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4 tools
• Blade erosion risk atlas
• Wind farm control tool
• AEP tools 
• Erosion safe mode tool



Feedback from industry

AIRE Project´s Industrial partners have participated 
actively in:

• tool’s requirements definition  
• tools evaluation



Erosion risk atlas



Erosion Risk Atlas Overview 
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Data source: worldclim.org 

Decision making tool to understand associated
erosion risk to the environmental conditions (wind
and precipitation).

Qualitative tool: many uncertainties!



• Period
• Representative year 2021
• Based on yearly damage of 9 locations over Europe

• Domain: NEWA domains
• Model configuration from preliminary sensitivity test 
• 3 km resolution
• Merge at country borders

• Layers:
• Accumulated annual precipitation
• Wind speed at 100m & 150m agl
• Accumulated annual damage / time to erosion onset

 blade damage models
 turbine types
 coating material

Erosion Risk Atlas Method and Capabilities
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Source: Dörenkämper et al. (2020) 



Wind farm control tool



Fast dynamic simulation of wind farm response

Specific capabilities:

Impact of erosion

Impact of erosion safe mode

Impact of yaw misalignment control
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Wind farm control tool - Overview
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• Control framework for Wind Power Plant Control and Wind Farm (Flow) Control

• Erosion impact through Cp/Ct data

• Erosion Safe Operation and Yaw Misalignment Control capabilities

• Python implementation (with quasi-static PyWake/FLORIS/FOXES)

• Impact of erosion, Erosion Safe Operation, Yaw Misalignment Control

• Impact of wake model choice

• Dynamic vs static evaluation of Erosion, Erosion Safe Operation, Yaw Misalignment Control

Wind farm control tool - Capabilities



Wind farm control tool - Usability
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• Web site with the documentation

• Examples

• Run using an editable jupyter notebook



AEP prediction tools



ATENEA

(Advance Tool for prediction of 
annual Energy under Erosion and 

calima)
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ATENEA overview
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ATENEA combines the aeroelastic tool OpenFAST with an airfoil performance model developed with machine

learning to obtain AEP depending on the blade erosion progression due to rain and the wind turbine

operational conditions.

ATENEA uses:

- A series of a site-specific wind speed and rain intensity data

- OpenFAST simulations to obtain the needed power curves

- Springer Model to predict blade erosion damage

- Airfoil Performance Model (IA) to infer eroded polars for each year and blade section
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ATENEA

*APM:

Wind speed, 
and rain 

intensity time 
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OpenFAST’s 
WT model 

with 
Controller

Blade 
status 

evolution

AEP 
evolution

run and postprocess OpenFAST
power curve cases in parallel

Airfoil Performance Model that uses 
ML to infer eroded polar curves 

Springer Model to predict blade
erosion damage

ATENEA
overview
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ATENEA usability
atenea_input.yml



ATENEA capabilities
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- AEP of a wind turbine over different years based on a meteo series

- It estimates the evolution of differentiated erosion for each blade section depending on the WT’s operation (controller-

dependent)

- AEP losses with respect to the first year of the meteo series

- The IEA-Task46 erosion status categories (different for blades

and power)

- CpCt

- Power curves



SALT

(Simplified Aerodynamic Loss Tool)



SALT – Simplified Aerodynamic Loss Tool

LERCat: D Simple
BEM

AEP
Loss

Power curve

Blade inspection 

Aerodynamic damage 
categorisation 

SALT LERCat 
Open repositories 

 Fast tool to compute aerodynamic 
losses from leading edge roughness 
and erosion inspection data

 Simplified BEM (Bak, 2022)
 Excel & Python versions
 Runs on any laptop
 Instant results 
 Validated & Accurate  
 Openly available

SALT
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Erosion safe mode operation



Erosion-safe operation Overview
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The tool enables a proactive control strategy that optimizes the trade-off between power production

and blade coating life. By reducing rotor speeds during high-intensity precipitation events, the tool

derives optimal erosion-safe curtailment strategies.

Design ESO Operational ESO



ESO Tool Overview

• Design tool used for calculating optimal 
turbine- and site-specific rotor speed 
schedules used for erosion-safe 
operation

• Modular, lightweight and flexible

• Basic user inputs and access to pre-
defined models.
Hi-fi inputs  hi-fi outputs
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Wind turbine 
module

Erosion 
damage
module

Weather 
module

ESO 
optimization 

algorithm
Simulation

𝑃𝑃(𝜔𝜔,𝑈𝑈) 𝐷̇𝐷(𝜔𝜔,𝑈𝑈, 𝐼𝐼)

𝜔𝜔∗(𝑈𝑈, 𝐼𝐼)

AEP loss
Life extension

User inputs
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ESO Usability
• Web site with the documentation

• Examples

• Run using an editable jupyter notebook



Thank you.
@ProjectAire @Aire Project

More details about 
AIRE tools at 17h 

today!

https://twitter.com/ProjectAire
https://es.linkedin.com/company/aire-project?trk=public_post-text
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