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So far adopted concepts in the industry

One general distinction can be made with respect to existing concepts:

• Economically driven definitions such as “production retention” 
and “Ice Production Ratio” related to the produced energy

Already available with the IEA Wind TCP Task 19 
“Performance Warranty Guidelines for Wind Turbines in Icing Climates”[3]

• Meteorologically/technically driven definitions such as 
functions of temperature, wind speed etc. related to a 
systems performance/efficiency

The subtask and workshop are focused on the latter concepts. [2]

[1]
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Subtask organization

• WP1 – Terminology and definitions

• WP2 – Exemplary data of icing events

• WP3 – Modelling of IPS performance

• WP4 – Recommendations on field 
validation of IPS performance

• WP5 – Collaboration with wind 
tunnel subtask

• WP6 – Dissemination

Meteorological data

Modelling of system Verification of warranty

Field validation

Siting Commissioning Operation

WP2

WP3

WP4
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We should call a spade a spade

Mentimeter poll - What name would you prefer as standard term?
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WP1 – Terminology and definitions

• Performance envelope as term for the system-, 
control-, site and event-specific range where 
icing can be effectively avoided by the heating 
system

• Operational envelope as defined in the T19 
Performance Warranty Guidelines referring to 
the range agreed upon between manufacturer 
and operator for applicability of the warranty

• A glossary with these and other definitions will 
be part of the planned publications
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WP2 – Icing loss – different sites / different turbine types

Wind turbine in Eastern Canada

• Different patterns of icing conditions for different locations / different turbine 
types
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WP2 – Exemplary icing events

Mentimeter poll – Are you willing to share respective anonymized icing data?

Thank you!
We will definitely get 
back to you on that!
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WP2 – Icing event data base

• Public database for datasets of icing events

• Consisting of voluntarily shared time series data 
of turbines or measurement equipment

• Extent of details on origin and location of data 
or level of anonymization set by contributor

• Exemplary data shall compile and showcase the 
differences in icing characteristics for different 
regions/locations as well as during the 
progression of single icing events

 More details during the workshop…
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WP3 – Potential performance envelope

LWC = 0 g/m3
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WP3 – Performance envelope model code

• Parametrization with respect to
 Blade dimensions
 Heating system characteristics 
 Ambient conditions

• Can be used to
 Assess a system’s suitability for conditions 

at a specific site
 Evaluation/control of a system in operation
 Evaluation/validation of a system’s 

performance under specific conditions

 More details during the workshop…
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WP4 – Field validation

• Deduction of a methodology 
to infer performance envelope 
from IR imaging of stationary 
turbine in dry (LWC = 0) 
conditions

• Transfer functions to be developed 
and validated
 From IR measurements to 

system-specific heat transfer 
along blade

 From results of stationary turbine 
in dry conditions to operational 
turbine in LWC > 0 conditions
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WP4 – Key take-aways/questions from the group discussions

• Wide-spread unease about the uncertainties of the proposed method

 But also the comment “Better than nothing – we have to start somewhere?!”

 Thorough validation and evaluation of the uncertainties of a future method will 
be key to its acceptance

 Transparency about used simplifications and resulting limitations

 More details on the work in progress during the workshop…
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Workshop agenda
• 14:00 – 14:20 Welcome and introduction

• 14:20 – 14:55 Presentations WP2 & 3

• 14:55 – 15:25 Group discussion

• How could you make use of the presented input/tools in your field of work?

• What is lacking? What should be changed/improved?

• 15:25 – 15:40 Coffee Break

• 15:40 – 15:55 Presentation WP4

• 15:55 – 16:20 Group discussions

• How could you make use of the presented input/tools in your field of work?

• What is lacking? What should be changed/improved?

• 16:20 – 16:50 Panel discussion of results

• 16:50 – 17:00 Closing remarks and outlook
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Outlook

WP2 – Icing event database

• Call for contributions until end of June 2024

• Official publication under IEA Wind umbrella until end of 2024

WP3 – Model code for performance envelope simulation

• Iterative improvement of code against field data

• Official publication under IEA Wind umbrella until end of 2024

WP4 – Field validation methodology

• Further specification of detailed methodology 

• Compilation of requirements for further research on validation of methodology

• Continuation in potential next term of T54
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WP2 – Icing event data base

 The call for contributions has been sent out 
to last year’s participants and will be sent 
out to you after this workshop!

 Please contribute!
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WP2 – Icing event data base

• Where is the database hosted?

• What is available?

• What can the data tell me?

• How can I contribute and share my data?
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WP2 – Where is the database hosted?

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD
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WP2 – What is available?

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

Currently

two datasets

available Folder to

upload data

Register with

metadata

Terms of

Services

Information about

call and data register

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD
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WP2 – What is available?

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

Terms of Services

Terms of

Services

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD
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WP2 – What is available?
https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD
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WP2 – What is available?
https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD
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WP2 – What can the data tell me?

Germany – 18 Jan 2018
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WP2 – What can the data tell me?

Eastern Canada – 14 Dec 2018
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑖𝑐𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =
# 𝑜𝑓 𝑖𝑐𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑇,𝑊𝑆𝑃𝐷 𝑏𝑖𝑛

𝑇𝑜𝑡. # 𝑜𝑓 𝑖𝑐𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing

• Instrumental icing versus ice losses during operation
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing

• Instrumental icing versus ice losses during operation

• Deriving icing type from meteorological conditions during icing events
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing

• Instrumental icing versus ice losses during operation

• Deriving icing type from meteorological conditions during icing events
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WP2 – What can the data tell me?

• Atmospheric conditions during instrumental icing

• Instrumental icing versus ice losses during operation

• Deriving icing type from meteorological conditions during icing events
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WP2 – How can I contribute and share my data?

https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN
Different link 

with writing and 

editing rights

Create a new

folder and add

the data

Copy the register

file from the

download folder

to new folder and 

add contents

Folder by event

https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN
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WP2 – How can I contribute and share my data?
https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN

Name of folder

https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN
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WP2 – How can I contribute and share my data?
https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN

https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN
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WP2 – How can I contribute and share my data?
https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN

https://transfer.meteotest.ch/s/ziFAw9wmdNHwDkN
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WP3 – Blade envelope model

• Why do we need a model?

• What information do I need?

• How does it work?

• How to use it?
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WP3 – Why do we need a model?

• Understand the performance of blade heating systems

• Chose appropriate systems on new sites depending on the site-specific
conditions

• Design blade heating systems that are adapted to certain meteorological
conditions

• Optimize the operation of blade heating systems by triggering in 
appropriate moments

• Compare different technologies
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WP3 – What information do I need?

Parameter

• Blade length

• Power of heating system 

• Fraction of the blade heated

• Heating losses

• LWC

• De-icing / Anti-icing

• Blade surface temperature
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WP3 – What information do I need?

Blade length

• Defines the area that is
heated

• Defines the RPM to keep an 
optimal TSR

Heating system power

• Power fed to the heating
system per blade
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WP3 – What information do I need?

Fraction of the blade heated

• Only leading edge or more?

• Runback?

• Increase of heated surface

• Heating fraction = heated length /
chord length

Heated length

Chord length
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WP3 – What information do I need?

Heating losses

• Heat lost in other surfaces

• Inside of the blade

• Pressure side and suction side outside 
of leading edge

• Hot air or electro-thermal

• Hot air : experimentally around 20%

• Electro-thermal : Estimated at 10%, 
need to be tested

• Need to be considered

Heated zone

Heat loss
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WP3 – What information do I need?

• LWC

• De-icing / Anti-icing

• Defines the RPM

• Blade surface temperature

• Aim for 0 degrees or for 5 degrees 
to account for uncertainty 
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WP3 – How does it work?

• Simplified model

• Assume that the blade surface is heated to a constant temperature

• Compute the power needed to keep this temperature
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WP3 – How does it work?

• Simplified model

• Simplified as a thermal resistance
circuit

• Equivalent to BEM

• Empirical convection equations

• Take into account the effect of LWC
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WP3 – How does it work?

Assumptions

• Uniform heated surface temperature

• Blade dimensions can be scaled linearly

• The blade is ice free (insulating effect vs. 
increase surface roughness)

• Air properties have to be estimated at a fixed 
temperature 

• Sticking efficiency of the particles is equal to 1
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WP3 – How does it work?

Validation of convective heat transfer
equation

• Nordex reached out 

• Compared model results to thermal 
imagery of running turbine

• Excellent coherence with field
results for turbine in operation 

• Needs to be refined for stopped
turbine
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WP3 – How to use it?

https://transfer.meteotest.ch/s/moPeLp7EzEpscRD

BETA version

• Same cloud as data sharing

• Next version will be available 

elsewhere Contains:

• Executable file

• Python source
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WP3 – How to use it?
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WP3 – What is next?

• Modifications to the model

• Define spanwize heating zone

• Add option for individual power and heated fraction for each section

• Refine model for stopped turbine (de-icing)

• Better estimation of heating losses of electrothermal systems

• Improve the UI

• Get feedback and find new ways to improve

What do YOU think we should do next?
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WP4: Recommendation on blade heating system 
field validation

Objective : Find a simple, 

reproductible and 

effective way of validating 

IPS performance on a full-

scale wind turbine

Source: wicetec.com
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borealiswind.com

Proposed Method – Introduction

Use thermal imaging along 

with a tool developed by Task 

54, to validate IPS operational 

envelope.

Note: Does not account for 

what the loss recovery will be, 

which is a more complex 

analysis involving the 

triggering logic, availability, site 

icing conditions, etc.

Source: borealiswind.com

Source: borealiswind.com
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Proposed Method – Step 1

1. Take thermal images from the ground 

with the turbine stopped

2. In temperatures below 0°C, and dry 

conditions (LWC = 0) in at least 3

different combinations of temperature 

and wind speed (T, WdSpd)

borealiswind.com

Source: Jan Winstroth
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Proposed Method – Step 2

1. Use the thermal image to 

identify to temperatures along 

the blade

2. Task 54 to provide a tool 

to translates the temperature 

to the operational envelope in 

a variety of conditions

Source: borealiswind.com



IEA Wind TCP

59

Thermal Imagine Requirements – Image Quality

• Thermal image of a stationary blade, 
from the ground, can be taken with an 
“uncooled” camera

• Flir E8 (320x240) would produce and 
image like this, which in not sufficient 
for temperature collection, there are 
not enough pixels

• Flir T640 (640x480) would produce an 
image like this, which has sufficient 
pixels to collect blade temperatures

Source: borealiswind.com

Source: borealiswind.com
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Proposed Method – Feedback from 2023 Workshop

Use thermal imaging along with the method developed and validated by Task 

54, that uses blade surface temperature to determine the IPS operational 

envelope.

Feedback:

• There is too much inaccuracy caused by taking measurements of a 

stopped turbine, to be able to determine the performance of the IPS 

while the turbine is running.

• Our answer: this margin of error can be quantified through a research project, 

and will be the same for any IPS, as long as the procedure is followed, but we 

can also investigate taking photos during turbine operation.
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Proposed Method – Option 2

• To take photo of a turbine in 
operation with blade heating active, 
it necessary to use a “cooled” 
camera, like the Flir A8581 (1280 ×
1024) to obtain a crisp image

• With an uncooled Flir T640 
(640x480) camera the blade tips will 
be blurred

• A cooled camera (Flir A8581) can 
provide excellent image quality but 
can also be relatively expensive

Uncooled Cooled

CooledCooled

Source: Teledyne | Flir

Source: Teledyne | Flir
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Proposed Method – Option 3

• Position the camera in the frame of 
reference of the blade

• The camera will be moving, but the 
blade will be stationary in its view

• Mounted on the hub, a drone, or on 
a rotating tripod

• Flir T640 (640x480) would produce a 
usable image, and perhaps even 
lower resolution would be possible 
for the hub or drone camera

Source: wicetec.com

Source: romotioncam.com

Source: Wind Systems Magazine
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Proposed Method – Options Comparison

Option 1: 

Stopped Turbine from 

the ground

Option 2: 

Operational Turbine 

from the ground

Option 3:

Moving camera, blade 

in stationary frame of 

view

Resolution required 640 x 480 1280 × 1024 640 x 480

Price of camera 10k€ - 30k€ 100k€ - 150k€ 20k€ - 50k€

Margin of error ~10% 1-2% TBD

IPS type De-icing OR Anti-icing Anti-icing only De-icing OR Anti-icing

Set up time 1 hour 1 hour 1-5 hours
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Poll

• Option 1: Thermal image of stopped turbine, 

transferred to operational envelope

• Option 2: Thermal image of operational turbine, 

transferred to operational envelope

• Option 3: Explore drone or hub mounted cameras 

to put the operating blade in a stationary frame of 

view

• Would you use Option 1, 2, 3 or other?

• If other, let’s discuss!
Link to Poll

https://www.mentimeter.com/app/presentation/aliexckz8mnjajh3ptfrzgtnjnm3nen1/s4zu5eepbjib/edit
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