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1 Introduction

Wind Turbine Blade

3 Gearbox

Generator

Bearings

Power Converter & Transformer

N

Castings & Forgings

Summary of Wind Turbine Accident Data
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® Major Components2}t Critical Components
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. Blade

. Blade hub

. Blade bearing

. Main shaft

. Secondary generator
. Gearbox

. Disk brake

. Oil cooler

. Cardan shaft

. Primary generator

. Service crane

. Pitch cylinder

. Machine foundation
. Tower

. Yaw control

. Gear tie rod

. Yaw ring

. Yaw gears

. VMP top control unit

. Hydraulic unit




Design Basis
Evaluation

}

Design Evaluation

}

Manufacturing
Evaluation

A

Type Testing

Final Evaluation

A

Type Certificate
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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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INETE] Blades Gearbox Generator Controllers
. Weier(VND/Vestas), Elin, Vestas(Cotas),
Vestas Vestas, LM Bosch Rexroth, Hansen, Winergy, Moventas ABB, LeroySomer NEG(Dancontrol)
GE Wind LM, Tecsis, MFG WIEEY), RSN RETEL, €2 MEmSper 2107, Loher, ABB, VEM GE
China High-speed, Eikohoff
Gamesa Earisey 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 CN::rI]?qi(Zhuzhou), 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 'II:gnZ;uoaur; VIS, (D Windtec
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B CHCH4=O| S 2|0 =(2F 83 %)= ZE{HI K EA7L ALK M Q2 M ZHStAHLE LM Glassfiber AFOA 223t0 UL
0, 3 9 1478 S2|0|E M =AS| Y4t8 S ne{o5tH, 2008 =0 S5 7tstt =220/E & &2 26,565 MWO|| &

S5t S. (2012 : 50,785 MW 0| Ah)
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Vestas GE wind Gamesa Enercon Suzlon s Goldwind Nordex Sinovel
Vestas — . Gamesa, : Tecsis, LM, Nordex, —

Tecsis, Enercon Suzlon Siemens . Zhongfu
LM MEG LM LM Huiteng LM

Lianzhong
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79| CHEZ9| S2{|0|=E= FRP HE{O| 222 X|EL|H, resin(epoxy polymer EE= polyester) EE= matrix X 2

ot Z& plastic M 22t A3t K (glass)E2 =

AR 22 0lE= 2 5t=50| X883tz fIX|0| carbon fiberg ALE3StL JAL2LE, LMAIS| AL carbon A& S 2|L|S}/
|5 E20|E0|| pre-bendE H &SI }UZ. 0| 7|22 E5E E=E|1 US.
=2k 8E09| 40 m =&i0|E2| A2, glass fiber 60%2} plastic matrix 30% 2 T/ k|, sandwich core A&, S5OLE

G0 MZst7| ?lsfl FEFO] &) &4 HAE LIHX| 10%E ArX| g
SHE|LR IR =ZM A H QA AZ TR recepter?t S8|0|E REREZ Sot= 2| A0S 7HE.

MEQIX 20 0L 7IH R S20|E 2Lo| A HEZL Aet= ot 2 balsa woodE A2 S| (Siemens, Vestas
UK, LM) = S35 2M= ALCANAL &, Gamesa?} Vestas= Pre-Preg =2{|0| = H|2t=2 2|8l PVC form2 AIESH7| =
S5tH, =2 DIAB 2} AIREXALO|| ol 2==!.

Cfj5 2o 220|=E UV AT S& X OHRWX|S 2fsf polymer AAES ALY LR HEXSL 2T HESH
N g#0|= EHO| B2|SHE oLt AZ3 0|2 SEE FRE US. HAES S0\ HA £H 2| 2% 0/t
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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
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Company Country In- LM Tecsis MFG Huiteng Zongfu
house (DK) (Brasil)  (US) (43{®) (PRC)
Europe
LM Glassfiber A/S Denmark Vestas ([ O
SINOI Ltd (formerly NOI) Germany
. GE  J ©) @)
Abeking & Rasmussen, Rotec GmbH & Co.
KG Germany
Gamesa
Euros Germany > ©
Aeroblades Spain Enercon ®
Ngup Netherlands
America Suzlon o O
TPI Composite Inc Vien Tek USA
Siemens [ )
Molded Fiber Glass Companies (MFG) USA
Knight & Carver Canada-USA Acciona Y o
Tecsis Technology Sao Paulo-Brasil
Asia Goldwind @) [ )
Japan Steel Work Japan
Nordex o ©)
Huiteng Baoding-China
Zhongfu Lianzhong Lianyungang-China Sinovel © )

Shanghai FRP

Shanghai-China

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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® Top 10 SHE B HZHALS| 2007H = XtM| A2 S50 E &2 12,920 MWO|H, 2008 H = 0f| = 15,500 MW =Z=0j|
H =
=

= 15
O|=2&!Z. Repower?} Dongfangit Z2 SHEHE HZALS ot S2|0|E MEsHE ERotL US.

® LM AZE MAIAES] 25 %E S50t AW, 2EE, =, O|=, HotAz H45
gE FAY A2z MYUE. 2008H0] LMAL= 7000 MW2| Z2{|0|EE Sa5IJ

Vestas Gamesa Enercon Suzlon 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
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Company Announced annual capacity (MW)

LM Glassfiber A/S

5000

Abeking & Rasmussen, Rotec GmbH &
Co. KG

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

Huiteng

1260 (actual capacity in 2007)
3500 (announced capacity)

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

'("S?anslgr? E:}Z’;Sgissms B 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 Eghﬁg:'e%?éf:jg Transmission | opyna

Jahnel Kestermann GmbH GERMANY Chongqing Gearbox Co. Ltd CHINA

RENK GERMANY Hangzhou Advance Gearbox CHINA
Eschesa (Gamesa) SPAIN Dalian Heavy Industry CHINA

Fellar SPAIN Sichuan Erzhong CHINA

Red color : 2007d 0| AR 2= Ref. BMT consult 2008

23—




Vestas GE Gamesa Suzlon Siemens Goldwind Acciona Nordex  Sinovel
In-house ) o
Winergy © © © © o © O
Hansen @) ©) o ©
Moventas O O O @)
Bosch-Rexroth © O O ©
Elickhoff O [
e 0
Feller O
" o 0
Chongging o
Dalian ()

@ Main supplier, © Supplier, O Small supplier

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

Winergy GmbH (Siemens) 9000 MAAZE HE 2 50%E ZHE 8= Top 2= |

Hansen Transmission (Suzlon) 7000 2 22 A2lstn e MA 222 328 H

Bosch Rexroth 3400-3600 oo 22te HE &

Moventas OY n/a (est.3000) o 2tE JyvaskylaO] ME22 ZSHEl 7|0 X 23 % A&
Voith Turbo 40 ME2& 7|E9| 5% X| 7 WindDriveE & & (DeWind D8.2)
Eickhoff 1300 1214 O| A9 KA S 7|0{EFA K| &

Jahnel Kestermann 1200 244 O| MO HEAH ES

RENK 100 O A S SHLT A F0| EE

Echesa 2000 Gamesal| AtH| M| 2 52 &K

Fellar n/a(est.200) =

GE Transportation n/a(est.500) 20044 HE GEE Q||| 7|O{HIA S K| E

Brad Foote 2000 MEL 0= X, 750 kW ~ 2.5 MW

Ishibashi 500 O|ZH|A|7F 2008 4 0f A &I5F S| AL, 2.4 MW

Hyosung Corporation 200 EESYE S5

China Highspeed 2000 GE2f 1.5 MW 7|0{Et A O| 50%E MAtSIE S S H <
Chongging Gearbox Co. Ltd 800 S0 AN FHMZ 2 7|0 EhA K| =HAL

Hangzhou Advance Gearbox 150 Windy2t Huayi A7} 0 7H 280 KW ~ 880 kW

Dalian Heavy Industy 750 37| Sinovel2| 2 3|AF A7 MAHS S-S 2000 MW 2 EHEHEH A Z
Sichuan Erzhong 100 Dongfang AtQj 1.5 MW 7|O0{EIAE B2

2o
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Siemens Wind, Suzlon, GE Winde} &&
Transportation(GE) & A& X &AE

Component and Raw

materials

MEALS

ol
N =]

Lead time for supply

Manufacturing gear box

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

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
2-3 weeks

Gearbox housing machining

Testing

2-3 weeks

Ref. BMT consult 2008
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® Top 10 E{tl M XHAL & 5740 MEARE AIHHOZ WHMI|Z HEHIS 811 YU
- Enercon : 100 % XA X|&f
- Gamesa, Suzlon, Siemens : 50 % XtA| | &

- &= HE MEHA:S= W2

P

7 NHAZEEH S5

o WH|o| & AT

—

r>

Hs2{2 37,000 MWO|| ZHtDH, 2008E 48 = 26,565 MWEM
(=L =22 60 %E At=0M S
000 MW

5
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Company Country Company Country

Europe Asia
The Switch FINLAND I dnkins
Winergy (Loher) GERMANY Lanzhou electric Corporation CHINA
Yongji HINA
VEM GERMANY o ¢
Shanghai Electric Machinery CHINA
VND/Vestas (Weier) GERMANY&CHINA (Sewind)
Enercon GERMANY Dalian Tianyuan Motor CHINA
|ngeteam SPAIN CSR Times CHINA
Cantarey Reinosa (Gamesa) SPAIN Nanjlr_\g el & e CHINA
Machinery (Nanqi)
Elin AUSTRIA Dongfang electric CHINA
Leroy Somer (Emerson) FRANCE Xiangtan Electric Manufacturing CHINA
America
Ref. BMT consult 2008
IEC Holden CANADA




In-House

Gamesa

Enercon

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




Company Current Capacity (MW) Comments

ABB n/a(est.8,000) HMNA LM7| 32 19| M|, 25 2t0| A|ZF A, F M A 20,000 CH O|Ato| &M 7| 32
The Switch 4,000 from 2009 7101 &, MO|-7|0 &, 7|0{2| A & YRKA GET7|E2 22 (6 MW 04D

Winergy 6,000 (9,000 in 2010) 2005 0f| SiemensO]| SHE =l LoherQ| 7| =Z &S HIEIC 2 EtNM 7| E X| &

VEM 1,850 15~5.4 MW 2 27| KXt

VND/Vestas 1,200 ~ 1,500 1~5MW g G3XA Q= M 7| K| ZH250 ~ 500 CH/H), S0 = M| E=MH|E 2=
Enercon 2,800 100 % KpA| A=

Ingeteam 2,500 2007 EH0]| A AR 14 HE HS

S 1,600 Gamesa®| AHH|H|EHS 9|3t Z3AL, £29] 50 %= 2oe

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

Leroy Somer n/a(est. 2,800 ~ 3,000) 2009EH . H HZF 1500 MW 20| S=23% 7t

IEC Holden n/a(est. 50) 20|X9S MEst= BE 9 2R 7| H R AL AAERO| 3= 1174

Hitachi n/a(est. 500) Hitachi Power Systems AmericaOj|A] 20|A|&0f| 2HMT|E 35

Mitsubishi 450 100 % R} &f| =}

Lanzhou 700 750kW ~ 2MW = 2H8 7| H|Z, 2.5 MW 2 2HR 7| = a1 ojgr =

Yongji 3,500 S0 A 7tE 2 27| 33 AL 2010H £ E 5000 MW /HEH MATHS

Tianyuan 600 1.5 MW ~2 MW & 27X 7| X 2, Sinoveldt Dongfang O] 3= 1124

CSR Times 350 12MW~2 MW & ZH7| H %, d5= Goldwind S535tH, LI X|= XtALS| S E{HI0| S5t
Nanqi 100 2007 2 VEMI} 7| =0| ™ 2 H|Ze, 600 MW 7HX| MALH 2 E 2HEESE o H
Dongfeng 300 Dongfang®| Xt3|AtO|H, 2 &= Dongfang0f 25%t 2.5 MW 27| = A7 =
Xiangdian 250 Huan XEMC's0| 3 &, 2010 0{ 1000 MW 2 2 250 ™

Sewind 100 YA E T F, MR LTI = T XHAL| SHEHBIO| S5

Ref. BMT consult 2008
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Bearing type Corresponding components

Spherical roller bearings Main shaft, gearbox
Eing[e/DoubIe row large diameter tapered roller Main shaft, gearbox

earings
Cylindrical roller bearings Main shaft, gearbox, generator
Ball bearings Generator
Slewing bearings Yaw, Pitch

Ref. BMT consult 2008
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Rothe Erde =0l /1| X| NSK A= Cylindrical roller
Liebherr =4 Slewing Koyo U= DEHOZ
Rollix oEkA Slewing IMO = 20| E/R
Keydon o= =, Slewing PSL = 2 H}7|0}f FZ/Q/=80| =
Laulagun AT QI Slewing
Luoyang LYC o= Z==/Slewing
|2 FHAM (MATY) I H= A
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FangYang = Slewing Efj& CHstol= /0| X|
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n Power Converter & Transformer
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Company Country

—0

x, Acciona, Sinovel & Top 10 E{Hl K|

HEfof thaf AP A

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 SIEIMERS Acciona Goldwind Nordex Sinovel

In-house @) @) o o o o ©

ABB © © ®

The Switch O

Winergy O O O

Windtec ()

Converteam O O

Ingeteam © o

IDS o

SEG ©

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

Company Country

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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v FZHF HIEAL

Company Country Company Country

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
Eisengiesserei CHL Torgelow ASIA
GmbH* Germany
WUXI FAW Foundry Co. Ltd China
Siempelkamp Giesserei GmbH Germany 5 EaGi G i Chi
ongqi Foundry Co. ina
Gusstec Weiherhammer GmbH Germany = i Qinch Found Chi
aanxi Qinchuan Foundry ina
Friederich Wilhelms-Hutte GmbH Germany Ningbo Yeong-Shang Casting Iron* China
Flender Guss A.friederick Flender Germany Ningbo Riyue Foundry Co. Ltd* China
AG
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 Dalign Huarui Heavy Industry Steel China
Casting
TS Fundiciones SA Spain
i Wuxi Xihua Foundry Co. Ltd* China
FM Felguera Melt SA Spain
2 : Hangzhou Sound Foundry Co. Ltd* China
* A‘"Z” 1OEH X‘IlZF_O,:,*X'Il, Ref. BMT consult 2008 Patel Alloy Pvt. Ltd* India




Identified supply

Expected Supply

Forecasted

Forecasted

Continent/Region 2008 2012 Demand by 2008  Demand by 2012~ Comments
Tons/year Tons/year Tons/year Tons/year

Europe 255,000 300,000 166,000 316,000 =90t 3a X

Americas 35,000 Est. 70,000 133,000 245,000 Alztot 35ES

China 294,500 457,000 92,000 151,000 AMztst 350t

India 62,000 Est. 90,000 34,000 67,000 =

South & East Asia 356,500 547,000 129,000 232,000 Azist gt

OECD Pacific 14,000 30,000 QI ZZX0| o=

Rest of world 4,000 30,000 Qe ZZX}of| o=

Total: 646,500 917,000

Geographical distribution and o o N e

distance =% v 20080 £ S 23t 30| 7h53tL}, FE 47 AT WA 9
S7t7t Yo 2012H B H SE2F =

Quality requirements not met -15 % -10 %
OhEat 2 F7H| WEoz S22t Sed &E7ts

Other limiting factors, e.g. skewed 5 o 5 9 _ _ s o A °

distribution of size/ton per item 2R o 1) SEAte| S M 7t53 & 0= AZdt 22 27 B2 A
oo 2 of MAMH] HYX]

Total reduction of identified supply -30 % -20 % 2) 2= SEEYE XNEAZL =86t R=Ct stE2te, HAHE2| 0| &
A nHE =&/ HE0f Cfet =7t H|E 28t




o Z2fE{ulg ct
- 34 CrNiMo 62}
- 17 CrNiMo 62} rMo 47} 7|0{EtA I|L|O AFZEQ} S35 AFIEZEO| EO| AIE =

o [jEso| ChEREES 22 OfA|O} 0|20 220, ZHE M HEALSO| AHY| AIXISIX| &S

Forged material % of demand in 2007+

Size of turbine

(Tones/MW)
Turbines<1,500kW 6 47.1
e 1501 1
Turbines > 2,500 kW 15 5.3
Weight Avg. 8.4 100
SEEY 82 H MW  CtRSE AR =4 22 Bt EUX|= D EX| 32, F8 X OtA|OFS| EhRSE K| ZFALO| o|StH MW
o EFQ Z2HX|J} F 6.6 tons 2. [MH2A], Weight Avg.= 15 tons/MW 2.

Ref. BMT consult 2008
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Company name Country Company name Country

Europe

Euskal Forging SA*

Spain

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

\(/:\lolfxlitgachang Heavy-duty Ring Unit 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
Wouxi 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

“UMA 10 B SHEE EENZ ®IEAL

Ref. BMT consult 2008
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SR zoe ) aots TP Demandby2008  Demandbyzorz | Comments
Tons/year Tons/year Tons/year Tonslyear
Europe 62,500 Est.90,000 148,000 282,000 Azt sgES
Americas 57,000 Est.90000 118,000 220,000 Az ===
China 266,000 306,000 83,000 135,000 A Ztet 30ty
India 13,000 28,000 30,000 60,000 =1
South & East Asia 279,000 334,000 116,000 207,000 A Ztet 30ty
South Korea 401,000 570,000 2,300 7,500 Aztst g0t
OECD Pacific 401,000 570,000 13,000 26,500 A Ztet 30ty
Rest of world 3,500 26,500 Q& H|ErALO| o=
Total: 799,500 1,074,000

Geographical distribution and

- [ _ [o)
distance 1% )
Quality requirements not met -20 % -10 %
O_the_r Ilmltlng fgctors, e.g. _skewed 20 % 10 %
distribution of size/ton per item
Total reduction of identified supply -50 % -25 %
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T HHE M FALE
-S4 8l S| Wind Tower X|ZF &K
Tower |==2S &C -EXIAOl 7= 2 2006 2~= 70002+ &3, 20074 19 Egl =2 7|23
-MA SEET Y| EFRIAE 40%E KHX|SHH M A 1°I% NN
Tower |s=4HY -Wind Tower A AM| S= S&C X2lAt2 HRF, 05 SAEH Q4 LS HUM 4
Tower |[AL{=A -S4 Wind Tower A AF K|




Summary of Wind Turbine Accident Data
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80s 90-94 95-99 00
No. 1 9 17 81 30 17 70 65 59 70 82 121 128 124 41

80s 90-94 95-99

1) MA| X|EA AtD 4=:63, 20104 62 30UNIK| HE
2) SAMY U HEAX[Y 2 EXHmaintenance/engineers), 2 SHE Y AQ XL/ AKX 49 A
3) SN A A=, =& 22 LEAID 20 A

80s 90-94 95-99

1) MH AFMXE 2=:72, 2010 68 307X HE

2) S A1t A=l (construction/maintenance QI L5t ARAKE 4= : 61 &
3) YN MY =l =52 2R AMgAL =111 § (0|F 582 =2 SF2 &)
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80s 90-94 95-99 00 01 02 03 04
1) M At #=:104, 2010H 68 3027HX| HE
2) M HW = RIS DAY= 22 IHE0(H, EfE 52| J0lA el Bt s e
3) RAES S FREF N7t S| Zot0] A5 = o
4) T2 o0 oot W27t =20 = mp0f H3] EH AX[R 1AL Y 52 K2 HO| H
5 29 SHHUO| =YX W 2 ot AS0)| Tt ZXIF0 mat At 2l s HS 37t A2 o¢E

Year 70s 80s 90-94 95-99 00
No. 0 0 0 9 0 0 2 2 4 4 3 0 3 4 0
1) TH At ==:31, 20104 62 30LU7X| HE
2) ZEUIoE 2 Ho{MLIZt YSYoj2ls 140 m K| Hetictn B
3) LE UL XSG SHE AO|ES] 2, €30| = &M= SHEHEO 305 m 0|y HZoHA| Rot=5F Z0g
4) 2003EH0] LEE BAXZO0| oS, A2 MDA K| 2F Zote Z2 1990H 2 E 2003EH7HK| = L0 A2k 8802 0|0 2 &
M “A statistical Evaluation of Icing Failures in Germany's '250 MW Wind' Programme — Update 2003, M Durstwitz, BOREAS VI 9-11 April 2003, Finland”
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70s 80s 90-94 95-99 00

1) A AFD 2167, 20104 62 30UNK| AE

2) TXxObEo IS 0XX| g2 EE=4 Ho[HY,

3) |AEF FA| WI|E DA Q) HY, HE(ZH0IE &4 E&= A 422 Hel) &2 At Ho|H S4
4)

2o 4% 199%6H M BN MO =M, 1992~1995F 7HA| =& X|HOj| M2 3933 2] H2|7F HdstAL, 0|F 1243|= SHELIO| 21E HolH
External Conditions for Wind Turbine Operation — Results from German ‘250MW Wind’ Programme”, M Durstewitz, et al. EUWEC, Goeteborg, 1996







