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INntroduction eologix

> Thin layers of icing decrease the aerodynamic performance of the blades
— Stall

—> Reduced output power

> A variety of approaches exists to prevent safety hazards due to icing

> But: the detection of early-stage ice events is still challenging
> Minimum mass of ice needed for vibration-based systems

NEW APPROACH: [ Measurement of early-stage icing (MESI)
= intermittent stage between pre-icing and operational icin

= (lose the gap between meteorological methods and commercial ice detection methods
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Introduction

Advantages of MESI:

Optimise the activation of the
anti-icing system:

—> increase power production
—> prevent safety-stops
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Separate power losses due to
early-stage icing from other
deviations (e.g. mechanical faults).
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Measurement System eologix
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Fologix ice detection 4+ ROMO Wind measurements =+ SCADA power output

(1) Eologix ice detection
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Fologix & iSpin - Introduction

@ ROMO Wind /Nabla Wind Hub iSpin Technology

> Ultrasonic anemometer
> Installation at the hub

> Measurements taken in front of the rotor

> Measurement of wind speed, yaw errors
and wind inclination angles

> 10 Hz data

@ SCADA data

> Turbine power output
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Power Curve & Icing eologix
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> Eologix ice level per sensor

Ice levels of each sensor over given period
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Power Curve & Icing eologix
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» Power curve and correspondence to eologix ice levels

IceLevel, ID8030-A-38.0-

IceLevel, ID8045-B-4.0-le IceLevel, ID8057-A-4.0-le
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Measure for early-stage ice (MESI) eolog

> Combination of several features per sensor
> lemperature
> Feature 1. "Activity Feature”, 6 different levels
> Feature 2: “Icing Feature”, 4 different levels

> MESI (per sensor):
> Temperature below 3°C
> Feature 1: member of levels > 4
> Feature 2: member of levels 1,3,4

> MESI (combined for all sensors):
> Early-stage ice detected for more than 50% of sensors
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no ice,T<3°C, ID8030-A-38.0-£S no ice,T<3°C, ID8045 B-4.0-le no ice,T<3°C, ID8057-A-4.0-le
2000 r TP CaEs ‘e 2000 r ) BV e 2000 r R
< 1500 < 1500 < 1500
& o i
c = . £
« 1000 « 1000 r * « 1000 -
(O] [ [
= = =
S 500 g 500 8 500
0 — ‘ - 0 wwema L. : * Qewen?®l - . g6
5 10 15 20 5 10 15 20 5 10 15 20 g5
wind in m/s wind in m/s wind in m/s ” >
no ice,T<3°C, ID8093 C-39 0-ps no ice,T<3°C, IDSOQS B-39.0-ps no ice,T<3°C, IDB106 C-38.0-ps 3
2000 r T 2000 r o - 2000 r * “;‘x R g3 “5,'_3
L] . IW.: gz
< 1500 < 1500 < 1500 R
- 4 &~ 23 . g1
c £ £ >
i 1000 i 1000 s 1000
= = d = d
2 500 8 500+ 8 500+
0 ' ‘ : 0 : : : e 0 : ' —
5 10 15 20 5 10 15 20 5 10 15 20
wind in m/s wind in m/s wind in m/s

14-Apr=22 © eologix sensor technology gmbh 2022 11



Measure for early-stage ice (MESI)

> Feature /
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> MESI per sensor
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Results

> Overall MES]

>
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Farly-stage ice detected for
more than 50% of sensors
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sensor technology

Power Curve & Icing eologix

» Power curve with SCADA data and iSpin wind measurements

Power curve - iSpin wind data Power curve - fit & boundaries
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Results

> Detect deviations from the power curve

Power curve limit
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Power deviation

all
power loss
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Production losses for a test turbine in France:
= 3 months (01/12/2020 — 28/02/2021)
= |ocation in southern France
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> Combination of eologix ice measurements, iSpin wind measurements and SCADA power data
> MESI developed based on eologix ice and temperature measurements on the blades

> Analysis of power curves under icing conditions

> Production losses due to early-stage ice detected on an operational turbine

Benefits of MESI:

+ Detect early-stage ice

+ Optimise blade heating

+ Prevent production loss

+ Prevent foreseeable standstills

+ Distinguish between icing and other causes (e.g. blade damage, mismatch of turbine settings etc.)



ANY QUESTIONS?

Get in touch with us.
We are here for you.

office@eologix.com

+43 316 931215 100

Kratkystrasse 2, 8020 Graz
Osterreich




