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Are you satisfied with the performance of the IPS you are using?

| am not using an IPS

Why are
people not

Yes

satisfied?

No

Godreau, C., 2020. Ice Protection Systems and Retrofits: Performance and Experiences. Winterwind 2
2020, Are, Sweden, 3-5 Febuary 2020.
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Ice Protection Systems (IPS)
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* Numerous factors

e Understand fixed
limitations
e Plan ahead

* Actionable parameters
* Take control




IPS availability

=
S
S
<
T
=




Turbine status = Kcing = Stepother 0 Tower 0K Other
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Turbine status

I Icing 0 Stop other 0 Tower Ok Other
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Ice Losses [MWh]
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No IPS
IPS Available
IPS Unavailable
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IPS Availab

How to quantify?

* Easy KPIs to identify quickly unavailability

1. Was it activated when supposed to?
2. When activated, did it heat?
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Triggering
strategy
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Reactive vs. proactive approach

Actual production msm Expected prod. Blade heating mm Icing code
mm Projected prod. with wind speed mm Meteorological icing
Turbine 1
Actual Behavior
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Power [kW]
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Power [kW]

Turbine 1

Actual Behavior

Expected Behavior with Smart Triggering
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Turbine control
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Barealis Wind
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Same heating system, different sensitivity

Jan 0z 03 04 05 06 07
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Appropriate
power
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* Performance
envelope
(Task 54)

* You will never
prevent 100%
of the icing
losses

LWC =0g/m3
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Blade
limitations
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Blade limitations

 Often not 100% of the available heat can be used
* Maximum temperature of the fiberglass
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Anti-icing vs.
De-icing
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Anti-icing vs. De-icing

* Turbine stopped

* = lower relative wind speed
* = petter efficiency?

* Not always the case
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Anti-icing vs. De-icing

* Cold spots need an
extra kick

* Centrifugal forces +
blade bending helps ice
removal

"y
5

26




Heated area
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* What part of the
blade should be
neated?

o _eading edge? Borealis Wind, 2022
Trailing edge? All?

20.10.2009 10:11:04

Enercon, 2011

Wicetec Oy., 2021
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Other
Considerations
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* |ced up blade
add-ons

* Vortex generators
 Blade cerrations

* Not heated, can
hinder performance

* Collateral damages
* Heating limitations
* Cost of heating
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IPS
Performance
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IPS
Performance
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Triggering strategy Anti-icing vs. De-icing

Turbine status lcing Stop other Tower oK Other
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Heated Area Turbine control
strategy

Bid

A small heated area will rarely remove 100%
of the ice and requires a more lenient
turbine control strategy
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Is the IPS efficient?
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Turbine status Icing Stop other Tower oK Cther
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Now what?

How do | put all of these
ouzzle pieces together?

ceBrain

* Generate IPS availability KPIs
* Trigger IPS based on the IC-1
* Live monitoring for icing

37




Thank you
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Synergy

* Project planning phase

* One missing piece can
make the difference
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IPS availability

« Easy KPIs to T }HHH
Identify quickly

unavailability
1. Wasitactivated ™
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B Trigger success Bl Trigger fail

IPS Availabilit
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Anti-icing vs. De-icing

e Accretion zone In
anti-icing vs de-
Icing

e |ce accretion
outside the main
heating zone

e Harder to remove

7
>
a0
-
9

Anti-

42




	Slide 1: The Missing Piece
	Slide 2: Why are people not satisfied?
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Ice Protection Systems (IPS)
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: How to quantify?
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Blade limitations
	Slide 24
	Slide 25: Anti-icing vs. De-icing
	Slide 26: Anti-icing vs. De-icing
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Now what?
	Slide 38: Thank you
	Slide 39
	Slide 40: Synergy
	Slide 41: IPS availability
	Slide 42: Anti-icing vs. De-icing

