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Background

Definition
› AEP: Annual Energy Production
› AEP deficit: Difference between Expected AEP and Actual AEP

Problematic
› Wind farm underperforming = Loss in project revenue
› It is hard to break down the deficits

Workflow for quantifying AEP deficits from different origins
› Misestimations of the wind resource (wind data, flow model, wake model, …)
› Deviations in turbine performance (control strategy, environmental impact, …)
› Other contributing factors 2



Case study

Actual AEP is 57% of the designed theoretical AEP considering wake

What went wrong?
› Is pre-construction wind resource assessment reliable?
› Nacelle wind speed-based power curve matches theoretical curve
› Operational records shows strong curtailment impact
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Workflow for post-construction analysis
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AEP deficit - wind resource

AEP deficit - turbine performance

AEP deficit - other losses

Tune & validate flow model

Analyze abnormal behavior

NSC1 NTF2 Access actual power curve

1: NSC = Numerical Site Calibration; 2: NTF = Nacelle Transfer Function

Standard process



1- Methodology - Focusing on improving wind resource assessment

Advanced modelling approaches and 
model tuning
› State-of-the-art mesoscale-

microscale coupling model chain

AEP deficit due to resource 
assessment
› Difference between AEP estimates 

using original and tuned wind flow 
model
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Case study - .Improving wind resource assessment.

Re-run resource assessment
› CFD-MMC (Mesoscale-Microscale Coupling) modelling approach

Verification with operational data
› Wind speed estimation error reduced from 9.0% to 1.5%

Contribution of overestimation of wind resource
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2- Methodology - Focusing on assessing turbine performance

Determine free-stream wind speed from 
nacelle wind speed
› Using on-site wind measurement data to 

establish NTF (IEC 61400-12-1, -12-2)
› Performing NSC in complex terrains (IEC TR 

61400-12-4) 

Determine actual power curve
› Using a robust algorithm that relies on 10-

minute wind speed and output power readings 
as minimal inputs, identifying and classifying 
turbine operation status

AEP deficit due to turbine performance
› Difference between AEP estimates using 

theoretical and actual power curves
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NSC: Numerical Site Calibration

Vmast Vfree Vnacelle

NTF: Nacelle Transfer Function

Operation status classification



Case study - .Investigating turbine performance.

Determine the NTF
› Extract valid data

• Select SCADA data with normal operation status
• Exclude sectors exposed to wake and obstacles

› Perform numerical site calibration
› Determine NTF for selected turbines and check their 

consistency

Access the power curve
› Application of NTF on turbines in the same wind farm

Contribution of turbine underperformance
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Curtailment verification: Wind Sector management
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Case study - Results of AEP deficits
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Case study - Supplementary analysis on another project

Same wind turbine model installed in another wind farm B

Similar deviation in power curve

However, AEP of wind farm B seems “correct”
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Takeaways and discussions

 A robust and efficient workflow for post-construction analysis
 Key processing steps incorporate wind flow tuning and turbine performance assessment
 Feasible with standard measurement/operational data and software tools
 Gain deeper insights into the factors contributing to AEP deficits, more informed decision-making

—————————————————————————————————————————————————————————————
Numerical site calibration must be adopted in complex sites
Assessment of turbine performance impact on AEP should be based on accurate wind flow model
—————————————————————————————————————————————————————————————
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Presented at the WindEurope tech workshop, Istanbul 2025:
Analyzing Wind Farm AEP Deficit: Separating Wind Resource and Turbine Performance Impacts" (oral 
presentation), Zixiao Yiang, Xie Xin, WindEurope tech workshop, Istanbul 2025.



Thank you!

meteodyn.com
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