(‘ WindREN AB

iea wind

Swedish cold climate wind energy projects

Goran Ronsten, WindREN

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



(Q WindREN AB
iea wind A major challenge - icing of rotor blades

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



iea wind

Missing icing
data L

The Big
Picture

N e
e
Permissions D"‘enu\le"

ainten

> Legal
Fatnguej [wn gid o
loading? rations

Prod. losses,
Danger? actual &
forecasted?

[ Repair?

Swedish cold climate wind energy projects, Géran Ronsten

WindREN AB

Erowurve PV

Red
areas

need ]
attention

:

7

!

Iy
i
Y,

e
8 8

%5

Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



<

WindREN AB

Shares of RE, 2005 and 2020
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Statistics, March 2010
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Installerad effekt (MW) 1063
Antal verk (st) 1070
Rapporterade denna manad (st) 924
Elproduktion
2008 (MWh) 1680 427
2009 (MWh) 1779997
2010 (MWh) 471 436
Rapporterat denna manad (MWh) 168 021
Medeleffekt denna manad (MW) 226
Vindens energiinnehall

Manaden jamfért med samma

manad tidigare ar 102 %

Aret hittills jamfért med samma

period under tidigare ar 82 %

Senaste 12 manaderna jamfort

med samma period under tidiga 94 %




Vindkraftverk

mars 2010

Internetadress: http://www_vindstat.nu . -
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Vindkraftprojekt > 10 MW i Sverige, januari 2010

‘ Med alla tillstand/under byggnad ‘ Under byggnad/I drift

‘ Under byggnad ‘ | drift

1. Uljabuouda, 10 verk, 30 MW
2. Dragaliden, 12 verk, 24 MW
4. Gabrielsberaet. 40 verk. 80 MW

In operation or under construction

T DMITUN, 1£ VEIR, U VIVY
8. Havsnis, 48 verk, 95,4 MW

26. Brunsmo, 5 verk, 13 MW “ 9. Hedbodberget 1, 9 verk, 18 MW

30. Stor-Rotliden, 40 verk, 78 MW 2 10. Salitradberget, 8 verk, 16 MW

18. Ratan-Digerberget, 5 verk, 10 MW

32. Toftedalsfjallet, 21 verk, 48 MW 21 « 11. Fjallberget/Saxberget,17 verk, 34 MW
33, Ostra Herrestad, 8 verk, 16 MW ‘ 12. Gasslingegrund, 10 verk, 30 MW
5 14. Oxhult, 12 verk, 24 MW

36. Brahehus, 9 verk, 18 MW ‘ 30‘ 15. Lillgrund, 48 verk, 110 MW
37. Toftedalsfjallet, 10 verk, 21 MW 35‘ 16. Hud, 6 verk, 15 MW
38. Kyrkberget, 10 verk, 23 MW 8‘ . 6‘ 19. Rodbergsfijallet, 8 verk, 16 MW
39. Tavelberget, 5 verk, 10 MW 7‘ ‘ z: :éc":(a' 5tve5rk. 1: T:VMW

. Hornberget, 5 verk,

40. Froslida (Hylte), 6 verk 15 MW 22. Silkomhjden, 6 verk, 12 MW

23. Sotared, 5 verk, 10 MW

24. Hogberget,, 5 verk, 10 MW
‘ 25. Rabeldf, 5 verk, 10MW

27.Utgrunden 1, 7 verk, 10 MW

41. Kélleberg, 5 verk, 10 MW
18
42. Vettasen/Finnbergen, 8 verk, 16 MWI7 ' ‘

43. Gardlosa, 6 verk 12 MW

38 28. Yttre Stengrun
0o , 5 verk, 10 MW
31. Lundabukten, 16 verk, 16 MW
34. Stora Istad, 5 verk, 10 MW

565 MW = 44%

Vindkraftprojekt > 10 MW i Sverige, januari 2010

&) Med alla tillstand/godkand anmalan
W Tillstand for park, ej for elanslutning

1. Ryd/Rénnerum, 5 verk, 10 MW 16. Hogtjarnsklack, 7 verk, 14 MW

20 17. Korpfjallet, 12 verk, 36 MW

2. Toftedalsfjéllet, 4 verk, 10 MW ‘
18. Sundbyholm, 10 verk, 20 MW
3. Hakarp, 8 verk, 16 MW . . .

Permissions granted (# excl. offshore)

6. Massingberget, 10 verk, 25 MW - QR s gL &y YL

23. Storliden, 8 verk, 25 MW
7. Torserud, 12 verk, 36 MW 15 .
= 24.Stengardsholma, 11 verk, 22 MW
8. Arjang NV, 9 verk, 22,5 MW
9. Granberg, 5 verk, 10 MW
10. Tolvmanstegen, 24 verk, 48 MW
11. Stora Middelgrund, 108 verk, 540 MW

12. Kriegers flak, 128 verk, 640 MW

530 MW

60%

13. Trolleboda, 30 verk, 150 MW

14. Utgrunden II, 21 verk, 90 MW

15. Jokkmokksliden, 10 verk, 25 MW

)
395
17

19 35. Granberget, 6 verk, 12 MW
v ﬂ Eovs!avnken, g ver!, “g MW
2 45. Skarhult, 8 verk, 10,4 MW

720 MW = 56%

o
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» 500 WT in operation or under
construction in Swedish reindeer
country, many more planned

iea wind
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Version 2010-02-16

Karta over vindkraftsprojekt inom renskotselomradet VindRen

Teckenforklaring Svensk
' s . o e Vindenergi
A Vindkraftverk med tillstand eller anméalningsbeslut, annu ej i drift M Delat betesomrade &
A Vindkraftsverk i drift || sedvaneland
= = = Odlingsgransen Aretruntland
Lappmarksgransen Koncessionsomrade

Lappmarks- och Odlingsgrans Vinterbetesomrade

Vagar

Faststélld samebygréns

Lénsgréns

Vindkraftspark, projektér och antal verk

Vindkraftsverk i drift
1.Viscaria, Vindkompaniet i Hemse AB, Bst
3. Suorva, SuorvaVind AB, 1t
4. Aapua, Vindkompaniet Svenska AB, 7st
7. Axelsvik, Kalix vindkraft AB, 3st
9 Seskard, Denitia AB, 5st
Goran Eriksson maskintjanst AB, 2st
12 Dragaliden, Svevind, 12st
13. Pitholmen, Kjell Wermer Jensen, 2st
14. Bondon, Global Green Energy, 18st
18. Hornberget, Jamtkraft, 5st
19. Kiimpfjall, Vindkompaniet, 3st
20. Skarvsjoby, VindGruppen Sverige AB, 1st
21. Burea, Enercon/NordanVind vindkraft, 3st
22. Bliekevare, Vindkompaniet i Mirbylanga AB, 18st
23. Bodberget, Rothman Vind AB och Vindgruppen, 3st
24. Granberget, Stefan Widén AB, 11t
28. Storrun, DONG Energy, 12st
30. Grasjon, Kallbygdens vind ek. for, 5st
31. Holmsund, KvarkenVind, 3st
32 Vallrun, Vindgruppen, 1st
33. Hornefors, Umea energi, 11st
38. Hallingama, Vindkompaniet i Mérbylanga AB, 1st
39. Almésa, Jamtratt, 1st
41. Jarnas, NordanVind vindkraft, 1st
43. Rashon, Vindkompaniet i Hemse AB, 8st
45, Fanbyn 1, Vattenfall Power Consultant, 8st
46. Norrvage, Ullvind, Norrvind ek, for, 2st
47. Skagsudde, st
49. Homéberget, Property Dynamics, 1st

=\
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50. Bjémskallen, Vindgruppen, 1st 4 \; ”
52. Dalomsberget, Harnd vind ek. for, 1st £ 21.
53. Mockelsjoberget, NordanVind vindkraft, Sst {
56. KIafson, Hemso motvind KB, 2st
Robertsfors

N
s

. Stakke

21. Maskaure

. Ostra Kikkejaure
. Véstra Kikkejaure

65. Brickan, Vindkompaniet, 1st
66. Hacksta, Ume4 energi, 5st

Stromsund

N
N

30

58. Vardkasberget 1, HEMAB, 1st
59. Langavalen, Agrivind AB, 7st
61. Rodovalen, Agrivind, Bst
62. Digerberget, Vindkompaniet i Hemse AB och Wallenstam AB, 6st 4
63. Trarike, Trarike vindkraft ek. for, 1st y
A

A

N
8

Vindkraftverk med tillstand eller

24. Mausjaur
anmalningsbeslut, dnnu ej i drift ya 25, Muonio
2. Sjisika, 02 Vindkompaniet AB, 30st L 26, Sattajani
6. Ujabuouda, Skelleftea Kraft, 12st
8. Ranekolen, Vindkompaniet, st 1 A‘s Omsko\dsvwk 27. Tarendd
11. Bréndon, Stefan Ottestig 1st olleftea 28. Kalix
15. Jokkmokksliden, Skelleftea Kraft, 10st 29, Pirtti
16. Stor-Blaiken, Skelleftea kraft, 100st 30. Lieh
17. Storliden, Skelleftea Krat, 8st oS
25, Stor-Rotliden, Vattenfall Vindraft Sverige AB, 40st 31. Angesa
27. Havsnas, NV Nordisk Vindkraft AB, 48st Samebyar 33. Korju
29, Betasberget, Eolus Vind AB, 2st Ange 1. Kénkéama 40. Vilhelmina sédra
EEIEmITE Hlanoners s
i N .
48. Kommerberget, Triventus, 1st 3. Saarivuoma 42. Ubmeje
51. Digerberget, Wallenstam AB/RDH vind, 5st - 3 4. Talma 43. Vapsten
55. Skuruberget, NordanVind vindkraft, 5st 5.Gabna 44.Ran
57. Middagsberget, Wallenstam AB, 3st 6. Laevas 45. Gran
60. Stentjarnasen, Wallenstam AB, 5st Ljusdal 7. Girjas 46, Mala
i 8. Baste 50. Frostviken Norra
9. Sorkaitum 51. Ohredahke
\ 10. Sirges 52. Raedtievaerie
hS Bollnés 11. Jahkagaska 53. Jiingevaerie
/ 12. Tuorpon 54. Jovnevaerie
13. Luokta-Mavas 55. Njaarke
14. Semisjaur-Njarg  56. Kall
15. Svaipa 57. Handdlsdalen
. 2 16. Vittangi 58. Tassasen
Skala 1:3 000 000 il 17. Galivare 59. Mittadalen
O D Svargetaran Bonings 18. Sierti 60. Ruvhten
© Lanimateret MS2006108334 19. Udtia 1. Idre

Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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ieawind Planned large projects

March 2009

30 of 54 TWh large
scale wind energy
projects are planned
to be deployed in
Sweden’s cold climate
region (North)

DN - 2009-03-12

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



Planning frame for wind energy in Sweden until 2020

Annual German & Swedish wind energy & Swedish and Finnish nuclear production
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WIND ENERGY IN COLD CLIMATES

fndo

About the project: IEA Wind R,D&D Task 19 Information (TO BE
UPDATED...):
= Objectives of the project This is the home page of an International Energy Agency collaboration called
W Participants Wind Energy in Cold Climates, under R,D&D Wind htip://IEAwind.org The B Publications
B Project's extranet pages purpose of this project is to gather and provide information about wind turbine ® Operational
Restricted access icing and low temperature operation. Experience
B Technical solutions in
The new 2009 version of State-of-the-art of wind energy in cold climates use
(pdf) is available. The report produced within the Task 19 summarises existing B Measurements &
experiences in wind energy production in cold climates. Instruments
B Knowledge on climatic
Also the new version of Recommendations for wind energy developers in conditions and
cold climates (pdf) is available. The recommendations included in the report resources

are intended to guide wind energy developers to a position where uncertainties
related to cold climate issues are reduced to a minimum.

Wind turbines operating in cold or icing climate worldwide

Wind Turbine at Aapua-fjell
Sweden. Photo by Kent Larsson,
ABvee.

Links:

B Measuring and forecasting
atmospheric icing: COST 727

B Conference: Winterwind 2008
- Wind Energy in Cold Climate
(Norrképing, Sweden)

® |nternational Workshop on
Atmospheric Icing on
Structures: WAIS and

.......... =& NAIA IS AN

Control anemometer and
wind vane at Olostunturi-fiell

Finland

B Send us information
about icing and low

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



WindREN AB
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iea wind Denmark, China & Spain are not involved in IEA Task 19

Globalmarketshare, 2009 (TOP 15)
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GE r——————
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Goldwind _ row | ]
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—
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Others

I 1 | I | I

0% 2% 4% 6% 8% 10% 12% 14% 16%

Source: MAKE Consulting
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IWAIS 2009 - Summary of Cold Climate Wind Energy Presentations
Goéran Ronsten, WindREN

IWAIS 2009

International Workshop on
Atmospheric Icing of Structures

Final Workshop of COST Action 727

o Andermatt, Switzerland
UV September 8 to 11, 2009

Swedish
VATTENFALL ___ Energy Agency

a—



Thanks to the presenters, members of COST 727, the COST office,
Vattenfall Power Consultant & The Swedish Energy Agency!

The work of COST Action 727
is carried out in two Working Groups

WG2: Measurements and data collection on icing

The work carried out in Phase 1 (2004-2006) is pre-
sented in a report containing a survey of icing detec-
tors and other ing principl pplicable both
for the initial stages of icing as well as for accumu-
lated ice loads. A survey is also provided on histori-
cal ice measurement programs in Europe, and more
briefly in Canada and Russia. References are made
to tests of anemometers and other meteorological
instruments whose sensitivity is influenced by ice ac-
cretion. The report can be downloaded from www.
cost727.org.

In Phase 2 (2007-2009) WG2 is involved in meas-
urement programs on selected sites in Europe. On
the Gltsch test site (CH) a comprehensive program

The participants of COST Action 727
come from 13 different countries

Signatories: Austria, Bulgaria,Czech Republic, Finland,
Germany, Hungary, Norway, Slovakia, Spain, Sweden,

Switzerland and UK. Non-European member: Japan

Executive members of COST 727

Chairman Alain Heimo CH
Vice-chairman Dimitar Nikolov BG
Vice-chairman Bengt Tammelin Fl
WG1 Chairman Lasse Makkonen Fl
WG1 Vice-chairman  Jiri Hosek cZ
WG2 Chairman Svein Fikke NO
WG2 Vice-chairman  Goran Ronsten SE
Action Secretary Jirl Hosek cz
Home page www.cost727.org

Sci Officer: Carine Petit, ESSEM (Earth System

is performed for inter- parison of ice detectors
and meteorological instruments. The Luosto site (FI)
and Deadwater Fell (UK) are important for providing
data for modelling icing events by using atmospheric
weather forecasting models. Mast measurements of
icing versus elevation are particularly important for
the development of wind energy will be carried out at
Sveg (SE). Tests will also take place in Studnice (CZ)
and Zinnwald (DE). Actions are taken to promote at-
mospheric icing as a meteorological parameter in ap-
propriate WMO guideli and to rece d along

term program for monitoring of atmospheric icing in
Europe.

VATTENFALL

—

Science & Environmental Management), COST Office
149 Avenue Louise, Brussels 1050, Belgium

tel: 32 (0)2 533 38 31, fax: 32 (0)2 533 38 90
email: cpetit@cost.esf.org

web: http:/f'www.cost.esf.org/

Figure below: Annual maximum ice loadings at
Studnice (CZ) from 1940 to 2005.

Maxiraus ice losd (ko]

ccoskE

Measuring and Forecasting

Atmospheric Icing on Structures
- COST Action 727 -

Participating
countries

* Austria

* Bulgaria

» Czech Republic

* Finland

« Germany

* Hungary

* [celand

* Norway

» Slovakia

* Spain

« Sweden

* Switzerland

« UK

« Japan

Swedish
Energy Agency



. T.Laakso Wind Energy in Cold Climates IEA

Task 19 - Outlook 2010

. D.OHern Development of an Electrothermal

Ice Protection System for Wind
Turbine Applications

. A ion of O i Data in
respect to Production Losses due
to leing

. @. Byrkjedal Estimating wind power production

loss due to icing

T Bl Frequency distribution with wind speed

. L. Fuchs Ice accretion on wind-turbines

. S.Barber The effect of ice shapes on wind

. H.Gedda Development of an Electro

turbine performance and
aerodynamic behaviour

Thermal Wind Turbine Ice

Protection 1 2 m

B Total number of hours
I Hours with icing

1000

N
Height [m]

go # 8 8 8 & § 8 § ¥ %

-

° g i i

3
UTM Easting [m]

800

600

400

Number of hours pr year

200
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Frequency of icing events defined by IceMonitor at site B

0.09 I | T | 1 i
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0.07}---- (.- i | | ‘

0.06
0.05

0.04

Measuring routines of ice accretion for
Wind Turbine applications
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P WindREN AB

Ilcing measyrements in Aapué
on a Vestag V82

The present situation in Sweden



WindREN AB
ieawind Aapua wind farm iced up, ice load and intensity

Aapua, 2010-01-24 00:00 - 2010-01-27 00:10
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WindREN AB

ieagmd Aapua wind farm iced up, 2009-01-27 00:08
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WindREN AB

iea wind
>25% wintertime energy production losses, V82-1.5

1500
1000
500

Aapua 1,2, ...,2005-2009, P versus WS, summer
P [kW] versus WS [m/s], winter

Median power [KW], summer s

Median power [kW], winter

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



iea wind

WindREN AB

Ny Teknlk Feb 6 2008 idat alla 1 ‘Ff"?'-fl NRG » 6 FEBRUARI 2008 + NY TEKNIK B
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skon ar Risnlngen. Taiﬂoma fﬁrbi&ds pé ménga stéllan sedan de visat : : 2 Z | B .
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Medicinteknisk utrustning klarar inte mer én 8 000 volt. T ! |

a metoder: tunr
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Aapua, 2008-03-19




3 WindREN AB

iea wind

Safety distances due to the risc of ice throw (ref: WECO)

Figur 51. Rekommenderat R .
riskavstand for iskast nar H
vindkraftverket ar igang. d — ( D + ) e 1 . 5 Otatl ng

Kalla: WECO och DEWI.

58 (80)

Figur 52. Rekommenderat

riskavstand for iskast nar
vindkraftverket star stilla. +
Kalla: WECO och DEWI. ' V

Standstill

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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iea wind

WindREN AB

Lérdag 29 december 2007 LUDVIKA 5

Det fruk irda jjudet fran vind rorna firorsakar stort lidande i de boende i Ortjirn Katrin Karksson, hiir med sin man Janne Furunds och bamen Emilia
och Elina, tr&der nu fram och ger numiljiiproblemet ett ansikte. FOTO: FREDRIK LARSSOM

"Man blir vansinnig”

- Ortjarnsbor svart storda av vindkraftverken

Swedish cold climate wind energy projects, Géran Ronsten Ice & R

— Jag vill pasta att
det varsta ljudet
kommer néar det
varit tovader och
sedan slar om till
kallt. Klara natter
verkar det vara
som om ljudet gar
fram lattare.”
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iea wind

WindREN AB
IEA Task 19 targets 1-3

1. To collect information on ice mapping and produce and verify ice
maps for selected areas in order to ease and support the early phases of
project development.

Yes: Uppsala Universities and SMHI's combined project and the
Swedish Energy Agency’s wind pilot projects.

2. To collect information and experiences related to icing forecasts
with numerical weather models. This topic is expected to become more

and more important as it also affects wind forecasts in cold climate
regions.
Yes: Same as 1. -I

3. Find new solutions and thus improve the available methods for
resource assessment and turbine operation at cold climate sites. Power
supply, sensor options and detection of ice are focus areas.

Yes: IGUS, Insensys, CMS towards RMS-system.

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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eawind |cing data covering Sweden, results will not be presented for free
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An increase in horizontal resolution has a profound effect on
the vertical structure of the simulated boundary layer.

Cloud water (g kg™') at 17 UTC, 4-km grid Cloud water (g kg™') at 17 UTC, 1.33-km grid
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Longitude Longitude

Interesting to see is the presence of near-surface clouds in the 1.33-km grid while the clouds in
4-km grid are found at higher altitudes. Note in particular the high values of cloud water on
the windward side of Aapua and at the top of the hill seen in the 1.33-km grid.

WeatherTech http:/winterwind se/Winterwind2008/P03_Weathertech_UU_Winterwind_2008 pdf 9 ( 11 )
&4
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iea wind

EcOTEMP®

¥i ENERCON

WindREN AB
IEA Task 19 targets 4-6

4. Follow and collect up to date information from the current state of
anti- and de-icing and coating solutions that are already available on
the market or currently being developed. |

Yes: many different products under test. -

5. Review the current standards and recommendations from the cold
climate point of view and identify the possible needs for updates.
Yes: GL has been contacted. Work is on-going.

6. Find and recommend improved methods to estimate the effects
of ice on production and thus reduce the amount of incorrect estimates
and the risks that are involved in cold climate wind energy projects
currently. Verify the method on the basis of data from national projects
according to the possibilities.

No: We’re currently lacking competence to follow up on the experience
gained by Staffan Meijer.

2MW

0 0.5 1 15

. ViITr
—

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



o predict, detect and remove icing
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WindREN AB

Swedish cold climate wind energy projects, Géran Ronsten

Market share

Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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WindREN AB

De-/anti-icing systems
Black blades - Not sufficient in low solar radiation conditions

WindWind/Skelleftea Kraft - A developed JE-system, same as
previously used on some 20 Bonus turbines (225 kW-1 MW)?
Carbon fibre layer beneath the gelcoat.

Enercon/Svevind - Hot air based de-icing system. Official list price:
20 kEuro for 3 fans (20 kW). Will test de-icing during operation at
Dragaliden and Silkomhojden.

Nordex/LM/Dong Energy - Hydrophobic coatings and control system
development to avoid ice build up.

EcoTEMP/02VK/Vestas - Foil based anti-icing system
Kelly/MW-Innovation/02VK/Vestas - Foil based anti-icing system

Goodrich - Foil based anti-icing system, yet to be deployed?

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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iea wind

Forces &
Dynamics

cccccccccc

Ice throw

Reports,
dissemi-
nation

WindREN AB
IEA Task 19 targets 7-10

7. Clarify the significance of extra loading that ice and cold climate
induce on wind turbine components and disseminate that result.
Yes: At least one of the wind pilot projects (02 Vindkompaniet) contains

work in this field.

8. Initiate a market survey for cold climate wind technology,
including wind farms, remote grid systems and stand-alone systems.
No: The work has been ongoing without success since 2002. How to

“make MAKE and BTM interested in this market segment?

9. Improve the understanding of the risks and the mitigation
strategies for the problem of ice throw from wind turbines at cold
climate sites.

No: No new work currently planned or available.

10. Update state-of-the-art report and update the expert group
study on applying wind energy in cold climates to guidelines. -I
Yes: These tasks are planned to be carried out.

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



Wind pilot projects: 70 Meuro/10years

From offshore to cold climate and forests

«




WindREN AB
iea wind Sweden, funding has been granted for the following

cold climate projects [kSEK]

Mapping of Icing, Uppsala University, 2009-2012 8 000
Skelleftea Kraft - Anti-icing, 2007-2011 35 000
02 Vindkompaniet - icing meas., anti-icing, 2008-2012 72 500
Svevind - 2 cold climate sites, investment subsidy, 2009- 115 000
Dong Energy - orography, coating and control, 2009- 26 000
Nordisk Vindkraft - Havsnas, icing, foundation, 2009- 20 000
IEA Task 19 - Wind Energy in Cold Climates, 2009-2012 800

Total: 29.3 MEuro, 27.7 MEuro excl. forest and reindeer 293 000
* not including work in kind, 1 Euro = 10 SEK

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



Anti-icing (40 WT) and icing measurements (8 sites),
Bliekevare & Sjisjka, 2008-2012, R&D: 7.2 MEuro

bt .
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Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



International support for 02 Vindkompaniet’s wind pilot project

Swedish iea wind
Energy Agency

CCMBITECH ///////
‘2 IN SiTU
'VINDKOMPANIET I * I

KlAERospac: mmVesfasassss EcOTEMPC

Thermal Systems

el -
"0... N'\':'. National Renewable Energy Laboratory

Innovation for Our Energy Future

I ’ Ressources naturelles Natural Resources
Canada

Swedish cold climate wind energy projects, Géran Ronsten Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010
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WindREN AB

Installation

o

iea wind Sveg mast
Measurements

ﬁ Measurements started
February 2008
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ieawind Unique measurements of icing versus height

Sveg icing measurements, March 5-8, 2009
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iea wind

Equipment used on WT

Ice detector, ice load, met sensor

Swedish cold climate wind energy projects, Géran Ronsten

WindREN AB
& in the masts (14 stations)

Visibility

Camera
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VINDKOMPANIET
Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



WindREN AB
iea wind Examples of photos taken on March 25 after 21:00 in SVEG at h=70m & 155m
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* An icing period on May 1st 2010, 00:00-12:00, in SVEG at h=70 m

iea wind

=0
=00
ASo
=R le]

=t =]

OO
==
SO
=250
=00
ASOo
=R le)

==

——

WindREN AB

Svegrmast 70 m. 2010 0SS O1 OO0 00 — 20 10 0O0sS—OoO1 1200

B | _ - Small negative ice load - >

H
= = = = = = = = = = = =
= — = = = = — = = = = =
= = = = = = = = = = = =
—_— AGr cdeww point (TS —_— A e (T —— WWiIind speemaecad 10 i (s
—— o= losadd (MNewwitor )
Svegrrmast 70 m, 20 10 0O0S—O1 OO0 00 — 20 100501 1=-00
3 | detecti
- 2 2 2 2 2
= = = = = = = = = = = =
= == — = = = — — — == = =
= = = = = = = = = = = =
|—.— o= indication (s) I
Svegrmast 70O mm, 20 10 O0OsSs—oOoO 1 OO0 OO0 — 20 10-OsS—O1 1=-00
= =< e lele}
= — a1soo
E — acoco
E_ =1 SO
E . . mi
= = = — =
= = = = = =
——— o= imndic=ation (s» —— Wisibility =W (s —a— isibility iy )
—— Wisibility misas< (rmy wisibility stcd Crm

@2 comeiTECH @

VINDKOMPANIET

Swedish cold climate wind energy projects, Géran Ronsten

Ice & Rocks lll, Zadar, Croatia, May 5 & 6, 2010



WindREN AB

An icing period on May 1st 2010, 00:00-06:00, in SVEG at h=155 m
iea wind
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Uljabuouda, anti-icing (10 WT), 2009 & 2010, R&D: 3.5 MEuro

Kiaft2  (winwino 74
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Anti-icing experiences from Uljabuouda

Description:

« Situated in the Lapland Sweden at a low mountain
about 780 meters above sea level.

* Consists of 4, installed 2009 (6 to be installed 2010), 3
MW wind turbines with anti-icing system installed.

» Severe icing conditions at the site, several met mast
failures due to high ice loads.

The anti-icing equipment consists of coal-fibre heating
elements at the leading edge of the blade.

Electrical heating elements
- selected blade areas heated

Kraftl2



(‘ WindREN AB

iea wind
Anti-icing experiences from Uljabuouda

Preliminary production results with respect of ice accretion:

* The anti-icing system seems to work well, a preliminary estimation of the losses due
to icing is ~56% of the production during the winter months.

« Compare this to a wind park without anti-icing equipment, e.g. Aapua in Sweden

(Goran Ronsten Elforsk report 09:59), where losses up to ~30% has been reported.

Power curve from Uljabuouda. Power curve from Aapua.

Power curve from Ujabuouda
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Storrun-Ilcing of WT 2009-, R&D: 2.6 MEuro

« Background
— Significant icing conditions expected at Storrun

— Causes reduction of production, increased loads and raises
safety issues

— DONG Energy is involved in R&D project in Norway

* Project description
— Establish base line — Determine extent of icing problems
— Calculate and validate estimates of production loss
— Optimisation of start-stop algorithms
— Testing of anti-icing coating D 0 N G
— Model loads on structures energy

* Results

— Improved adjustment for icing losses in production
estimates

— Reduced production loss due to start-stop hysteresis
— Practical use of results from basic research

 Partners:
i M
— LM Gilasfiber
NORDEX
—_ Nordex g We've got the power. LM

— Possible coordination to other projects e.g. Uljabuouda and
Narvik
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(’ WindREN AB

Missing icing

iea wind The Blg data

Conclusions with respect to icing

« We’ve got started!

* ltems in red need attention

* Relevant icing measurements at
relevant heights for model
verification of wind turbine specific
icing do not yet exist
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De-/anti-icing required for
profitable operation

» Site specific modelling verification
studies needed - to be followed by
regional icing studies at 1 km
resolution

» Detailed national mapping of icing is
not yet a meaningful task
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« Commercial de-/anti-icing systems
not yet available for medium and

severe icing conditions m;w
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WindREN AB
iea wind Thanks to the sponsors of IEA RD&D Wind, Task 19!
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<4 Welcome to Winterwind 2011~ WindREN AB
iea wind Umea, Sweden, Feb 9-10

http://winterwind2011.se
‘e Winterwind 2011

Wind energy in low temperature and icing conditions

Welcome to Winterwind 2011!

Programme

Winterwind 2011 is an intemational special-topic conference about wind power in low temperature and icing conditions.
Visitor registration The conference will take place in Ume4, Sweden February 9-10.

Travel This website is under construction. Please visit us later for updated information.

Accommodation Subscribe to our newsletter to receive the latest updates

Sponsorship opportunities

goranronsten@windren.se  ( submit

Exhibition

Procesdings Proceeding from Vintervind 2008,

Links Winterwind 2008 and Vintervind 2010 are
Printable information available at
http://vintervind.se and

http://winterwind.se

vindkraft —.-&
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