependent on ΔU𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔
Δ𝑃repow𝑒𝑟𝑒𝑑 is dependent on ΔU𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑
Since 𝜌 ΔU𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔, ΔU𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑 ≠ 0 then 𝜌 ΔP𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔, ΔP𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑 ≠ 0

ΔU𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 =

𝑒𝑥𝑡𝑟𝑎𝑝(𝑈𝑚𝑎𝑠𝑡) − 𝑈𝐻𝐻𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔

ΔU𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑 =

𝑒𝑥𝑡𝑟𝑎𝑝(𝑈𝑚𝑎𝑠𝑡) − 𝑈𝐻𝐻𝑟𝑒𝑝𝑜𝑤𝑒𝑟𝑒𝑑

Sample autocorrelation of the flow 
modeling errors for simple terrains [1].

𝜌
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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.

16

Method and data

It is expected that 𝜌(Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔, Δ𝑃repow𝑒𝑟𝑒𝑑) ≠ 𝟎 however Δ𝑃𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 ≠ Δ𝑃repow𝑒𝑟𝑒𝑑


	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16


