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Vindkraftprojekt = 10 MW i Sverige, januari 2011

@& Under byggnad @ | drift

4. Gabrielsberget, 40 verk, 92 MW

In operation or under construction

7. Storrun, 12 werk, 30 MW

1. Uljabuouda, 10 werk, 30 MW

22 Toftedalsfiallet, 11 verk, 25 MW

33. Ostra Herrestad, © verk, 13 MW " 8. Hawsnas. 48 verk, 05.4 MW
9. Hedbodberget 1, 5 werk, 10 MW
36. Brahehus, 9 verk, 12 MW 2 =
51 Wy? 10 salitradbarget. B verk, 18 MW
37. Taftedalsfillet. 11 verk, 25 MW an W Fp— 5 1T werk, 34 MW
29. Tavelberget. 5 verk, 10 MW 5‘ 12. Gasslingegrund. 10 verk, 30 MW
40, Froslida (Hylte). 8 werk 15 MW 3o 13. Brattin. 10 verk. 25 MW

- i ) 14. Oxhult, 12 verk, 24 MW

15. Lillgrund, 48 verk, 110 MW
16. HudfKil, 10 werk. 23 MW

17. StentjErndsen_ 5 verk. 10 MW
19. Robergsfjallet. & verk, 18 MW

4 1 ‘@ 20. Hacksta, 5 werk, 10 MW
7 ‘ .
-

L8 verk, 12 MW
23. Sotared, 5 werk, 10 MW

24. Hogberget.,, 5 verk, 10 MW
25. Ribeldt, 5 werk, 100

27. Utgrunden 1. 7 verk. 10 MW
28. Yitre Stengrund. 5 verk 10 MW
29. Klinte vindpark, 5 werk, 10 MW

42, Vettdsen/Finnbergen. 10 verk, 22 MW F]

46. Granberg, & verk, 10 MW - ‘a®
4R Hadhndharnet 2 A werk 17 MWW

Vindkraftprojekt = 10 MW i Sverige, januari 2011

& Med alla tillstand/godkind anmalan
w0 Tillstdnd for park, ej for vatten- och elanslutning

1 Storrnndat B3 o HAS R o 16 Hiotiamsklack. 7 werk. 14 MW

Permissions granted (# excl. offshore)

e,

21_ Blaiken, 90 verk. 225 MW

5. Bisjowarden, 10 verk 25 MW

21
- allasberget. 3
6. Massingberget, 10 wark, 25 MW - == 10 werk. 25 MW
24 23. Bratton 2. 4 verk. 10 MW
- 5 MW .
7. Dingle-Skogen, & verk, 15 - 24, Stor-Bliliden, B verk, 31 MW
8 Arjing NV, 3 verk, 21,2 MW a7 25. Raftsiohdiden. 10 verk, 26 MW

9. Orsa Finnmark. 8 verk 20 MW
10. Tolvmanstegen, 24 verk, 48 MW

- 735 MW

11. Stora Middelgrund, 108 verk, 540 N 31A

12. Kriegers flak, 128 verk, 640 MW N
6% |

13. Trolleboda, 30 verk, 150 MW

135. Knared. 10 verk. 20 MW

o »
34. Stora Istad, 5 verk, 10 MV
35. Granberget, & verk, 12 MW
38. Kyrkberget. 10 verk, 23 MW
41. Killeberg, 5 verk, 10 MW

43. Girdslasa, 5 verk 12 MW

44. Lowstaviken, 5 verk, 11,5 MW

Totfait il havs
B0 vindkraftverk.
130 MWV, 0, 2CETWh

»® Svensk
Vindenergi

& Swensk Vindenerg

o9
-
1
3 22
o, @
-
17
‘ 16‘
Totalt pa land
5 404 vindirafiverk, 970,2 MW
18
- - Totalt il havs
o 330 vindiraftverk, 1 685 MW
233 o (usumer 1. 11,12,13,14)

226 MW

4%

Svensk < -
- Vindenergi

& Svensk Windenergi



Vindkraftprojekt > 10 MW i Sverige, September 2011 I Vindkraftprojekt > 10 MW i Sverige, September .

& Med alla tillstand/godkind anmalan
@ Under byggnad @ | dnft @ Tillstand for park, ej for vatten- och elanslutning,

4. Gabrielsberget, 40 verk, 92 MW 1. Uljabuouda, 10 werk, 30 MW

In operation or under construction

22 Toftedalsfiallet, 11 verk, 25 MW

1 Storrnndat B3 o HAS R o 16 Hiotiamsklack. 7 werk. 14 MW

Permissions granted (# excl. offshore)

7. Storrun, 12 werk, 30 MW - maim“;n_;:z;:w
" 5. Bésjtvarden, 10 verk 25 MW L ve
33. Ostra Herrestad, © verk, 12 MW @ 8. Hawsnas, 48 verk, 96,4 MW povarsen. T = 22 Fallasberget. 10 verk. 25 MW

36. Brahehus, @ verk, 13 MW
37. Taftedalsfjallet. 11 verk, 25 MW

9. Hedbodberget 1, 5verk, 10 MW
10. Salitradberget, 5 verk 16 MW

& Massingberget, 10 werk, 25 MW -

7. Dingle-Skogen, & verk, 15 MW

Z3. Bratton 2. 4 verk, 10 MWW
24. Stor-Blaliden, 8 verk, 31 MW
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Q: Atemporary decreasing share of projects in N Sweden due to grid limitations?
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Wind pilot projects: 70 M€ over 10 years

Gabrielsbergs
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40 MW

From offshore to cold climate and forests

Gasslingegry
10 verk
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The main challenge in Sweden
IS icing, not low temperatures
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A plan to keep
WT in icing
climates in
operation

Missing icing

The Big |*

Picture =

severs de- .'

s

!_ o« Operation, mainhenanna

|

1 Prod. loases, i Legal |
o Igw Danger? actual & Fatl_guelr? conside- Repair?
temp? forecastad? gaading rations L

Planning
Standards
Sensors
Models
Measurements

De-icing

Rules, O&M
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How to deal with practical issues?

— Operation, maintenance and repair li»

| \

Prod. losses, : Legal
Icte oy I,C?)W Danger? actual & IFa(tjl_gueo conside- Repair? In_ N
RITE forecasted? oading ¢ rations operation?
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Anti-icing (40 WT) and icing measurements (13 stations, 11 sites),
Bliekevare, Brahehus & Gl6tesvalen and other, 2008-2013, R&D: 8 MEuro
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International participation in O2 Vindkompaniet’s wind pilot project
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International participation in O2 Vindkompaniet’s wind pilot project
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International interest in CC: Pl 1l
IEA RD&D Wind, Task 19
meeting in Umea, Feb 7-8, 2011

Participants from:
Austria

Canada

China (observer)
Denmark (observer)
Finland

Germany

Norway

Sweden
Switzerland

USA

2

Potential new members
Denmark

China

Italy

Japan

""""

02’s wind pilot project — Large-scale cost-effective wind en



Triventus :

Vindforsk
KraftlZ

VATTENFALL ___J

IEA Task 19 home page - http://arcticwind.vtt.fi/

EXPERT GROUP STUDY
ON

RECOMMENDATIONS FOR
WIND ENERGY PROJECTSIN COLD CLIMATES

EDITION 2011

Submitted to the Executive Committee
of the International Energy Agency Programme
for
Research and Development
on Wind Energy Conversion Systems

. State-otrt rp12

* Planned continuation 2013 - 2015

WIND ENERGY IN COLD CLIMATES
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Technology development for WE in cold climates
Requires market studies - not available : - (

: 3 . ’ = & 5y S :
International Wind Energy International ; nergy
International Wind Energy Development Market Report velopment
Development R =

World Market Update 2008 | World Market Update 2009
Forex ‘:.?.':"5.*.’:3”‘ 3 Forex \.:z_'u 10-2014
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International participation in O2 Vindkompaniet’s wind pilot project
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Testing Active: Outside hot panels
Top 5 reasons for not pursuing leading edge heating
* AEP
- Losses during summer time to large compared to the gain during icing conditions
* O&M cost proved to be to high
* High system costs
- Component costs and lightning protection
* Lifetime
- It remains unproven that a reasonable lifetime can be achieved
» Damage from lightning

Vestas De-icing soluton

Wind. It means the world to us™

mmVestas s

As
presented
by Vestas at
Winterwind
2012 on
Feb 7, 2012

Applying
external
panels
isn’t a
proven
technology
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International participation in O2 Vindkompaniet’s wind pilot project
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SIEMENS
Turbines installed in Sweden and ongoing testing
Raftsjéhéjden
4 SWT-2.3-101
Kyrkberget Customer: Hojdvind AB
1 SWT-2.3-101
Customer: Jamtkraft
@
8 9 SWT-2.3-101
/ ® Customer: 02
New projects in 2012-13 I—
4 SWT-2.3-101
30 STW-2.3-101

1 SWT-2.3-101
Customer: 02

37 SWT-2.3-DD-113
And more to come

Page 8 February 2012

E W CTO INNO

As presented
by Siemens at
Winterwind
2012 on Feb
7,2012

Korpfjallet
and
Brahehus are
part of O2’s
wind pilot
project

VINDKOMPAMNIET
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SIEMENS
Power curve from reference turbine

02 ea Korpfaliet KFJOB 2305125
2500

[+ Deice o]

Active Power [K\W]

&0 i i i
0 2 '] 6 8 10 12
Wind Speed mvs)
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Power curve from turbine with de-icing
02 kea Korpfiallet KFJO4 2305124
29 T
¢+ Deice On AT
2000 : L 1
1500 4
r‘: 1000 H
o
s
? o0 ]
0 J
i i
mD 2 4 6 8 10 12 14
Wind Speed [m/s]
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. . N Turbines keep operating in spite of icing conditions
ower curve from reference turbine
02 fea Korpfaliet KFJ0B 2305125
< SIEMENS
Power production in icy conditions
z
i
é Trreframe Z'O‘:E-.O':g m‘v‘:‘mz:m-n 2350
o] : — ) Pl
: Wind Speed [m/s] ! P
, 5
Page 11 February 2012 E W CTO INNO ’/,—"//
Power curve from turbine with de-icing a— / - / / 36 MWh | 25 MWh
- 02 Ikea Korpfjallet KFJ04 2305124 £ \ . : /
[_oveeor] [ = S e e
2000 2 . ] 2 - = e
s N
3 o De-icing
§ 36 hours ”
50 B
0 4
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o '
Wind Speed [m/s]
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International participation in O2 Vindkompaniet’s wind pilot project
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Mapping of
icing requires
verification

lcing
measurements
are ongoing
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International participation in O2 Vindkompaniet’s wind pilot project
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v&&nr\ SIEMENS

Metrology installation on the nacelle

Metrology test station
mounted at Korpfallet and
Brahehus together with
02, IKEA and Gdéren
Ronsten (Project manager on
behalf of 02)

To learning and adjust the
turbine controller for
operating more efficient to
improve energy production
in cold climate

Page 15 February 2012 E W CTO INNO
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SN kA RNV

.2 \ Equipment used on WT RN § 5’

& 1IN the masts (13 stations)

Long boom for WS

Ice detector, ice load, met sensor

02’s wind pilot project — Large-scale cost-effective wind energy development in icing climates * Géran Ronsten, O2 Vindkompaniet « Winterwind 2012+ Skelleftea ¢ Feb 7-8, 2012



International participation in O2 Vindkompaniet’s wind pilot project

.
.
Swedish iea wind
E A
UFPFSALA hergy Agercy
UNIVERSITET
W th T h LEADING EDGE ATMOSPHERICS, LLC
eatneriec
| SIEMENS % FINNISH METEOQROLOGICAL INSTITUTE

CCMBITECH .2
IN SiTy

VINDKOMPAMNIET
— IE20
mmVressas s
[KIRERospacE EcoTEMP®

Thermal Systems

SMHI
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
2000 33 40 26 10 0O 0 0o 0 0 0 0 53

VINDKOMPAMIET

2001 61 29 27 13 0 0 0 (1] 0 0 11 80

2002 26 39 23 3 0 1] 0 1] 2 20 B2 86

2003 32 57 5 24 0 0 0 0 0O 24 66 60 Example:
2000 68 28 10 4 o0 0 0 0O 0 3 75 21 Number of
2006 2 64 27 0 0O ©0 O O 0 0 13 41 hours of icing
2006 50 42 32 4 0 0 0 O ©0 O T 4 intensity >10g/h,

Nassjo
2007 21 33 22 T 0 1] 0 1] 0 0 34 40

2008 24 18 34 T 0 0 0 1] 0 5 b 46

2009 32 12 56 0 0 0 0 0 0 1 4 39 B
0 1] 6 ;
2010 83 71 28 0 0 0 0 i 0 1 79 25 s o
66 41 35 1 0 0 0 1] 0 0 7 7 DR
ﬁ o
Table 55: Monthly number of hours with icing intensity % > 102 for Nassjo (black = 5x5km ¢

data set, red = 1x1lkm data set).
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Site max ice act icing
load hours
kg/m no

Brahehus 0.7 167
Nassjo 0.9 184
Kiruna 0.7 154

Luongastunturi 1,2 357
Sjisjka 0.7 120

Bliekevare 1.2 240

Tasj6é 1.3 211
Sveg 0,9 244
Glétesvalen 3,1 619
Aapua 2.7 902
Réberg 2.5 640

Example:

Sum of monthly values,
201009-201104 Act icing
hours: No of hours with
icing intensity > 10g/m/h

02’s wind pilot project — Large-scale cost-effective wind energy development in icing climates * Géran Ronsten, O2 Vindkompaniet « Winterwind 2012+ Skelleftea ¢ Feb 7-8, 2012



LEADING EDGE ATMOSPHERICS, LLC|

% FINNISH METEOROLOGICAL INSTITUTE

.2 Example: Calculated and observed energy
NOKOMPANE] production in Dec 2011 on Aapua

Site T mean Tmin | Tmax | Umean | Umax | Loads, | Loadms | Loadms. | Rate>10 PwrPot | PwrObs | %LossObs
PwrCln | Pwrlced | %LossCln

1 p—
AAPUA | - - - 7.6 | 19.1 - i - - S0 65 59 49,
671 48 | -165 | 09 | 81 | 18 2 0 77| 27942%) | o5 503 1879,
L S S0

Table 3a: Subset of Table 2 for AAPUA.

02’s wind pilot project — Large-scale cost-effective wind energy development in icing climates * Géran Ronsten, O2 Vindkompaniet « Winterwind 2012+ Skelleftea ¢ Feb 7-8, 2012



.2 I Example: Calculated and observed energy
VIMNDKOMPANIET

production in Dec 2011 on Aapua SMHI

Aapua 201112 AROME 100M power, pot power: 576 MWh, power w ice: 420 MWh, loss: 27%

2000
1800
1600
1400
1200
1000
800
600
400
200

kW

00:00 00:00 00:00 00:00 00:00
2011-12-03 2011-12-10 2011-12-17 2011-12-24 2011-12-31
Time
Date

Figure 77. Ideal power production (red) and power production with ice (blue) (kW) at Aapua.
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International participation in O2 Vindkompaniet’s wind pilot project
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International participation in O2 Vindkompaniet’s wind pilot project
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Prefabricated
gravity foundation
using high
strength steel
cellular
reinforcement

Aim: Shorten the
construction
period
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Prefabricated Structural
gravity foundation dynamics and
using high fatigue loads of
strength steel iIced up WT using
cellular current CMS-
reinforcement systems

Aim: Shorten the Aim: Input for
construction update of IEC
period 61400-1
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Prefabricated Structural

gravity foundation dynamics and

using high fatigue loads of

strength steel iIced up WT using

cellular current CMS-

reinforcement systems Aim:
Aim: Shorten the Aim: Input for

construction update of IEC

period 61400-1
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Large Scale, Cost Effective Wind Energy Deployment in Icing Climates

Welcome to O2’s
wind pilot project seminar

Swedish

Energy Agency




Recap and kick-off 2011

09:00-09:30 Welcome, participants, background GoOran Ronsten

O2’s current activities onia Liléo, Kristina Lindgren

09:30-10:00 The foundation Sten Forsstrom, SWECO
10:00-10:15 Ice measurement systems, portal

' @ nny Ericson, Combitech

10:15-10:30 Ice measurement systems orén, Bjorn Ostberg, In Situ

10:30-10:45 Coffee (
10:45-11:15 Weathertech Stefan Sdderberg
11:15-11:45  Kjeller Vi Erik Nordborg

11:45-12:15 Siemen ing Finn D. Madsen
12:15-13:15 Lunch ...




Wind energy aerodynamics - icing and de-icing of WT blades
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Wind energy aerodynamics - icing and de-icing of WT blades

09:00-10:00 Cross-pollination of aircraft icing and wind turbine‘icing technologies,

Prof. Wagdi Habashi, Director, CFD Lab, Department of Mechanical Engineering, McGill University
NSERC-J-Armand Bombardier-Bell Helicopter-CAE Industrial Research Chair of Multidisciplinary CFD
Pratt&Whitney Canada Research Fellow, Editor-in-Chief, International Journal of CFD

10:00-10:20 Challenges using composites in large rotor blades in arctic

environment, Soren Nilsson, Swerea SICOMP AB

10:20-10:40 CFD in icing and deicing of WT, risk assessment of ice throw, increased
noise due to iced up blades and eylindrical sound propagation, Prof. Laszlo Fuchs, KTH
10:40-11:00 Pause

11:00-11:20 Detailed national mapping of icing, influence from icing on wind energy
proeduction and the benefits of forecasting of icing to improve profitability

@dyvind Byrkjedal, Kjeller Vindteknikk ...

http//www.chalmers.se/ee/swptc-en/events/previous-events/wind-energy-aerodynamics ‘
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