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Forecast

Vestas Icing Forecast

Vestas offers a range of forecast services

Production losses per year Hourly icing forecast

PLoss _lcing 25 ~——
am —+— |
@ 20 @m —— T 20
E
2 15 “‘._;‘. s 15
& 10 Poh TR AN it 4
B il /W, A S N e st free
s s I S R YO Y SR YU -t i
‘Qﬂﬁ e T -~ yd
o 0
360 360
7 =a - - g T 315
s 2 7 = e B = =+ 270
§ 2 e et = " . H 25
R 8 L = =!' e 160
5 13 ssimnn 135
B @ a0
ERT 45
[ ] _
Z
b Temperswre30m @ | )
o ...M".o“""' Cloud water mixing ratio —— o 2
1]
@ ol .."l'l. Taing conditons e | 07 2
i sepette I os 2
g 5 L} Lt L] '\-"- - ®es | g g
E & *5agense®™® ®s L 04 g
o .’1. \
8 10 ﬁ \"‘ e, see™" AR TR
) c L o
S il bttt 1|11} NSV S
o
01-14 01-14 01-15 01-15 01-16 01-18 0117 01-17 01-18 01-18
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00
Forecast hour [UTC+-4]
‘Generated on 14-01-14 07236 UTC by Vestas Plant Pefomance and Modeiing.  Infiaization 2014-01-14 00:00:00 UTC
1 2 3 4 5 6 7 8 9

« For investment decision » For operational use
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lcing Scenarios

4 Vestas De-icing System

Conceptual illustration

Understand CC.
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lcing Scenarios

Moderate icing

Understand CC.

Conceptual illustration
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Source: “Wind Energy Projects in Cold Climates”, IEA wind,
May 22, 2012
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Understand CC.

lcing Scenarios

Heavy icing Conceptual illustration
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De-icing System

De-icing when it matters: Production focused trigger concept
Break-even model integrated in de-icing trigger mechanism

Production BREAK EVEN

1,0

0,5
— De-icinginstalled
— No De-icing installed
Production loss
Production gain
0,0

» The break-even point is a setting in the control system, and can be tailored
to the your de-icing strategy through SCADA

« Can be set to trigger at different wind speed

« Easy manually trigger option through SCADA to fit site/your needs
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De-icing System

De-icing where it matters: Full retention of power curve
System performance

1/3 full chord

2/3 of the leading edge —

» Target area is the outer 1/3 of the blade, full
chord & 2/3 of leading edge

» Fast recovery of production - min 90% on
power curve

« Controlled de-icing cycle to reduce ice throw
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Testing

Successfully improved power curve after de-icing
8 m/s and 0°, V112 Blade, Sweden

Blade after de-icing cycle Blade from reference turbine
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VA0 concept demonstrator
De-icing during operation — Week 52; 2014

* Turbine cut-in at 3.5m/s wind speed

» Turbine operating at minimum 90%
power curve

« Canada
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Successfully improved power curve after de-icing
Low wind test 3-4 m/s and 0°
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De-icing System

Vestas De-icing System track record
What is being installed and when can the products be delivered

« 3turbines have been tested in the winter season 2013-2014 (V90+V112)

* In autumn 2014 the first commercial order of 30 V90-3.0 MW’s with de-
icing have been installed in Sweden

« Sofar.... 39 V112 turbines is going to be installed in 2015 with de-icing
which equals to a total track record of 72 De-icing turbines

* Vestas De-icing System is available on V112-3.3 MW, V117-3.3 MW &
V126 3.3 MW
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Vestas Ice Detection (VID)

Designed to reduce safety risk in icy conditions

Why Vestas Ice Detection?

- The VID offers a precise and reliable ice Certified by
detector which reduce the risk of ice throws

« The VID contains an certified integrated
automatic safe operational mode which
shuts down the turbine when the certainty DNV-GL
of ice is high, and allows for turbine restart,
when certainty of ice free blades is

achieved
» Designed to fulfil permits (einde sensor | /7
* Fully integrated in the turbine operation [/

+ Fulfils high level of requirements confirmed __——_ 5;333"7
by a 3 party statement that the ice sensor M
is “state of the art” - Hub @

controller

 Full visibility in SCADA and park level —_——

integration_ @ ifmmlg,
« Available in Q4 2015 as a stand alone g
=\\‘

option on the 3MW product portfolio
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Thank you for your attention

Copyright Notice

The documents are created by Vestas Wind Systems A/S and contain copyrighted material, trademarks, and other proprietary information. All rights reserved. No part of the documents may be reproduced or copied in any form or by any
means - such as graphic, electronic, or mechanical, including photocopying, taping, or information storage and retrieval systems without the prior written permission of Vestas Wind Systems A/S. The use of these documents by you, or
anyone else authorized by you, is prohibited unless specifically permitted by Vestas Wind Systems A/S. You may not alter or remove any trademark, copyright or other notice from the documents. The documents are provided “as is” and
Vestas Wind Systems A/S shall not have any responsibility or liability whatsoever for the results of use of the documents by you.




