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VESTAS ANTI-ICING SYSTEM
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Blades based ice
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Primary concern:

Maximizing AEP
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Introducing

Vestas Anti-icing System™

Efficiently removes ice built-up on blades
during operation to maximise energy
production.

Available for: Delivery
*V136-4.2 MW™ 2019
*V150-4.2 MW™ 2019
* V150-5.6 MW™ 2020
*V162-5.6 MW™ 2021
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Vestas Anti-lcing System™

Where and when it's needed

* Automatic anti-icing modes
adaptive to climatic conditions
for optimising efficiency per
icing event

+ Covering alarge area and
embedded in the laminate
directly below the blade’s
surface, the system has a fast
response time

*  Optional control features to fit
site conditions through SCADA

*  Compatible with Vestas Ice
Detection™

N)Id Climate offeriWring Anti-icing

Turbine
controller
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Vestas

Temperature
sensor
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Control box

Heating
elements

* In-house designed high power
electro-thermal heating
w\elements




WHERE AND WHEN IT'S NEEDED

» Individual powering of heating elements to secure equal power
distribution where it is needed

> Serviceability: Robust system to secure operation even in
unlikely event of failure mode of the elements

> Optimal tradeoff; Close to surface for rapid heating response but
high robustness in transport/handling

» Embedded certified level 1 lightning protection

» Fully integrated into the turbine from design and
production

» Optional control features to fit site conditions
through SCADA
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Vestas Anti-lce System™ Availability

Designed to encompass a wide range of turbine configurations the Vestas Anti-ice system™ designs
apply advanced modularity to meet customisation and market demands more efficiently.

By design — blade surface heating coverage highly adaptable:
- Common component and circuit design/sizing

- Modular hardware integration

- Common software architectures — modular configuration

- Common ice detection system

[llustrative

V136-4.2 MW™ V150-4.2 MW™ V150-5.6 MW™ V162-5.6 MW™
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VESTAS ANTI-ICING SYSTEM ™

5 years of product development to secure high reliability & performance

Vestas Anti-Icing
System™

Ready for serial
production and delivery

Concept Data evaluation

demonstrator Installation & ‘ Prototype WinterWind,

field testing | | Refinement Sweden Functional and
Tested in Sweden ’ i of prototype & { and testing Wi performance
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No stranger to cold climates
Strong track record and rapid growing

* + 17GW installed with Vestas Low
temperature option

+ 3GW with Vestas Ice detection™
+ 1GW with Vestas De-Icing™

+ 0.8GW with Vestas Anti-Ilcing™ (firm order
intake)

3GW

Vestas Cold Climate Solutions are
continuously producing valuable data

» Systematically incorporating into Cold Climate ..,

solutions

0GW

*Above IEA ice class Il
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16 years
Of
experience
in cold
climates
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Country
Finland
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. Canada

014 2015 2016

Vestas






Vestas Anti-Icing System — In Operation

+ 2V136-3.6MW Anti-icing WTGs are installed in
Sweden for field testing ‘19

« The WTGs are fitted with additional instrumentation
for the purposes of monitoring the VAS and
environmental conditions

+ x5 independent meteorological measurement devices

* X2 blade heating based measurement systems

* X1 load based blade mounted ice detection sensor system
* X2 blade imaging systems installed

* In-house designed camera mounting system to permit
observation of each blade at multiple angles and
orientations fitted with IR capability and thermal
imaging
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Vestas Anti-Icing System — Designed for Robustness

* Through the build phase interval checks
are performed to assure quality

« The final build quality is systematically
checked in the factory prior to transit
using a purpose built test box
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CONFIDENTIAL

CERTIFICATION STRATEGY P —— s

DNWV:GL

> Anti-ice System will be verified by issue of a LETTER OF SLAIEVMENIT UF PEASIEILITY

COMPLIANCE to the baseline turbine Type Certificates T
bbesign

> Production Anti-ice System DVPR common with concept VI8 vestan Anticice system

demonstrator verifications Vestas Wind Systems A/&

» Collaboration upfront with DNV-GL in order to generate a R
qualification plan for certification TR S e A R

0:0 D - Cert'f'cate for V126 de monstrator - 0068—0362 E?zs-euﬂu-ognzcesffsc::;::?-uzau3-o Certification Report, dated 2017-05-05

CP-DD-DNVGL-SE-0441-02403-0 Centification Plan, dated 2017-05-05
. . . . DNV Gl rifled the Certification Basis, Technology Assessment, Failure Mode Identification and
RN I h Selart Iification Methods and evaluated the main challenges of the technology as reported in
X erurication p ahn 10r - - -a |g ns wi the Certification Repart. The technology Is feasible and thereby suited for Further development and
certification according to ONVGL-SE-0441 applylng the Certification Plan,

eX | S t | n g S yS t e m D F M EA Changes of the technology are to be approved by DNV GL.

Plate, 2017-05-19 Blaga, 2017-05-18

Far DNV GL Renewables Certification Far DNV GL Renewables Certification

TO4 DOGE-0362 Ver 00 - Aparaved - Exported from DMS: 2016-08-21 by ARWOO
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Tested in Sweden

VI0 ANTI-ICE TURBINE CONCEPT demonstrator
? am7

DEMONSTRATOR TEST o
M5 2016 | l 2B |
» Tested all panels and sensors successfully S o ‘ l
V90-3.0 elopment of V126-3.45 V126-3.45
» Activated multiple panels sequentially at =6% Dfé;:ttgwre;
power, windspeed at 20m/s and -4°C - i
> Tip panels (A, B and C) showed positive e
temperatures when turbine was in stop and idle.
-16.3 -10.4
s 1 2010-01-02 ¢SEy 2010-01-02
06:02 05:34
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Tested in Sweden

ICED V90 ANTI-ICED BLADE demonststor
o

o 5 0 L

Vo0-3.0 Development of V126-3.45 V126-3.45
Mwe prototype, Mwe MwWe

subsystem testing

Prototype
Refinement
and testing

Sweden

> Glotesvalen 7th March 2016

» Ambient temperature -6°C at nacelle height.
Wind speed 7m/s

» Panel H De-iced to Show Ice Shape

Panel H Activated
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VO0 CONCEPT TURBINE TESTING |

Tested in Sweden

? am7 2018

Example icing event
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Vestas Anti-icing System ™

Where and when it matters

« Available on V136-4.2MW, V150-4.2MW, V150-
5.6MW & V162-5.6MW

* Anti-icing mode: maximum power 230-280kW
from WTG’s own energy production — in rotation

* De-icing mode: Nominal power 75-90kW from
grid — in standstill (idle) 30 Minutes

* Environmental conditions for heating system

activation:
« -25°C
e 225m/s

*  90% retention of power production in common
icing conditions*

*Depending on siting and climatic conditions, most common in Ice class 1-3
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