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Who we are?

Wicetec, founded in 2014

* Main product: carbon fabric-based
blade heating system for wind turbines

Blade heaters patented

Electro-thermal carbon fiber heaters are integrated on the
blade structure. Manufacturing is done during blade
production.

““om.de ) Added thickness 0.5 ... 1 mm e R S
—— Blade coating
Protective GFRP, thickness 0.3...0.5mm W

Inside Heater CFRP, thickness 0.2mm
Blade shell structure
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BorealisWind, founded in 2016

* Main product: internal hot-air blade
heating retrofit
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What does “performance envelope” mean?
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Performance envelope describes the weather conditions, [PR = _Actual Energy Production (during icing) 1 1
where blade surface temperature Potential Energy Production (during icing)
A can be raised above 0 °C.
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What impacts IPS Performance Envelope?

« Ambient conditions:
 Wind speed
« Temperature
* Liquid water content

« Rotor RPM (anti-/de-icing)
* Heating power
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How the performance envelope can be validated?

IEA Wind Task 54 — Performance
envelope sub task is developing
the methodology

Icing weather, Dry weather, Dry weather,
turbine in operation turbine in operation turbine standstill

Measurements depending on case

-wind speed Measurements Measurements Measurements
-ambient temperature | - oS Em S T e S S o e S S S e eSS m S eSS e -
-icng 0 B e

Modelling Transfer to

“turbinein
operation”

-blade surface temperatures
-turbine data

-pictures from blades (hub
camera etc.)

For example:
IPS Performance Envelope
Model by Patrice Roberge
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Transfer to “icing weather
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Post processing to
define the performance envelope
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Thermal imaging of blade heaters
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Temperature [°C]

/ Drone IR measurement

— Ambient temperature

12:25 PM 12:30 PM

12:35 PM 12:40 PM 12:45 PM

model + TURBICE
simulations

Transfer of “standstill & dry
measurements” to operating
and icing conditions
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Timestamp
Anti-icing performance envelope
Wind speed [m/s]
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
0.0 . L . ‘ . . ‘ .

Blade surface > 5°C

354 Blade surface > 0°C

Blade surface < 0°C
-5.0

e 7

Wicetec’s thermal 75

Winterwind 2025, 4-5th Feb, Wallenius & Roeper, Blade heating system
performance envelope field validation - practical experiences

—10.0 1

-12.5 1

Ambient temperature [°C]

—=15.0 1

/
4

=17.5 1

-20.0

Borealis

Ice Protection System




Case example - Ground based thermal camera measurements

Temperatures
80
70
60
. 50
L
Q 40
5
E 30
()]
Q- 20 . . . .
= FabricAir | BorealisWind
|_
10
] ‘ Ambient Temperature -7°C
- L
’ Q 5 10 15 20 25 30 35 40 45 50 .
B Wind Speed 6 M/s
20 Blade Internal Temperature 32°C
Position w.r.t BP (m)
Blade External Temperature 11°C

—Duct LE Wind temperature External Temp. Threshold

A . . )
A QWVICETEC FabricAir It




o
S Y F

\\ Case example - Surface Mounted Temperature Sensors

f External Blade Temperature during Heating Cycle

15

« External temperature
measured on leading edge at
37m of 45m blade .

* Measured January 2021

* |PS is triggered and increases ) e =
external blade temperature up o ‘e
to 9°C from -8°C : - haty 1
. . 7.40.48 8.5 10.04.48 11.16.48 12.28.48 13.40.48 14.52.48 x16.04.48
 Data used for validation | ‘bar
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® Wind Speed (m/s) ® Ambient Temperature (C) ® Blade Temperature (C)
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Effect of operational mode

De-icing

STOP

Ambient temperature [°C]

De-icing performance envelope
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Anti-icing
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Ambient Temperature

Validation of Operational Envelope using Turbine Data

 Validating performance of turbine vs the operational envelope in icing
conditions using production loss in bins of temperature and wind speed
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Power Lost Mean vs Ambient Temp and Wind Speed, Week 2020-12-03 to 2021-03-31
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Key take aways

To Developers/Owners/Operators To IPS Providers

- Understand icing conditions atthe  « Choose your measurement strategy
site in bins of wind speed and carefully and understand how to
temperature transfer temperatures to

- Compare site icing conditions to performance envelope
performance envelope of the IPSto  « Anti-icing vs de-icing

find the right solution « Validate performance envelope
« Know that performance envelope is with field data

only one piece of the puzzle to

determine % recovery

To Do:
 Classify icing conditions with Liquid
Water Content
- Task54
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