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A major challenge - icing of rotor blades 
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Red 
areas 
need 
attention 
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Statistics, March 2010 
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In operation or under construction 
Permissions granted (# excl. offshore) 

530 MW 

60% 

360 MW 

40% 

565 MW = 44% 

720 MW = 56% 
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  500 WT in operation or under 
construction in Swedish reindeer 
country, many more planned 
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Karta över vindkraftsprojekt inom renskötselområdet

Vindkraftspark, projektör och antal verk

Vindkraftsverk i drift

1.Viscaria,  Vindkompaniet i Hemse AB, 6st
3. Suorva, SuorvaVind AB, 1st
4. Aapua, Vindkompaniet Svenska AB, 7st
7. Axelsvik, Kalix vindkraft AB, 3st
9. Seskarö, Denitia AB, 5st
10. Svartskataudden, Göran Eriksson maskintjänst AB, 2st
12. Dragaliden, Svevind, 12st
13. Pitholmen, Kjell Werner Jensen, 2st
14. Bondön, Global Green Energy, 18st
18. Hornberget, Jämtkraft, 5st
19. Klimpfjäll, Vindkompaniet, 3st
20. Skarvsjöby, VindGruppen Sverige AB, 1st
21. Bureå, Enercon/NordanVind vindkraft, 3st
22. Bliekevare, Vindkompaniet i Mörbylånga AB, 18st
23. Bodberget, Rothman Vind AB och Vindgruppen, 3st
24. Granberget, Stefan Widén AB, 11st
28. Storrun, DONG Energy, 12st
30. Gråsjön, Kallbygdens vind ek. för, 5st
31. Holmsund, KvarkenVind, 3st
32. Vallrun, Vindgruppen, 1st
33. Hörnefors, Umeå energi, 11st
38. Hällingarna, Vindkompaniet i Mörbylånga AB, 1st
39. Almåsa, Jämtkraft, 1st
41. Järnäs, NordanVind vindkraft, 1st
43. Råshön, Vindkompaniet i Hemse AB, 8st
45, Fanbyn 1, Vattenfall Power Consultant, 8st
46. Norrvåge, Ullvind, Norrvind ek. för, 2st
47. Skagsudde,            , 1st     
49. Hornöberget, Property Dynamics, 1st
50. Björnskallen, Vindgruppen, 1st
52. Dalomsberget, Härnö vind ek. för, 1st
53. Möckelsjöberget, NordanVind vindkraft, 5st
56. Kläfsön, Hemsö motvind KB, 2st
58. Vårdkasberget 1, HEMAB, 1st
59. Långåvålen, Agrivind AB, 7st
61. Rodovålen, Agrivind, 6st
62. Digerberget, Vindkompaniet i Hemse AB och Wallenstam AB, 6st
63. Trärike, Trärike vindkraft ek. för, 1st
65. Brickan, Vindkompaniet, 1st
66. Håcksta, Umeå energi, 5st

Vindkraftverk med tillstånd eller 

anmälningsbeslut, ännu ej i drift

2. Sjisjka, o2 Vindkompaniet AB, 30st
6. Uljabuouda,  Skellefteå Kraft, 12st
8. Rånekölen, Vindkompaniet, 1st
11. Brändön,Stefan Ottestig 1st
15. Jokkmokksliden, Skellefteå Kraft, 10st
16. Stor-Blaiken, Skellefteå kraft, 100st
17. Storliden, Skellefteå Kraft, 8st
25. Stor-Rotliden, Vattenfall Vindraft Sverige AB, 40st
27. Havsnäs, NV Nordisk Vindkraft AB, 48st
29. Betåsberget, Eolus Vind AB, 2st
36. Gabrielsberget, SveVind, 40st
37. Ollebacken, Ollebacken vind ek. för, 11st
48. Kommerberget, Triventus, 1st
51. Digerberget, Wallenstam AB/RDH vind, 5st
55. Skuruberget, NordanVind vindkraft, 5st
57. Middagsberget, Wallenstam AB, 3st
60. Stentjärnåsen, Wallenstam AB, 5st

Bakgrundskartan:
Ur  GSD-Sverigekartan
© Lantmäteriet MS2009/08334

1:3 000 000Skala
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Samebyar
1. Könkämä

2. Lainiovuoma

3. Saarivuoma

4. Talma

5. Gabna

6. Laevas

7. Girjas

8. Baste

9. Sörkaitum

10. Sirges

11. Jåhkågaska

12. Tuorpon

13. Luokta-Mávas

14. Semisjaur-Njarg

15. Svaipa

16. Vittangi

17. Gällivare

18. Sierri

19. Udtja

20. Ståkke
21. Maskaure

22. Östra Kikkejaure

23. Västra Kikkejaure

24. Mausjaur

25. Muonio

26. Sattajärvi

27. Tärendö

28. Kalix

29. Pirttijärvi

30. Liehittäjä

31. Ängeså

33. Korju

40. Vilhelmina södra

41. Vilhelmina norra

42. Ubmeje

43. Vapsten

44. Ran

45. Gran

46. Malå

50. Frostviken Norra

51. Ohredahke

52. Raedtievaerie

53. Jiingevaerie

54. Jovnevaerie

55. Njaarke

56. Kall

57. Handölsdalen

58. Tåssåsen

59. Mittådalen

60. Ruvhten

61. Idre
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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 

Planned large projects  
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Annual German & Swedish wind energy & Swedish and Finnish nuclear production 

WindREN AB 

Planning frame for wind energy in Sweden until 2020 



Research & Education!

Interest org.	



Government & Intl!

Wind farm dev.	



Manufacturers!
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Denmark, China & Spain are not involved in IEA Task 19 
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The Russian WE market; 15 GW by 2020, = Sweden = Canada 



IWAIS 2009 - Summary of Cold Climate Wind Energy Presentations 
Göran Ronsten,  WindREN 



Participating 
countries 

•  Austria 
•  Bulgaria 
•  Czech Republic 
•  Finland 
•  Germany 
•  Hungary 
•  Iceland 
•  Norway 
•  Slovakia 
•  Spain 
•  Sweden 
•  Switzerland 
•  UK 
•  Japan 

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



1. T. Laakso Wind Energy in Cold Climates IEA
Task 19 - Outlook 2010

Pöyry Energy Oy, Finland

2. D. O'Hern Development of an Electrothermal
Ice Protection System for Wind
Turbine Applications

Goodrich Corporation,
USA

3. A. Westerhellweg Evaluation of Operational Data in
respect to Production Losses due
to Icing

DEWI GmbH, Germany

4. Ø. Byrkjedal Estimating wind power production
loss due to icing

Kjeller Vindteknikk,
Norway

5. C. Hochart Methodology and validation of
wind farm production loss
estimates due to icing events

Garrad Hassan Canada
Inc,  Canada

6. L. Fuchs Ice accretion on wind-turbines KTH, Royal Institute of
Technology, Sweden

7. S. Barber The effect of ice shapes on wind
turbine performance and
aerodynamic behaviour

ETH Zürich, Switzerland

8. H. Gedda Development of an Electro
Thermal Wind Turbine Ice
Protection

System Kelly Aerospace
Thermal Systems LLC,
USA

Frequency distribution with wind speed 

€ 

dM
dt

= α1α2α3 ⋅w ⋅A ⋅V



Report to be released 
by June 2010 
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Icing measurements in Aapua 
on a Vestas V82 

WindREN AB 

The present situation in Sweden  IEA Task 19, Anchorage, April 28-29, 2008  
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Aapua wind farm iced up, ice load and intensity 
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Aapua wind farm iced up, 2009-01-27 00:08 
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>25% wintertime energy production losses, V82-1.5 
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Ny Teknik, Feb 6, 2008 



Aapua, 2008-03-19 
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Safety distances due to the risc of ice throw (ref: WECO)!

Rotating!

Standstill!
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”– Jag vill påstå att 
det värsta ljudet 
kommer när det 
varit töväder och 
sedan slår om till 
kallt. Klara nätter 
verkar det vara 
som om ljudet går 
fram lättare.” 
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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. 

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. 

IEA Task 19 targets 1-3 

32

Prediction Methods

Wind generation – online, day-ahead forecast

0

2000

4000

6000

8000

10000

12000

14.1 15.1 16.1 17.1 18.1 19.1 20.1 21.1

Day

Po
we

r [
M

W
]

Online
Forecast D+1



WindREN AB 

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

Icing data covering Sweden, results will not be presented for free 
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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. 

IEA Task 19 targets 4-6 

CGC 



Tools needed to predict, detect and remove icing 
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Official de-icing"
capability"

Market share 

?	

?	


Light icing 
conditions 

Medium 

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

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

3.  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 Silkomhöjden. 

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

5.  EcoTEMP/o2VK/Vestas - Foil based anti-icing system 

6.  Kelly/MW-Innovation/o2VK/Vestas - Foil based anti-icing system 

7.  Goodrich - Foil based anti-icing system, yet to be deployed? 
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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 (o2 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. 
Yes: These tasks are planned to be carried out. 

IEA Task 19 targets 7-10 

Forces & 
Dynamics 

Ice throw 

Reports, 
dissemi- 
nation 



Wind pilot projects: 70 Meuro/10years 

From offshore to cold climate and forests 
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Sweden, funding has been granted for the following 

cold climate projects [kSEK] 

Mapping of Icing, Uppsala University, 2009-2012  8 000 

Skellefteå Kraft - Anti-icing, 2007-2011  35 000 

o2 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 - Havsnäs, icing, foundation, 2009-  20 000 

IEA Task 19 - Wind Energy in Cold Climates, 2009-2012  800 

VindREN - Wind/Reindeer, 2009-2011  3 310 

Swedish University of Agricultural Sciences, Reindeer  2 332 

Wind in forests, Uppsala University, 2009-2012  10 000 

Total: 29.3 MEuro, 27.7 MEuro excl. forest and reindeer  293 000 
* not including work in kind, 1 Euro = 10 SEK 
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Anti-icing (40 WT) and icing measurements (8 sites), 

Bliekevare & Sjisjka, 2008-2012, R&D: 7.2 MEuro 

… 
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International support for o2 Vindkompaniet’s wind pilot project 
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Sveg mast"
Measurements"

240"

155"

80"
70"

15"
m"

Measurements started 
February 2008 
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Unique measurements of icing versus height!
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Equipment used on WT! & in the masts (14 stations)!

Ice detector, ice load, met sensor 

Visibility 

Camera 
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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!

Ice detection 

Low visibility 

Small negative ice load - > 
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An icing period on May 1st 2010, 00:00-06:00, in SVEG at h=155 m!

Ice detection (or precipitation) 

Low visibility 

Small negative ice load 
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Uljabuouda, anti-icing (10 WT), 2009 & 2010, R&D: 3.5 MEuro 



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. 
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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 ~5% of the production during the winter months. 

•  Compare this to a wind park without anti-icing equipment, e.g. Aapua in Sweden 
(Göran Ronsten Elforsk report 09:59), where losses up to ~30% has been reported.  

Göran Ronsten, Elforsk report 09:59.  

Power curve from Aapua. Power curve from Uljabuouda. 
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Svevind, Markbygden, 
Aim: 1101 Enercon turbines, 8-12 TWh 

Investment subsidy and R&D: 11.5 MEuro 



Svevind, Markbygden 

Wind pilot project 
Planning and project approvals 
2010 
•  10 WT (20 MW) on Dragaliden 
2011 
•  8 WT (27 MW) on Stor-Blåliden 



53 

•  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 
–  Model loads on structures 

•  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:  
–  LM Glasfiber 
–  Nordex 
–  Possible coordination to other projects e.g. Uljabuouda and 

Narvik 

Storrun-Icing of WT 2009-, R&D: 2.6 MEuro	





Ice loads on blades 
measured by means of 

frequency analysis 
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Havsnäs, 45 * 2 + 3 * 1.8 = 95.4 MW, R&D: 2 MEuro  
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Conclusions with respect to icing 
•  We’ve got started! 
•  Items in red need attention 

•  Relevant icing measurements at 
relevant heights for model 
verification of wind turbine specific 
icing do not yet exist 

•  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 

•  Commercial de-/anti-icing systems 
not yet available for medium and 
severe icing conditions 

•  O&M issues to be looked into 
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Thanks to the sponsors of IEA RD&D Wind, Task 19! 
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Proceeding from Vintervind 2008, 
Winterwind 2008 and Vintervind 2010 are 

available at 
http://vintervind.se and 

http://winterwind.se 

Welcome to Winterwind 2011 
Umeå, Sweden, Feb 9-10 

http://winterwind2011.se 


