Icing — the Dilemma

Detecting icing...
Build-up — react to reality
Conditions — deal with reality

Can we detect the conditions that lead to icing?
Liquid water in atmosphere and sub zero temperatures?

= - Detecting sky condition reveals information about atmosphere =
Clouds = water in the sky
Sub zero temperature = freezing
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Evolution of an Icing Event
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Icing Condition Detection

Detecting Clouds by Ceilometer = |ullciieRell
« Proven lidar technology
 Cloud information
* Cloud base
* Cloud backscatter
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profile and intensity
* In-cloud visibility
Options for Temperature _
« Nacelle measurement o

 Ground measurement
 Numeric weather model
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Information from Ceilometer System

CL31 Fimco 03.04.2016 Log Colorscale 0.2 -400.0°10°° m™ sr”' (attenuated backscatter) -

Signals from
different
types of

particles (ice
crystals,

water
droplets, etc)
at height
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In-cloud Visibility, Air temperature and Relative Humidity at ground level
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Method Evaluation in 2014 — 2016

= How does the method compare against in-situ icing detection?

A — Finland Vaisala CL31 Heated/non-heated anemometers Cloud base height <100m +
[@100m] ground temperature <0°C

B1—Germany Leosphere WindCube Heated/non-heated anemometers Backscatter signal strength + >20% deviation on wind speed +
[@190m] ground temperature temperature <0°C

B2 - Germany = CHM15K Ceilometer Heated/non-heated anemometers Cloud base height <190m +
[@190m] ground temperature <0°C

C — Norway Leosphere WindCube Combitech ice detector [@90m] Backscatter signal strength + Ice mass on device > 50g/m

ground temperature S
D1 - Finland Leosphere WindCube Turbine SCADA Backscatter signal strength +

ground temperature
Production loss below site

specific P10 value >30 min
D2 - Finland Vaisala CL31 Turbine SCADA Cloud base height <100m +

ground temperature <0°C
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Results from the

Evaluation

Instrument Data Yield

Icing Alarm Match
Icing alarms by source at site A
= ceilo 100m alarm [524.0] . instrumental icing alarm [2192]

.. - -

Height Ceilometer Ceilometer Wind LIDAR Wind LIDAR
[m] availability availability availability availability
during icing during icing
Site A 100 98 % 99 % - -
Site B 140 99 % 99% 57 % 68.3 %
Site C a0 - - 553 % 58.1 %
Site D 100 100 % - 80 % -

icing alarms by source at site B

- lidar alarm [990]

- ceilo 190m Alarm [1882.0] - Instr ice alarm 190m [2292]J

IEA Icing Classification Fit

Meteorological icing
from Ceilometer

Site Meteorological icing

from wind LIDAR

Instrumental icing

[% of time]

[% of time] [% of time]

Icing alarms by source at site C
« icemonitor alarm [3513.0] |

Icing alarms by source at site D
« ceilo 100m alarm [131.0] « lidar alarm [152”
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rotor icing alarm [963]




Conclusions

Method Proven for Site Classification

* Robust observation methodology
« Good match with IEA classification

Cloud Information Not Fully Utilized

* Full swept area detection

* Cloud backscatter profile and intensity
* In-cloud visibility

Temperature sensitivity not quantified
» Information source / location
~* Alarm threshold
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