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1 Introduction

Wind Turbine Blade

3 Gearbox

Bearings

Power Converter & Transformer

7 Castings & Forgings

Summary of Wind Turbine Accident Data
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® Major Components?} Critical Components

1. Blade

2. Blade hub

3. Blade bearing
4. Main shaft

5. Secondary generator

6. Gearbox

7. Disk brake

8. Oil cooler

9. Cardan shaft

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Primary generator
Service crane

Pitch cylinder
Machine foundation
Tower

Yaw control

Gear tie rod

Yaw ring

Yaw gears

VMP top control unit

20. Hydraulic unit
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v rotor blades;

v rotor hub;

v rotor shaft;

v main, pitch and yaw bearings (pitch and yaw drives);
v/ main bearing housings;

v’ gear box;

v locking devices and mechanical brake;

v' generator, transformer;

v main frame, generator frame;

v’ tower;

v" sub-structure (optional);

v foundation (optional);

v" bolted connections; and

v hub and nacelle assembly
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Name Blades Gearbox Generator Controllers
. Weier(VND/Vestas), Elin, Vestas(Cotas),
Vestas Vestas, LM Bosch Rexroth, Hansen, Winergy, Moventas ABB, LeroySomer NEG(Dancontrol)
. . Winergy, Bosch Rexroth, GE Transportation,
GE Wind LM, Tecsis, MFG China High-speed, Eikohoff Loher, ABB, VEM GE
Gamesa Gamesailin] Gamesa, Winergy, Hansen, Moventas, Bosch- Cantarey(Gamesa), Gamesa, Ingeteam
Rexroth Ingeteam, ABB
Enercon Enercon Direct drive Enercon Enercon
Suzlon Suzlon Hansen (Suzlon), Winergy, Jahnel-kestermann Suzlon, Siemens Suzulon, Mita Technic
Siemens Siemens Hansen, Winergy Loher, ABB Siemens, KK-Electric
Acciona Tecsis, LM Moventas, Winergy Ingeteam, ABB Ingeteam
Goldwind | LM, Huiteng Chongging Gearbox, China High-speed ﬁg’;fz““zm“)' Yongji Goldwind
Nordex Nordex, LM Eikohoff, Bosch-Rexroth, Winergy VEM, Loher, Elin Nordex, Mita Technic
Sinovel LM, Zhongfu Lianzhong Dalian Heavy Industry, China High-speed %’?annzyhuoaur{ Yongji, Dalian Windtec
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v 2H0|E £

? = CHEt=o MZ=RZE =25 SEHEE ML, MAAE =27t
SCHEHA B2 M S2[0|E MEAS0| ST el S20|E & ditEo| M7 SHEE 2% 85 285t
A7l A%

AZ X|HfE Z3tE
o A

S XY CHCh=O| S2{|0| = (2 83 %)= Z={E Y XMEXI7F XK 22 M ZHSIHLE LM Glassfiber ALO|A] 22381 YO
EH 0 9 1471 E3|0|E MZEALS| HAtHg nafstH, 2008 =0 35 7HsT 280|E T 82 26,565 MWO| &

AS. (201214 : 50,785 MW 0f &)

Al M22 d4tdB|S0| 2K 8 2iE|n o8z, S0 M2 = 2|t 98 20| a8t E &
A2 A2z o=F. gLk X B = 71e] S20|= MZ=ALC| 23 3 MW 0] 42| S2|0|E7t S3El= & oA,

o
3
dSHETY ATl =0 mE Y =2|0[=0f Ciet +2-58 =0

F2 SHEY H=HAte] E20lE 32
Vestas GE wind Gamesa Enercon Suzlon s Acciona Goldwind Nordex Sinovel
LM : LM
Vestas " Gamesa, . Tecsis, LM, Nordex, ’
LM -|\|;|e|§(S;IS’ LM Enercon Suzlon Siemens LM Huiteng LM Zhongfu

Lianzhong




ZE{u 20|=

v 2H0IE Y=

Ho| HE 22| E80|== FRP HE{Q| B Z 2 X|ZHZ|[H, resin(epoxy polymer EE= polyester) EE= matrix Xj &
ot Z2 plastic M 22 23K (glass) 2 A E.

25 =80l== 2 ot&0| &8ot= AX|0f carbon fiberg AL RAL2Lt, LMALC] BF carbon AHEZE 2[L|5}7|
?I8 20| =0 pre-bendE HEdt1 AF. 0] 7|22 SH2 E LA S.

S 8E9| 40 m £ 0|E9| A2, glass fiber 60%2} plastic matrix 30% 2 T4 &|[H, sandwich core X &, 35OIE
(H120] M Z35t7| st FEFOf 4, LA IAET}L LIHX| 10%E AKX

HE[YXEX 2N A QAL T E S| recepteret 220|E FERZ Sot= FE| A 022 7HE.

MERIX| 20|z 02 7IHRDH 2 0|E TEo| ZdEH A& S g F& balsa woodE A& (Siemens, Vestas
UK, LM) = 35 MH = ALCANAL &, Gamesa®} Vestas= Pre-Preg 22|0| = X|&t2 2|8l PVC formZ AIE5H7| =

StH, =2 DIAB 2F AIREXALO| 9|8l a2 &.
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Integral Blade ®

Technology Vacuum Infusion Vacuum Infusion Pre-Preg Wood Epoxy
Fiber Glass/Carbon Glass Glass/Carbon Wood/Glass/Carbon
. Epoxy
Resin Polyester/Epoxy Epoxy (Pre-impregnated) Epoxy
Surface finish In mould gelcoat Sprayed-on In mould gelcoat + In mould gelcoat +
polyurethane enamel PU enamel PU enamel
Sandwich core Balsa+PVC Balsa PVC Balsa
Assembling of
blade shells and Bonding No bonding zones Bonding Bonding
web
LM Glassfiber,
: . Vestas,
Company examples TPI + Tecsis, Siemens Vestas
Gamesa
Enercon

Ref. BMT consult 2008




of th2t, 20| =2t Efelel ZHE S HAIsH| fleh =& 224 15

57te

=IO|

=o(0]

® SHEHO| | HA

Al EX=0] 7HE

20| = JEi g

=

o X7hEl 2

oo

o 7= d72f At

E9EE

e
(o)
—

0| E= Eff{ete

=
=

® 35 50 m 0|4

=20[=7F M A& 7| = 5t E-

4

-
(]
o

=o0|=2] 0[&= I3l =2

[=x
S

® Enercon®| 6 MW 22Ol E126 E{Hlu} ZHO|, Cf

ol
-

StXj & shello] Hal &2 2=

r

20| E9| inboard 50% 7t

=
=

126

ofru

4

2 x5

StA|Z|7] @8l Piezoelectricdt &

o AL
Ao-lE |A_I—|O| E

T

=
=

M|

ot

St
=1

glass, carbon, thermoplastic2 =

=
—

® | M Glassfiber

1, 2EE J1E35ld thermoplasti




vV F2 2Y0|E S

o SHEE S 0l==  MA Sl Btet X[HoIM M=E QU2 LM ARZE 25% O] de| MAAE Eres g2EE:
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® O|= Vestas@} Enercon S AIA| £2{0|E HNEAISO| A|MELE0| ZASH= F=AM0]|7| I 20|H, Gamesall &4 =
o

o
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® 40| S 0|E MEAMSO| SUY S80I=E AIFS M=ot o, A|ZS 0|21 U= M AZE AS| ot =2
ZE S=EH Y.

® TPI compositell} Tecsis@t 22 YMS Lot +=Ht & S 0|EE MAZ 2, X2 &= W SHAY =

of wef, @5 S 0[=E HZAMSO0| S=AF = oIS,

® [|EXM O F Huiteng AR} Zhongfu At7t Goldwind2t Sinovel St 242 = A|MME 7|¥E0F =50 US.




ZE{u 20|=

=92 g¥0|= Z2YH H2

® - =29|0| E20|E A EfAtQl Umoe Ryving A/S At & 11240l Zephyros AtQ| MiMtO 2 QS| HA 352 STHet &
EH Q.
® =2!9| NOI Rotortechnik A= SINOIZ AIHES HASIA D, SXl= S=7| 22l Zhonfu Lianzhong AFQ| At ALY,

® X 15712 S20[= MEAZL UA2LE, SHMUYM AL L= HHFZ(B3%)2 =20/=& AMH2= N &ALt
LM A2 H S5&1 /AS.

® MAAE H7E Top 100 E= Y MEAMS2 A2 HHFEE AMH2=z S20[=2 Mot A2, 2Z0=

Acciona At7t 2-=2|0| £ Xﬂ 3&& A1 NavarreQ} Lumbier0i| Z1-4%.

® LM ALE H MA 87i=0A dMESFS 7SSt US. bkl 42 S 0|5 MAHAES2 &2 22 S8E

gl K| ZFALO] 220|EE S &5t Y2, Euros2| Z2 EU energy?t Winwind0j| 2t 525110 US.

® NGupit Knight & Carver A= 981t 20|x|20 Q3j5l 23jo|= $2/0f WE3ID YAS. B2 L 23 0|= HEtAL




Company Country

Europe

Tecsis MFG Huiteng Zongfu
(Brasil) (US) (PRC) (PRC)

Shanghai FRP

Shanghai-China

LM Glassfiber A/S Denmark Vestas
SINOI Ltd (formerly NOI) Germany
GE © @
Abeking & Rasmussen, Rotec GmbH & Co. G
KG ermany
Gamesa
Euros Germany
Aeroblades Spain Enercon
Ngup Netherlands
America Suzlon
TPI Composite Inc Vien Tek USA
Siemens
Molded Fiber Glass Companies (MFG) USA
Knight & Carver Canada-USA Acciona o
Tecsis Technology Sao Paulo-Brasil
Asia Goldwind [ )
Japan Steel Work Japan
Nordex
Huiteng Baoding-China
Zhongfu Lianzhong Lianyungang-China Sinovel © o

Beijing Composite Material

Beijing-China

Ryle Zhufeng

Wuxi-China

Huayi Wind Power Blade

Baoding-China

China Energy Windpower Equipement

Baoding-China

KM Co. Ltd

South Korea

@ Main supplier, © Supplier, O Small supplier

Ref. BMT consult 2008
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12,920 MWO|H, 2008H L 0f| = 15,500 MW =0

ot 22)0|E ME=SEHE 2Rt AS.

® Top 10 2 HEHl XN&tALS| 2007 H = Xt XA E0|E &2
Repower?} Dongfangi} 22 S 3HEEl X|&ALS

FO
—
=R =3 LS

=R
® LM AL MAIAES] 25 %E S50t AW, 2EE, =, 0|=, HotAz SMUSHS 25ty X[£He S5 2
2 {X|g 4oz MAE. 2008 H0| LMAL= 7000 MWO| £3|0|EE 333U S
Vestas Gamesa Enercon Suzion Siemens Nordex
% of in-house capacity 90% 85% 100% 99% 93% 33%
Supply capacity 2007 (MW) 4000 2600 2800 2000 1300 220
Ref. BMT consult 2008




v 2H0|E HE s

Company Announced annual capacity (MW)

LM Glassfiber A/S 5000

él;?l}ii?;g & Rasmussen, Rotec GmbH & n.a (1000 estim.)

Euros 300-350

Ngup 80

TPI Composite Inc VienTek 1200

Molded Fiber Glass Composite (MFG) 1000

Aeroblades 50-60

Knight & Carver 50

Tecsis Technology n.a (1300, estim.)

JSw 50

1250 el copeity i 207
Zhongfu Lianzhong 1500 (Include SINOI)
Shanghai FRP n.a (100 estm.)

Beijing Composite Material 300

China Energy Windpower Equipment 1000 (announced capacity)
Ryle Zhufeng After sample production

Huayi Wind Power Blade After sample production

KM Co. Ltd After sample production Ref. BMT consult 2008
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Company Country

Company Country

EUROPE AMERICA

Winergy GmbH (Siemens) GERMANY GE Transportation USA
?saunzﬁ: E;ae’:;?)isgons BV BELGIUM Brad Foote USA
Bosch Rexroth A/G GERMANY ASIA

Moventas OY FINLAND Ishibashi Manufacturing C JAPAN
Eickhoff Kestermann GmbH GERMANY Hyosung Corporation SOUTH KOREA
Voith Turbo GmbH & Co. KG GERMANY g;‘::;r:;?:éfgjs Transmission | oA
Jahnel Kestermann GmbH GERMANY Chongging Gearbox Co. Ltd CHINA
RENK GERMANY Hangzhou Advance Gearbox CHINA
Eschesa (Gamesa) SPAIN Dalian Heavy Industry CHINA
Fellar SPAIN Sichuan Erzhong CHINA

Red color : 2007 0| AMAZI=

Ref. BMT consult 2008




Vestas GE Gamesa Suzlon Siemens Goldwind Acciona Nordex Sinovel

In-house ©) [

Winergy ©) ©) ©) ©) [ ©) O

Hansen O @) o ©

Moventas O O O ©

Bosch-Rexroth © O O O

Elickhoff O L

\lizg?grl;"nann O

Feller O

S 0 o
Chongging o

Dalian ()

@ Main supplier, © Supplier, O Small supplier Ref. BMT consult 2008




v 7]0{grA 17k

Company Current Capacity (MW) Comments

Winergy GmbH (Siemens) 9000 MAAE RS 50%E SHE St Top S5 24|

Hansen Transmission (Suzlon) 7000 2 =S A=stn A MA 292 224

Bosch Rexroth 3400-3600 N =22 HE 5

Moventas OY n/a (est.3000) T2tE JyvaskylaOf] 22 Z3E Y 7|0{HAs5& A8
Voith Turbo 40 ME /99| 1+ 5% XA WindDriveE &&(DeWind D8.2)
Eickhoff 1300 1214 0| AFO| AL 7|O{HtA R|EH

Jahnel Kestermann 1200 243 O|Ato| H|ZRHAE HS

RENK 100 e A SHSSHET AF S

Echesa 2000 Gamesal| X[H| K| 2 32 A

Fellar n/a(est.200) -

GE Transportation n/a(est.500) 20044 2 E| GEE Q|8 7|o{EtA S A|ZH

Brad Foote 2000 MZL 0= &H|, 750 kW ~ 2.5 MW

Ishibashi 500 O[3 H| A| 7} 200813 0f) A 213+ 3| A}, 2.4 MW

Hyosung Corporation 200 283Ut S5

China Highspeed 2000 GE2t 1.5 MW 7|0{BtA O] 50% & MAtSl= S2H F
Chongging Gearbox Co. Ltd 800 ZZOM THRZ 2 7|0{efA H|ZHAL

Hangzhou Advance Gearbox 150 Windy2}t Huayi AbZ7F 117, 280 KW ~ 880 kW

Dalian Heavy Industy 750 Z=27|Y Sinovel2| 2 S|AF HZF MAFSE-S 2000 MW E 2HEESH 7| 2
Sichuan Erzhong 100 Dongfang ALO| 1.5 MW 7|O{EtAE B




SEHYHY| 7|0 AE HoE 2 HOE MEHA & S5

o= SHITT AFol =0 mat M=22 |=H|01%' MEASO0] 5200 LiM2
ojof & 4 8l ER IS RH22 AFTUE0| oHE

T Holgel ©§E 7172 50 F oy 2250, M2 TEthH

Component and Raw
materials

Lead time for supply

220 XNLHA| Eelz, 55 =0 2E

HMZr AL A= ot

oLt 7]018f A

HIO & HMZEAte] 87 70 = 0] ¢0| 2857 &

Winergy(Siemens), Hansen(Suzlon), Echesa(Gamesa), GE

Manufacturing gear box

Assembly and testing

Bearings Up to 56-72 weeks

Steel parts Up to 40 weeks

Forged parts Up to 30 weeks

Castings Up to 20 weeks

Gears machining 10 weeks
Gearbox housing machining 2-3 weeks

Testing

2-3 weeks

Ref. BMT consult 2008
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660kW Sl2|Z Al 7| OfErA Jj gt
=N 750kW2 9A7|0f 15t &g|Z 25t K| KA A A3 2] 744 &)
2MWZ S47(0f 2CF S22 15k & &
FM4E3Y | 3MW Differential 2HA1 7| 0f2fA Tl NS PRI el Ea=0=)
L 1.65MW M 7|0f 2CF 2|ZA 1t
SASZY = o 2o
20MW S447|0f 25+ &lg|Z 15t
Si2a | 2MW §47(0f 2CH "a|H 15 S| o
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v 3| HEA X HE=FE

Company Country Company Country

Europe Asia
ABB FINLAND Hitachi JAPAN
The Switch FINLAND Mitsubish JAPAN
Winergy (Loher) GERMANY Lanzhou electric Corporation CHINA
VEM GERMANY Yongji CHINA
Shanghai Electric Machinery CHINA
VND/Vestas (Weier) GERMANY&CHINA (Sewind)
Enercon GERMANY Dalian Tianyuan Motor CHINA
Ingeteam SPAIN CSR Times CHINA
Cantarey Reinosa (Gamesa) SPAIN Nanj".]g Ui & 2ES CHINA
Machinery (Nanqi)
Elin AUSTRIA Dongfang electric CHINA
Leroy Somer (Emerson) FRANCE Xiangtan Electric Manufacturing CHINA
Ameri
merica Ref. BMT consult 2008
IEC Holden CANADA




In-House

Suzlon

Siemens

Goldwind

Acciona

Nordex

Sinovel

ABB

©

Winergy

VEM

Ingeteam

Elin

Leroy
Somer

Lanzhou

©)

Yongji

@)

Tianyuan

©)

CSR
Times

Nanqi

@® Main supplier, © Supplier, O Small supplier

Ref. BMT consult 2008
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Company Current Capacity (MW) Comments

ABB n/a(est.8,000) HAMA LH7| S5 19 |, 2547t0| X =F Ze, H Al A 20,000 Cf O] &ko| &M7| 35
The Switch 4,000 from 2009 7101 &, HOJ-7|0] &, 7|0{2|A H GRXIA LF 7|2 ZF (6 MW 0|A)

Winergy 6,000 (9,000 in 2010) 2005 0f SiemensO0f &, Loher?| 7| =dElS HIEIC 2 BtF 7| E X &

VEM 1,850 15~54 MW 2 X 7| BZ

VND/Vestas 1,200 ~ 1,500 1~5MW 2 YLAA S =3 9hM 7| K ZH250 ~ 500 CH/H), S20| = HEAH|E Zh=
Enercon 2,800 100 % RFA| A=

Ingeteam 2,500 20070 MAHAIRC] 14 %E HS

gzms:y 1,600 Gamesa®| XK K| EHS 9|8t Z A Q0| 50 %= 22

Elin 3,500 ~ 3,700 500 KW ~ 5 MW 2 A At

Leroy Somer

n/a(est. 2,800 ~ 3,000)

2009 £ E HZH 1500 MW # 29| S=25% 7t

IEC Holden n/a(est. 50) HO|X|YS MEsHe B E 9 SR 7| B EAL AAERO| = 124

Hitachi n/a(est. 500) Hitachi Power Systems America0jj A| 20|A|Z0| M7 E 35

Mitsubishi 450 100 % XFK|H| =

Lanzhou 700 750kW ~ 2MW & 27X 7| H|E 2.5 MW 2 2R 7| = e =

Yong;ji 3,500 S0 A 7tE 2 2T IS AL 2010EH £ E 5000 MW /HEH MA IS

Tianyuan 600 1.5 MW ~2 MW & 2+ 7| X|Zt, Sinoveldt Dongfang O| & 1124

CSR Times 350 12MW ~2 MW 2 2H8 7| B&H 2E = Goldwind0 2280, LID{X|= XtAFe| Z&E{Hl0| 228t
Nangi 100 20079 2 VEMI} 7| 20| $oFS X 2B, 600 MW 7HK| A4 AT B 2 Shk of &
Dongfeng 300 Dongfang®| X}3|AO|H, 2= Dongfang0f| 5%} 2.6 MW 27| = AL =S
Xiangdian 250 Huan XEMC’s0f| &5, 20100 1000 MW 12 2 ZHEH0| &

Sewind 100 SEE] T F, MAE WHT|E M KAt EE MO 22

Ref. BMT consult 2008
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|2k ZH A (M L M= A
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Nordex, Acciona, Sinovel & Top 10 E{Hl X|ZFAt

x| ot Mafof whah Ay A st 9

Company Country
EUROPE
ABB FINLAND
The Switch FINLAND
Winergy GERMANY
SEG GERMANY
Windtec(AMSC) AUSTRIA
Converteam FRANCE
Ingeteam SPAIN
KK Electronic DENMARK
IDS SWITZERLAND
AMERICA
Emerson us
Xantrex CANADA
ASIA
China-Harvest Wind Power CHINA
Hefei Sungrow CHINA
Beijing Corona CHINA

Ref. BMT consult 2008




Gamesa Enercon Suzlon Siemens Acciona Goldwind Nordex Sinovel

In-house O O ) o o o O

ABB ©) © o

The Switch O

Winergy O O O

Windtec ®

Converteam O @)

Ingeteam O o

IDS o

SEG ©

@ Main supplier, © Supplier, O Small supplier Ref. BMT consult 2008
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EUROPE ASIA
ABB FINLAND Sanbian Sci-Tech CHINA
Siemens GERMANY China Chint CHINA
SGB GERMANY Yinchuan Wolong CHINA
Areva T&D (Alstom T&D) FRANCE Guangdong zengcheng CHINA
Schneider FRANCE Liaocheng Xinda CHINA
Pauwels BELGIUM Ref. BMT consult 2008

AMERICA
GE USA

ASIA

Hyosung SOUTH KOREA
Huapeng CHINA
Sunten Electric CHINA
China electric equipment group CHINA
Tian Electric CHINA
Tianwei CHINA
Jiangsu Baosheng CHINA
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Castings & Forgings
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v FZHF HIZAL

EUROPE Fonderia Vigevanese* Italy
Vestas Casting Group A/S* Denmak AMERICA
Mesto Foundries Karlstad Sweden Hodge Foundry USA
Mesto Foundries Jyvaskyla Finland ATI Casting services USA
CAS AG Norway Cast-Fab Technologies Inc USA
MAN B&W Diesel AG’s Foundry Germany Ellwood Group Inc USA
gi:‘ebrlilgiesserei CHL Torgelow Germany ASIA
WUXI FAW Foundry Co. Ltd China
Siempelkamp Giesserei GmbH Germany Donggqi Foundry Co. Ltd China
Gusstec Weiherhammer GmbH Germany Shaanxi Qinchuan Foundry China
Friederich Wilhelms-Hutte GmbH Germany Ningbo Yeong-Shang Casting Iron* China
;Ignder Guss A.friederick Flender Germany Ningbo Riyue Foundry Co. Ltd* China
Meuselwitz Guss* Germany Jiangyin Jixin Machinery Co. Ltd* China
MTA Metalltechnologie Germany Shannxi Diesel engine Heavy Industry China
HegerGuess GmbH Germany Henan Hongyu Special Castings Stock | China
Sakana S.COOP Spain gzgz:gHuarui Heavy Industry Steel China
TS Fundiciones SA Spain Wouxi Xihua Foundry Co. Ltd* China
FM Felguera Melt SA Spain Hangzhou Sound Foundry Co. Ltd* China
* o MA 10CH M Z=A|, Ref. BMT consult 2008 Patel Alloy Pvt. Ltd* India




v FZHE T8t 38

Identified supply Expected Supply Forecasted Forecasted
2008 2012 Demand by 2008 Demand by 2012

Continent/Region Comments

Tons/year Tons/year Tons/year Tons/year

Europe 255,000 300,000 166,000 316,000 Qo35 X
Americas 35,000 Est. 70,000 133,000 245,000 Alztot 2 HE=
China 294,500 457,000 92,000 151,000 AzZtot 350t
India 62,000 Est. 90,000 34,000 67,000 S8t 52

South & East Asia 356,500 547,000 129,000 232,000 Alztst 350kl
OECD Pacific 14,000 30,000 Qe ZI A0 o=
Rest of world 4,000 30,000 Qe ZFAt0 o=

Total: 646,500 917,000

Geographical distribution and

distance =0 % 5% 20080 = HE8 ZF0| 7h58ILE, BE 4137k AT MAkdH| 9
S7t7t Qo 20123 B S5825 =8
Quality requirements not met -15 % -10 %
ChEat 22 F 7K HEo 2 S2ot S5 HE7ts
Other limiting factors, e.g. skewed 5 9 5 % - _ s R
distribution of size/ton per item 2P o2 NSeAtel S8 MY 7452t 2 0= AZa E2 +27H B2 X
Ho Zo| MLtdH| HiX|
. o 2) DE ZEH Y EAZF 231K $=C) sIEEtE, &2 0%
Total reduction of identified suppl -30 % -20 % = mSE= Al Te = 1@ ®
PPy ’ ’ U A 25 6 80f Cfet 37} 6|8 =t

Ref. BMT consult 2008




o iFZo HEFES2 7E, OO O=0N S2EIH, SHEE MEASO0| AHA| HMESHA| &

Size of turbine el L]

% of demand in 2007*

(Tones/MW)
Turbines<1,500kW 6 471
ey o
Turbines > 2,500 kW 15 5.3
Weight Avg. 8.4 100
SHEHE 82 H MW & EtxSE A2 4 gt2 Bt EUX|= DHEX| ¥ 8 U OfA|Ote| BHESE | ZHAt0| ostH MW
ch EFQ| EX|7t 2 6.6 tons . [M2}A, Weight Avg.&= 15 tons/MW._@Ql.

Ref. BMT consult 2008




Company name Country Company name Country

Europe

Euskal Forging SA*

Spain

Wuxi Dachang Heavy-duty Ring Unit

Skoda Kovarny Plzen(Pilzen Steel)

Czech Republic

Factory*

Bruck GmbH Germany
Franchini Acciai Italy
America

Ellwood Group Inc USA

A.  Finkl & Sons Inc USA
AJAX Rolled Ring & Machine USA
CAB Incorporated* USA
McKees Rocks Forgings USA

Asia

TAEWOONG Co. Ltd* S. Korea
Hyunjin Materials Co. Ltd* S. Korea
Pyeong San Metal(PSM) Co. Ltd S. Korea
Yonghyun Base Material Co. Ltd* S. Korea
Wind&P Co. Ltd* S. Korea
Unison Co. Ltd* S. Korea
Jiang Yin Huaxi Flange & Pipe Fitting China

Co. Ltd China
Jiang Yin Wind Power Flange Co. Ltd China
Shanxi Dong Huang Wind Power Flange China
Fangyuan Ringlike Forging & Flange* China
Pinghu Zhongzhou Heavy Machinery Co. Ltd | China
Jiang Yin zhenghong Heavy-duty forging China
China Wind energy Technology Co. Ltd China
Dingxiang Yanshi Forging China
Jiangsu Jinyuan Forging Co. Ltd China
Shandong Tongyu Group China
Titan Metal China
Wauxi Forging Factory China
Zhangjiagang Sanlin Flange China
Dingxiang Sanyou Forging Factory China
Shanxi Shuanghuan Flange* China
Bharat Forge Limited India

Echjay Forgings Pvt. Ltd India

Rajkumar Forge Ltd India

Bay — Forge Ltd India

* 1 MIA 10 oY SEHEE EEN

i
>
I
>

Ref. BMT consult 2008
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v TEHF

Identified supply

Expected Supply

Forecasted

Forecasted

Ecntinentiesley 2008 2012 Demand by 2008  Demand by 2012  comments
Tons/year Tons/year Tons/year Tons/year
Europe 62,500 Est.90,000 148,000 282,000 AZts ZaRE
Americas 57,000 Est.90000 118,000 220,000 AZts ZaRE
China 266,000 306,000 83,000 135,000 AZtst 22+
India 13,000 28,000 30,000 60,000 =53 23
South & East Asia 279,000 334,000 116,000 207,000 AZtst 22+
South Korea 401,000 570,000 2,300 7,500 AZtst 224
OECD Pacific 401,000 570,000 13,000 26,500 AZts 22
Rest of world 3,500 26,500 o2 K| ZLAFO] O] =
Total: 799,500 1,074,000

Geographical distribution and

- o) _ 0,
distance 0% S W
Quality requirements not met -20 % -10 %
chgr Ierutmg fe}ctors, e.g. _skewed 220 % 10 %
distribution of size/ton per item
Total reduction of identified supply -50 % -25 %
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80s 90-94 95-99 00 01 02 03
No. 1 9 17 81 30 17 70 65 59 70 82 121 128 124 41

1) M X|HA AtD 4 :63, 2010 6 30UNK| HE
2) MY W HEX| Y —EEXHmamtenance/engmeerS) 2% SHHE AKX/ FX:49 A
3) YA YA =0, =5 ZEX) YA 120 A

v AT Y 4

70s 80s 90-94 95-99

No 0 0 2 3 4 1 2 2 2 6 10 14 15 7 4
1) M| AFARRE 2= :72, 20104 62 307}K| ZE

2) ZHMA T HEHEl (construction/maintenance Q1T SH AFAKE = : 61 O

3) BRAI NTBY (O, 2SR A 4111 F (015 5B Y30 28 9)




70s 80s 90-94 95-99 00

1) HX At #=:182, 2010 6& 3027HX| HE
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3) ThEE E20|E DHEE 1300 m 7HX| HE2trtes A2 L, SYoM= FE X8 X YT 2Xo|M S0|E THHS0| LHE A7t AS

4) MELM, FEAIG2 01§ 2H= FU| ot &8 & DAL Y0 et LS x|as) ot7| 2o SHEE XX F FAX|H| HE|E & 2
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80s 90-94 95-99 00 01 02

A ALD 4 : 104, 2010 6 30YNHK| AE
M T2 SIS ALD AR = RS OHE0|0, Bl S2f d&olM HElt Efelol otEg et

7R 8 FREE WNTH HESHX| Rot0] 25| E o

TEE L& ofgt msi 27t S20|E Th0f HigH "R IR, AFAMD Y E2 H2 HO| £
28 SHHUO| =X W& 52 ofn 40| T X[ Eof| mat AL 2 BlEE O S7te A2z o dE

70s 80s 90-94 95-99 00 01 02 03 04 05 06 07 08 09

No. | o | o 0 9 0 0 2 2 4 4 3 0 3 4 0
1) ™A AFD z=: 31, 20104 62 30X HE

) ZaEMoz 2 WoiKLIZ Y202/ 140 m 7} LaiZicin =

3) Ys LT XIS Z2EM AfO|E0| B, YB0| O AZUME ZHE B0 305 m 0[N HIYIK| REIEES ZnE

4)

200340 YR LX200] Sl HE ADNANX 25 ZUY B2 1990208 2003871 S 8502 ool 218
ind' P

) "A statistical Evaluation of Icing Failures in Germany's ‘250 MW W Programme — Update 2003, M Durstwitz, BOREAS VI 9-11 April 2003, Finland”
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80s 90-94 95-99 00 01

1)
2)

A ALD 4 : 74, 20104 62 30UNA| AE
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A At = : 167, 2010 63 3027HX| HAE
TROE FE OXX| 2 LY HolHY,
TR FAL W71 H D2 A ), Ad, H2I(S2 0|2 £d = ST 482 HMel) S| A HolH Y

HE|o] ¢ 1996EH2|® B M| w23, 1992~1995H 7HX| S X[ FOf M2t 3939|2] L7t SR, O|F 1245 SHELO XY Bo g

"External Conditions for Wind Turbine Operation — Results from German '250MW Wind' Programme”, M Durstewitz, et al. EUWEC, Goeteborg, 1996







