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Safety versus production s

Safety versus Production

What Is the best strategy?




The strategy

...Is site specific and dependant on:

Things you cannot change (easily):
« Icing conditions (frequency, loads)
« Surroundings (distance to houses and roads)

« Authorities (start/stop regulations)

Things you can influence:
« Turbine equipment (ice detection, de-icing)

« Turbine operation mode (stop and restart prodecure)
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Duration of Duration of
IEA ice class meteorological icing instrumental icing
[% of year] [% of year]

Production loss
[9% of AEP]
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A wind turbine with anti-icing system in Finnish Lapland. @ VTT 2012
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Response-options| %| 2| 3| g 3| 2| 2| 2| 8| 2
Population density per km? 130 | 495 | 257 | 229 | 140 | 193 | 102 18 3 23
Not at all

By synoptic consideration
Comparison heated/ unheated anemometer|

Assessment of the icing frequency and intensity of the location
lce Sensor]|

Ice Map
Any other|
Not at all

Empiric formula

Definition of the extent of the danger zone for icefall/ icethrow :
Risk assessment

Any other]

No restrictions

Signpostings

‘Which implications/ restrictions arise for the danger zone? Confirmation for affected private land
Agreement to cdose public roads

Any other]

Yes

Is it allowed to operate the turbines with iced-up blades? Mo

Yes

Automatic restart? No

Not specified

. 5 e 5 - M fact luti i
‘Which requirements are stipulated as to the detection of ice on anufactor solution {ice sensor, power curve}

the turbine

Solution during standstill

Redundant system
Not specified

Do authorities dictate/ prescribe the utilisation of a blade Yes
heating? Mo

Disclaimer: Completeness of the information and data provided in the given cases and evaluations is excluded. Other cases and examples are feasible.
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Risk of Ice-fall in the International Context enel’g1ewerk5tatt

COMELLTING ENGINEERS & ASSOCATION FOR RENEWABLE ENERGY
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Turbine equipment and
operation mode
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lce and «no 1ce» detection 04«

as early as possible » | <lce» detection 5-I-;>
no false alarms! e o e
A
Action:

. « Stop turbine
as short as possible > « Continue operation

« Start de-icing

\ 4
as early as possible —p> «No Ice» detection .T.

Blades are icefree

Action:
* Restart turbine
« Stop de-icing

time
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Ice detection
(power curve)

\

Manual restart
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Visual inspection
(«no ice» detection)

Automatic
turbine stop

Ice melting
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Automatic
turbine stop Automatic
: «no ice» detection
Ice melting
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Wind speed [m/s]

Ice detectio _ :
moower cun{  Reliable technology required for

\ «lce» detection & «No ice» detection T
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pmatic restart

Automatic
turbine stop

tomatic

. _ «No ice» detection
De icing (heating)
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« Option 1: Point measurements at the nacelle
« Option 2: Measurements at the rotor blade

Sveg icing measurements, March 5-8, 2009
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pmm. > Nacelle systems are less accurate
- as they don’t represent rotor blade




«lce» detection options

Nacelle based systems

Environmental conditions (temperature, humidity)
Stop of anemometer or wind vane

Ultrasonic probes

IR reflection

Load cells

- Nacelle conditions do not represent rotor blade
- Big differences in technical maturity

- Inter-comparisons and REX available

- No new systems being developed
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Rotor blade systems

 Operational data (power curve, pitch angle)
Accelerators/Strain Gauges (pitch data required)
Radio Frequency Electromagnetic Fields RFID
Impedance/capacitance sensing technology

- Big differences in technical maturity

- Robust systems available

- Hardly any inter-comparisons or REX available
- New developments

- Low acceptance by authoritites




«NoO ice» detection options

Nacelle

« Temperature above 0° C for xx hours
 Anemometer or wind vane resume operation
 Load cell does not indicate ice anymore

Rotor blade

« QOperational data - requires turbine operation
« Accelerators/Strain Gauges

« Impedance/capacitance

« RFID

- More focus on «no ice» detection required
N - ]
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« The strategy “production vs. safety” is always site specific

« Turbine equipment and control strategy have a lot of
room for improvement (automatic restart)

* Nacelle based ice detection systems are less accurate

 Robust systems for “ice” detection on rotor blade
available, timing can be improved

 “No ice” detection has to be more in focus of
developments

* Nacelle systems not suitable for “no ice” detection

 There is a need for field studies and inter-comparisons of
rotor blade systems
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