uuuuuuuuuuuuuu

IceRisk

i
&
:
LN\
07 !
ER

/ S
KJELLER

lceRiIsk
Forecast system for operational wind farms

Rolv Erlend Bredesen
rolv.bredesen@vindteknikk.no

Winterwind, Are &
February 8, 2016 9 Statkraft


mailto:rolv.bredesen@vindteknikk.no
mailto:rolv.bredesen@vindteknikk.no




Forecasts of safetyzones: when, where, and
how much ice can be thrown in your wind farm
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* Detailed description of IceRisk methodology in IWAIS 2015 article:

* Bredesen, R.E., Refsum, H.A., 2015. Methods for evaluating risk caused by ice
throw and ice fall from wind turbines and other tall structures. Kjeller Vindteknikk,
NO (38). IWAIS 2015. 16th International workshop on atmospheric icing of
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structures. ISBN 978-91-637-8552-8. Uppsala, Sweden, June 28 - July 3 2015.
WWW.iwais.org
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lce warning system

ecision support system - IceRisk

* 48 hour forecasts issued 4 x daily with WRF4km
* Meteogram with ice accretion and removal
* Maps of risk zones
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Stamasen wind farm (Statkraft)

* |ceRisk warning system In operation
* Ongoing validation and improvements

?D Statkraft
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Furthest expected icethrow at Stamasen

Impact Kinetic Energy (40-800 [J]) of
Icethrow from blade 22.1 cm icecube
(rho: 850, A/M: 0.008, M: 9123 g)

Impact Kinetic Energy (40-800 [J]) of
Icethrow from blade 7.5 cm icecube
(rho: 500, A/M: 0.040, M: 210 g)
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Large ice pieces can be thrown
ar to the side during 4 m/s winds

Impact Kinetic Energy (40-800 []]) of
Icethrow from blade 7.5 cm icecube

Safety rule

(rho: 500, A/M: 0.040, M: 210 g)
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Impact Kinetic Energy (40-800 []]) of
Icethrow from blade 22.1 cm icecube
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w
-....
L
o

SWT23, H=115, D=113
., = Wind turbine
TURA T e wst 4,00, rpm: 6.7 ||

L] .
h.. ..‘
ny H -
LT ann®
"Eammmunsn®

B v
= 0 =
> 2
>
2
o
s
=100 1
]
¥
»y
'
.
_200_‘... IR
300k e JELLER:
. . e * . .
; PP ‘ ; ; ;
0 50 100 150 200 250 300 350

x [m]



Risk zones tuesday morning
(12 hour perlod)
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Forecasts are made available
through the KVT Database

* Tailor-made access interface:
Automated emails, FTP, app engine etc.

B Kjeller Vindteknikk AS * e
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Ensemble with temperature
perturbations &= 1 °

. Observations, forecast 1 degree warmer 1 degree colder
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Uncertainty Is reduced by redundancy

* Here, real-time SCADA data supports the
trustworthyness of the windfarm forecasts

* rpm, temperature, nacelle wind, turbine yaw
directions etc.
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IceRisk warning system - Telecom mast

Example system where warning decisions are made
together with owner of mast.

e 209 m telecom mast in Oslo

Mast and guys
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Warning decisions are
supported by temperature
measurements and online
camera system
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Forecasted risk zone for ice shed
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Model validation

30 cm craters
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IceRisk warning system >

* Decision support system
* Met forecasts, live IceRisk maps
* SCADA-data
* Cameras

* Automatic system

* Measurements

* Uncertainty reduction through
redundancy of information
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