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~’pﬁ3’“d%‘$‘| f’J?ﬁ’
BT AL RLA SRR TRNIR > KRB B OB SER o [AMEGNEC 2007
i (TR - S FL O g pm‘ B el (22.3GW) ~ B (16.8GW)
REEER (15.16W) » PRl drEHs B v = TR BT IS (5.200) ~ i
(3.5GW) M i (3.4GW) > | = SRp9 BRI AR R E] 94.16W >
[ B AR R S

GLOBAL CUMULATIVE INSTALLED CAPACITY 1996-2007

MW
90,000 s o A o 6 S S A oA A b S A 4w i A S A b A A B

80,000
0 11 PP
00 P
G000 tmrmeme e R e AR b S s s e
O e s e e i s e e bbb . . S ... S . ..
30,000 - ereene SN ... SR ... SEE...... . ...

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
6,100 7,600 10,200 13,600 17,400 23,900 31,100 39,431 47,620 59,091 74,051 93,864

i 1 = 25 1996~2007 1 BT RFRAFH AR AR (GVEC 2007 = )

Denrnark 21.3%
Spain 11.8%
Portugal o
Ireland B.4%
Germarsy T.0%
evz7 [ - =
Greeos 3.7%
Metherands 3.4%
Austria 3.2%
LIK 1.8%
Estonia 1.8%
Iealy 1.7%
Swadan 1.3%
Francs 1.2%
Lithuaniz 1.4%
Luxembourg 1.1%
Latvia 0.0%

Belgium 0.7%
Bulgaria .58
Paland 0.a%
Czach Republic 0.4%
Hungary 0.4%
Finland 3%
Slowakia  |0.0%
Romania  |[LO%
Slovenia  |DLO%
Malta |0L0%
Cyprus | 0L0%

[l 2 BEEY S st ) P R R O D (EWEA)
Eﬂ;\r\rﬁ[E;I@n—pgg%fﬁ%fﬁr%- L5 e it P TR 21.3%?;':@.' R ER
7 1180 BE R 9. 3% « BEIRERIAER gﬁ't"wmwfaﬁ' > (kL > ERCT SR T



i (P AT 7.0% » T BRI -

2007 & O TSI HHEE 19,791 - E[T 215 9 Ves tas i £ BT )17 2l
3 22.8% F VRSB CE il 16.6% 1= FPF Gamesa il 15.4% 0 FH VG
A9 Enercon il 14% - {14 B9 Suzlon rljt 10. SWEEE 5T o fiy & e il
HESRSE 4. 2%E 7+ 1 of 5 F IS 2

Top-10 Suppliers in 2007
% of the total market 19,791 MW

GAMESA (ES) 15.4% ENERCON (GE)
14.0%

0,
GEWIND (US) SUZLON (Ind) 10.5%

16.6%

SIEMENS
™ (DK) 7.1%

ACCIONA (ES)

4.4%
OLDWIND (PRC)

4.2%
NORDEX (GE) 3.4%
Others 10.5% SINOV EL (PRC) 3.4%

VESTAS (DK) 22.8%

Source: BTM Consult ApS - March 2008
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3.1 %}H[:pﬁﬁﬁﬂi Middelgrunden EZR{’=H)

Middelgrunden HEER] =4 Jruﬁff VR BT He L] P BT e USR] VR R
Hho SRS A PR T YNAAY 2 = 3 R L T R RO
(Baltic Sea)s*| » 743 - 5 3. (120 ‘ﬁ Siemens Bonus ** il 2MW 20
FiAs o ARG B A0MW » I'J VST //}L-{J‘iulgﬂ U O R A A B B R
Tyl Rt AR R [ Y 11 2 L '/f:l PR R - EM“
EIA3 1500 [ > s 17 22 A FLA plEo iR SRS aileg > 9h I SeiipEe S0
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i 4 Middelgrunden 3t A-3¢ B 4 % At = % Bl
B 4t 2% Middelgruden
BT BN 2 8. Tm/ s (hub height)
B A D Bonus 2.0 MW*20
Bt AL FERSHIEH < 700 m
HERIHE 40 MW
B PHEE © 2~3 km
0 i3 ~5m
FURER|ZN * Gravitational Foundation
B % 1S00F - i 17 m
?E‘%%EFJ{J@(Hub Height) : 64 m
KM (Rotor Diameter) * 76 m
YR 30 kV Ei@%%]fﬁﬂﬁ‘ﬁﬁi
2000 # -

1



[fi' 5Middelgrunden R =0 ‘JJFTT*’@'FINL 2

3.2 Vestas & | A5 B35
=% Vestas fP%* Randers ﬂﬁﬁﬂ » =% Director, offshore Technology Sale &
Project, Mr. Soren Houmoller ~ offshore expert, Mr. Jens Laoritsen > I'J » QA/QC
Manager, Ms. Helle Malling » I'J* Technology Project Manager, Ms. Ellen H.
Thomsen:%TEw%ﬁ?kﬁﬁﬁﬁﬁ%E'Fﬁ]Vestas o B ]S ERAS L AR T
FIi] Vestas {931 fif 54 -

kW V52-850kW
1.5MW V82-1.65MW
2.0MW V&0-1.8MW
V80-2.0MW
V90-1.8MW
V90-2. OMW
3. 0MW V90-3.OMW

Vestas V2 By M s 359 AT R on - BB 2% P
A BAFAPCHIL - SR RTINS BT iR
DR SURSI ~ BRE ~ TN NG P R N TR
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AR RS R PR T R [ ﬁ”ﬂﬁ T PR IS YR, T R
FTJJE"FTW]‘ [ Vestas 577 -
Vestas 7 @ﬂﬁfﬂi?“mwﬁj U
PSR RS FRIPVE R

Y Ves tas PR T.»J%F} IR &

> R

> PR RIS P TR

>R RS g

> ANEIRER F%fm IF{JF_MFEH«EJ

FEET PR EYRIRE > Vestas |1 2002 [l o sl SH B0)0 SR T8RS - | oA ATEER]

IR  Vestas 5 B EEH R 1L BN H A 0 A

President
Anders See-Jensen

Finance & Operations
pr— Senior Vice President
Torben Winther
Legal & Contracting People & Culture
Vice President —— Vice President

Jens Kristensen

Seren Bjorn Nielsen

Business Development & Communication HSE & QA
Vice President —— Vice President
0Ole Nicholaisen Soren Bjorn Nielsen
| 1
Sales & Project Customer Service
Senior Vice President Vice President
Bo Merup Flemming Ougaard

q%ﬁ' 6 Vestas Offshore A/S A5 "@#‘E

Tytﬁf[ PFTF Jg@?_—fﬁ}rpu&%h

> Cﬁ R
PR/ - - BFHFRARE
g% i)

>

>

> IR SO ]S
>

>

>

T
E\L“Jﬂl IENSE J}F’FEI FIJB«L’EFU
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vV V V VYV V

>

2007-3E?E??%ﬁHE?WJEEF5ﬁ5§§ET7(EFE@1236.O4MW’ 1 Vestas H

B R

PR
Vs
SR
=

VHEF R e R £

741 .09MW ’$QﬁﬁT“tapU<L5§ ,giﬁgﬁﬁgw%gépﬁﬂﬂjgg\ [~ s~ FIA Pl [

5 BB RAL N S

MNorgersund S 1990 Wind World 1 W25 - 220 kW 0,2
Vindeby DK 991 Bonus 11 B35 - 450 KW 49
Lely NL 994 NedWind 4 NW40 - 500 kW
Tune Knob DK 995 Vestas 10 V39 - 500 kW
ronten NL 1996 Nordtank 28 NTK43 - 600 K 16,
ockstigen S 1997 Wind World 5 W37 - 550 kW 2,75
Iyth UK 2000 Vestas 2 VE6 - 2.0 MW 4
Utgrunden = 2000 Enron Wind 7 EW70-1.5 MW 10,5
Middelgrunden DK 2001 Bonus 20 BY6 - 2.0 MW 40}
Yttre Stengrunden S 2001 NEG Micon 5 NM72 - 2.0 MW 10
Horns Bev DK 2002 Vestas 80 Va0 - 2.0 MW 160
Bonland Dk 2002 estas 4 VB0 - 2.0 MW q
Ronland DK 2002 Bonus 4 Bg2.4 - 2.3 MW 9.2
Samso DK 2003 Bonus 10 Bg82.4 - 2.3 MW 23
etana Japan 2003 Vestas 2 V47 - 660 kW 1,3%
Frederikshavn DK 2003 Vestas 1 Vo0 - 3.0 MW 3
Frederikshavn DK 2003 Bonus 1 Bg2.4 - 2.3 MW 23
Frederikshavn DK 2003 MNordex 1 N30 - 2.3 MW 2.3
Nysted K 2003 Bonus 72 Bg2.4 - 2.3 MW 165,85
Arklow Bank IRL 2003 GE 7 GE104 - 3.6 MW 25,2
Eorth Hoyle UK 2004 Vestas 30 V80 - 2.0 MW 6
croby Sands UK 2004 Vestas 30 V80 - 2.0 MW &0
f.entish Flats UK 2005 Vestas 30 V90 - 3.0 MW 90
arrow UK 2006 Vestas 30 V90 - 3.0 M ED
Beatrice 1 UK 2006 Repower 1 5M-5 MW E
Egmond aan Zee ML 2006 Vestas 36 Va0 - 3.0 MW 108
eatrice 2 UK 2007 Hepower 1 5M-5 M g
Burbo UK 2007 Siemens 25 SWT-3.6 MW 90
llegrund S 2007 Siemens 48 SWT-2.3 MW 110,4
NOOC China 2007 Goldwind 1 1500kW — 1.5 MW 1,5
¥i NL 2007 Vestas 60 VB0 -2.0M 120
ombined Vestas Group total 358 741.0
Vestas Market Share (%) | 59,99
AN =R [ A 10 [ 5] XL T
B 7 2 2RSSR R 7Y

JUBFY Robibn Rigg BERH B HARUA RN -
> HZELE.CON

> fiﬁ?%ﬁTﬁ%?ﬁ%ﬁ{13.5ETE'WJCumbria‘ﬁ%fﬁ%?§§ﬁ{937E‘W1Dumfriesfﬂ

YV V VYV V

Gallway
TSR 13 A
B 9.3 7 /R
& 5@2}%@% 555GWh
Sl

14



® UEE:2008F S
® £::2008 ¥%~2009
® TOC : 2009
FIESE
Vestas 42
® 60 % V90-3MW S
® iRt
® EH S
> BOP [ &
® 2 [EEH ) B T
® ! KIS
® SuVE PSRl

" LT RO IEN AR A
0l VAR 7
{"-‘;‘.!J/ FAY ﬁasn’nw S
b Vﬁj, ”{%&}B g/ po
& | () Ar'ran _
r‘ai'rgnt_ pr \ \
N 1
Isle of Man TER
(UK.) ‘ Al Ll
Barrow- , | . f
Dou@ in-Furna.:\l'ﬁ r T-ﬁ&

[ 8Robibn Rigg HEH ' S9!

F] Ves tas 2 S F) 12 % B BRI =k ST FrmResl - Sl

FEEITIIFE] 180 MW » =157 35 SRAeisis i pue) 528 MW » 453 g
ﬁ%“ﬁ’?—i :
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Country  United Kingdom Cos Denmark
" . c Dong Ernargy

Mitatlaton year 007
Humnbses of ity B
Turbire typs  ¥HO-LOMW Trbine type  VHO-2 OMW
M s} s 180

[f O Vestas ZhE HEH BBFH1T [
B Vestas F’ﬁ%ﬁl@?‘}lﬁﬁ?&?ﬁ:ﬁ[}lﬁ%:
> VB0 2.0 MV B E1 5 ek ik

V80-2.0MW pitch regulated

Type approval by GL Offshore (Class 1)
= 10 min. 50 vear mean 46.1m/s
= 2 sec. 50 year gust 60.3 m/s
= 1 Yearly average of 10.0 m/s
= Operational speed 4-25 m/s (10.

min average)
= Cast Resin Transformer (10-33kV)
= Corrosion Class: C3-C5M (C5M
outside)
= Cooling: Air and oil

Technical specifications

= Nacelle and Rotor

= Somdiameter & swept area of
5027 m2
= Weight: 105t

Main shaft

Gearbox

Towers are site specific

= Horns Reef: 60 m, 2 sections, 148 t
= North Hoyle: 46 m, 2 sections, 113 t Transformer Generator
= Scroby Sands: 50 m, 2 sections, 108 t

= Q7:42 m, 1 section, 93 t

Dise coupling

[l 10V80 2.0 MW B = 5L ek 9t 51 M A

16



> V90 3.0 MW BEH R )/ 5L Frffp ok
V90-3.0MW pitch regulated

IEC WT S Type approval by DNV (1A) F
= -10 min. mean 50.0 m/s
- 3 sec. gust 70.0 m/s Gearbox

= -1Yearly average of 10.0 m/s \
= - QOperational speed 4-25 m/s \

(10. min average)
= Cast Resin Transformer (10-33kV)
= Corrosion Class: C3-C5M (C5M
outside)
= Cooling: Air, water and oil

= Nacelle and Rotor

= gom diameter and a swept area
of 6362 m2
= Weight: 118t Cooler

Towers are site specific
Kentish Flats: 60 m, 2 sections, 104t Transformer
Barrow: 58 m, 3 sections, 155 t
OWEZ: 55 m, 2 sections, 106 t

Main frame

Generator

Ton Controller

i 11V90 3.0 MV ESR{E 1058 T ot 17 MR A=

> Certification(lqm—mpj%)

Type approvals
Wind turbine approved in accordance i &
V80 - 2 MW by GL
V9o - 3MW by DNV m
Certifying bodies used by Vestas
«Type approval: Det Norske Veritas (DNV) - Norway &!ﬂg}ﬁl —
iser-wi -
«Germanischer Lloyd, Germany i & 9
+Power Curve Measurement: Windtest - Germany
+Sound emission: Delta Acoustics — Denmark m " OELTA

Certified by Germanicsher Lloyd, Hamburg

Vestas has established and maintains Quality o
Management System relevant for: ltem no. 847508.R

2004-11-28
«Sales, Development, and Manufacture ISO 9001 GL Certificate
«Installation & Commission
«Service & Maintaining of Wind Energy Systems No. QS-038HH

«Technology Transfer

12 A

17



W Vestas BEH T3 FEEE fL 9 -

2003 2 3 20

2004 3 9

2005 59 30 178

2006 119 66 8 193

2007 244 55 135%

Total 434 96 66 (570 years)

' 13 Vestas BER{% |0 a0 RS il 100

%2007 = £+ Vestas VOO 3.0 ngﬁ[@ﬂ@ﬁ%%%%ﬁ( E“?ﬁ SOHZ, 60HZ)=1%
A 162 -
BB ST -

> VHERRE

>R

> F’—}iﬁﬁ@%p IF%ﬂjig

> T
> RS

>

> R

o GFRERET
> R
L4 fEL E[LJ} {ﬁj

b fuﬁfj
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o s
o«

o FhgEF

o e
o«

o WHIEH

° IF

° AL

°  MFE

> R e

°  EPYIS )

o Iiugd

* Fit

o I

o
PEH AR LR - W IROT
1. A7 2 45,000~70,000m’( (s FREAEE )
2. BT R 24/ 7

3. LEFLAE
 Zone  Distancetopierwall [m]  Load carrying capacity [t/m:]
1 05-30 20
2 3.0-10,0 10
3 10,0 - 15,0 7.5
4 15,0 - 30,0 15.0
Crane zone (Primary crane) * : ;
5 30,0 - -- 75

14 EEA R
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> @j’E%%[E?’}Jﬁﬁ%%Ef%%#ﬁ’lﬁ(m Package Organization)

i 15 B B RS A

> 3EF3U% (Foundation) BIZV 2 w9 4

Increasing water depth

[l 16 BEH 2] o AL -
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@%ﬁ[@“‘liﬁ?ﬁ%ﬁ’?@gﬁl@(Foundation) » fI'735Y tmono-pile > tripod > I'J &
gravity based F= 7 SIS Y PRI T T fﬂ LA

[ 17 B ) g TR R
gravity based BEH R FEAGELE LA o 5 PRI PEVREA T A
FOEfER L TR TS LS 24 T

> JE%RE qaﬁ' (Cables)
® ISR fﬁﬁfﬁﬁﬁ“@“ﬂﬁlrﬁ [ R STt

IR /F'E?qu ?Zﬁ[ﬂﬁj mWﬁ»ﬁ\)
Fmﬁ&&‘fl J/I1® Fh
RS

A

fELT
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il 18 VR AT BN

FEEW[ 1Y (Harbor Presentation)

HE[ 0 2 45,000~70,000m
HAERA S b 150 2R

=P 6 N

RIS AEIZ D 20 B/ T 4

= HOHIVERHES - 6 G R 2 2 ] B
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> E%ﬁr[@?’}@ﬁﬁ?%ﬁf@ﬁi(wmd Turbine Pre-Assembly)
o MR

o [
o LA

i 20 B4 0] 58 R 1Y
> ﬁé“%%&?&jf@ypical Transport and Installation Setup)

Feeder & Crane Vessel ® Wind farm close to Base
&  Port (1 -2 hours sailing)
® ®
@ ®
B @

Feeder Vessel Wind farm far from Base

Port (+6 hours sailing)
2
&
® ®
® ®

& &
Feeder Vessel | | Crane V%\ 2 ® ®
> &

q\;ﬁl 21 ﬁég%%ﬁf

Base Port with pre-
assembly site
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> Eﬁﬁ[rﬂ?"}léﬁ?ﬁiﬁiﬁ(wmd Turbine Installation)

[ 22 B ]S R L R
Ellaiig B e J%%f%&ﬁ?}@ﬁlﬁﬁj— » Bunny ear R % ‘F[_FE%‘EF‘?%EN/ éﬁﬁ?ﬁjﬁ
CHAAR e % B HEBERE A - I VR PR SE T B LR,
W EEH RS PR S
> F##(Time Schedule)

18 - 24 months

Contract Foundation  Cables WTG installation Commissioning TOC O&M
' 1 1 “
3 %
I Appointing
Supervisor

Training program Establish O&M
for Local Crew Onshore base

Hiring Assistant and
Offshore Technicians

[ 23 B R SR
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> RN FEZ(Operations & Maintenance)

® JHREENAE- - AR
v INERATIRT
v V90 B F RERE—N > VB0 fF At —
® AIEE
v FFEAE 24171365
G AT YRRl
v E‘/iﬁ/EJﬂﬁfEif?ﬁér,
® Rt

Yo OREUERERTE- - DAVERE R

&?‘1, 24 FEH] B ~JJ§§’F‘$&%§I”%E‘]M/

> EfELE
® ?én%ﬁﬂ@f‘ 365 E[?ﬁff”
[ Flfizlﬁijk

® gl 20 a7y

o i 0 [IIE [
]

[T 1,540 7 R
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® ST PR i
° %E'ﬁﬁ‘f%r%ﬁﬁj
IEC WTO1 A1 IEC 61400-22 F|= A -

Design Type Testing Manufacturing Foundation Type
Evaluation Evaluation Design Characteristic
Evaluation Measurements
(optional) (optional)
IEC 61400-22 (draft)
. . Final
Additional module: design Evaluation
basis evaluation
mcodes and standards
m[lesign parameters, assumptions,
methodologies and principles
wOther reguirements for manufacturing, "I‘ypc
transportation, installation and Certificate
commissioning as well as for operation
and maintenance

[ 25 TEC WTO1 A IEC 61400-22 = e A
%%F::j[?l
® U (IS0 9001)
® Ll A7 3% (IEC 61400-1)
® PIEVATEIEN R FI(TEC 61400-1)
0%1‘% ‘ %Mﬁlﬁ?‘}f ' (IEC 61400-1 ~ ISO 2394 ~ ISO 6336 ~ IEC 60204
® {[if ~ "= (IEC 61400-1)
ogu&%*;%gmi(mc 61400-1--..)
BV
® <= AL A FEEE (1IEC WTO1 I D)
® [ELIE! (IEC TS61400-13)
Fuf J‘ﬁ’ <JHIEH(TEC 61400-12)

® {IEH 4 ZER(IEC 61400-23)
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[ 26 84 BRI
® T L SR EE (TEC 61400-23)
® I (Y=NER

W
® |ify T (i (1S0 9001)
® L EIARER (TEC WTO1)
4. FARERNA G2
© ') — BRI FLRE S G i G2
5. BIFVEUEF RN GETFD
® (13RI (IEC 61400-21)
® [ 1 (IEC 61400-11)
6. A
® iz fFRUSREEA - I
> ?%F:’I i
> BTN
> Qﬁﬁ? i
® = | i/
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7. AR

B S e CLT

Design Basis
Evaluation

Rl 27 FIF R (R A
W RSB EREI R
> ‘E?ﬁ%%HE??JEE%E$§$ﬁ%%LV Standards & Guidelines
B 13 PR A o v
(1) IEC61400-3 - Wind Turbines Part3 - Design requirements for Offshore

wind turbines °

(2) DNV : DNV-0S-J101, Design of offshore wind turbine structures,

October 2007.
(3) GL : Guideline for the Certification of Offshore Wind Turbines, 2005

edition
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BER RS

./' Design initiated N
. /
]
. . RMA design
Site-specific 400
external conditions (6, 12) (e.g.wl_!i% ?I.‘lll'bin e1 "j;:g?yd
¥

Design basis for offshore
wind turbine

I

| Support structure design RMNA design -

! T
A

Design situations and load
cases (7.4)

¥

Load and load effect
calculations (7.5)

!

Limit state analyses (7.6)

e
_—-—“‘—f H_bhﬁ___--"“--_
--_'_’:_ Structural integrity OK? =
— .

—

|’/ Desi leted N
L esign comple

vy

[l 28 B Jﬁ%ﬁ’l@ﬁ%ﬁ% -

B 29 Fé‘ﬁ[‘é{@? Vestas Ef%ﬁ?xé
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3.3 DNV E?‘Jliﬁ%ﬁﬁ.%ﬁﬁﬁﬂ

11 FJ 11 E[ | E[[ IJ—E‘LJ <<'_L]%‘,—‘—‘;:{é§?:lrrﬁ \/F[I::

i;m;tr » el Ffﬁ[ﬂ |6 =

?@DNV » DNV et ‘Jiéﬁ}q : arjﬁ ffl Peter Hauge Madsen Tﬁli }%El o

DNV fi (-3 ﬁll?j[)“ll[a'flfﬁf« > ST HIERAE  (maritime) ~ fEVFi(energy)
(IT risk management) ™~ ijﬂF‘F(mdustry) » Fl = lé&#‘é/[ﬂ Q%‘.'F’?—r :

Mantlme Reneu able energy Food anci beverage Awatlon
| Oil and gas ICT
— Managing risk |
.Process . . Automotive . . Rail General

DNV Fo e ISR 21 5 B R BRL ) 2 S PV R RO R e 2
FUSEE D S I Y cpﬁg'\[gw s~ 7mn -~ B #P Hlaszl*@‘fﬁﬁ‘
FII W FIh o FIUEERR] %5 B9 Riso A= VB4 9 B2 A7 17207 (9 CENER [ 2

i

R E O (e
DNV 7 [ﬁ“ﬁ:“g E-dﬁgﬁgfj’?aliﬁﬁgy[ﬁ :
> 1986 & DNV FﬁJtJF"E BURC K T E Rise f =
> 1990 4 HHII e B R R
1994 = ey B et
1997 F Rise K 5I7* b2 DNV

NS ]

=iy
—
—

vl

2001 & FiThr BER{ B Ja@iﬁpuai%ﬂ(uﬁ# 1991&1995Hﬁmfﬁ'@%%[ﬁﬁd

>
>

>

DNV [y Beerta | (R gt -

> TS R B 3 SR
P B AT 2 SR

>
>

LR DR TN i

T HRIRD o Tt PR O G B EE gt
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DNV 7% TF9 5 22

> RIS [ — | I DNV E R AR s IR T (R TEC)
> hng’nﬁg#— cl;fi‘ ﬁ(pi;f'r

NV 5 EFS Oy B

ajedynIa) 309foid AN

Project Certification phases:

" Sibement of Coigtinncs. B Phase | : Verification of Design Basis
n Phase Il : Verification of Design
) [ ] Phase lll : Manufacturing Survey
i . ] Phase IV : Installation Survey
= Phase V : Commissioning Survey
¢ of Compli ce g Phase VI : In-Service

Each phase will be completed with a

o Statement of Compliance

Statement fCompIiance u Phase |-V => Project Certificate

*

aouBUIUTER
ajedIMID

At e

jul Phase VI => Certificate Maintenance

VI In- Service

il 30 DNV S RS py R BRGEl| fyoeie
EHALRERE g
> T
-REEELE
A
- BT
VA ISR
Al
S R R
e
VEEET

SR

Vv V V V VY VY
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> AR A T R
>
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- et
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s #ﬂ* l—’r“Fq:‘ = RIS
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[-193) =5 qu F< F[ J@ ISR B R (TEC —,«Efﬁéj 7ﬁﬁ~7y DNV ﬂ;;;t%

DUTCH AEEﬁlEII.]ITATIUN COUNCIL RvA @Ik\

The Dutch Accreditation Council RvA, operating as accraditor for inspection bodies,
hereby declares that

Det Norske Veritas Danmark A/S
DNV Global Wind Energy
Hellerup

complies with the accreditation criteria for type A inspection body as described in
ISO/IEC 17020:1998.
The accreditation covers the quality system of the inspection body as well as the
specific activities as described in the authorized annex bearing the accreditation
number.

The aceraditation is valid provided that the inspection body continues to meat the
criteria as laid down by the Dutch Accreditation Council RvA

This certificate with accreditation number:

1193

is granted on 29 June 2006 and is valid until

29 June 2010

The accreditation has been granted for the first time on

29 June 2006

The Chief Executive [

.k, .

e d.G. van der PDBl

Al 31 DNV i)

—"'M

¥ s
> [EC iy
»  DNV-0S-J101 Design of Offshore Wind Turbine Structures 2004
DNV Classification Note 30.4 Foundations 1992
DNV Classification Notes 30.5 Environmental Loading 2000
DNV 0S-C401 Fabrication and Testing of Offshore Structures 2004
DNV RP B401 Cathodic Protection Design 1993
DNV Rules for Planning and Execution of Marine Operations 1996
DNV-0S-C101 Design of Offshore Steel Structures General (LRED Method)
Oct-00
DNV-0S-C502 Design of Concrete Structures Oct-03
DNV-RP-C203-2001 Fatigue Strength Analysis of Offshore Steel Structures
Oct-01
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DNV BER{ER AT 38 = [ et pod i

» a’éﬁl%?fﬁhc R DNV YA~ BRAED ~ IR R R -

> EERIAEE ¢ R DNV EERRATHR (TR I R R T SRR LR
mﬁﬁﬁgo

> BN ¢ HLH R R W . A B S AN

DNV SERHAEE DNV-0S-T101 1 2 (sl I o 20 -

mECE Wi
W= Wi
WL W
W | §2%
?ﬂﬁ]%‘?r W
| R2%; W=
Eﬁfﬁ% e 1 R
[ (SR e T
> EOERPREVIR T REIARRSC M A
> RN A DNV ?;’-*?«[—tfjﬁ” (AR
> AR RCR R AR ] [
> ST R R R T A
>

R 3= H Y R AL e ’?’Tléﬁ":ﬁj’i?%ﬂ'ﬁ'ﬁln i

TV~ ASEER e LTRSS (DNV-0S-T101) % 2004 & 58 7 » FIf4% 2007 & 4 7137
i AR T

SITE EXTERNAL
CONDITIONS
DESIGHN BASIS

\’l

INTEGRATED LOAD
MNALY S

H WIND TURBINE SITE
. 4 SPECIFIC DESIGN FOUNDATION DESIGN
-
uuuuuuuuu FOUNDATION
g E 5 '| MANUFACTURING | MANUFACTURING
i
£° I T

INSTALLATION INSTALLATION

e ——— FINAL EVALUATION

WIND TURBINE | | FOUNDATION ‘

OPERATION AND
MAINTENANCE

[p 32 B AP
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TRIBIN IR EIVF TR AR R [F‘F’—ﬂﬁ[ﬂ AEEES
?BRM@ AR I RS - Rise EHEF”FF[ isES @Fﬁ | Niels- Erlc Clausen]‘ﬁH
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) 4T 2007 % > Rise B HRRA T 1 H PIDIAFRE G NGRS FR P SHDTU) -
985 DTU 77 pufitad .
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> PR TR e e R [T IR ) HawC-2 % FlexS

> EAFREESI T {7 ] HawCStab fifl
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BB IRV 1AV > Sten Frandsen®t20075 3R AR R0 % & SR B HERG
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- PE%%I%EIHQW‘L’% % E[J?Ff,HAVDIl\/I * Bottleneck ®UpWind °

YV V.V VYV V V VY

35



>

Height

Turbulent
fluctuations

Mean wind speed | |

S |
[# 33 Frandsen Tﬁ4 E R E NI

Ri s @& IVESH B0 fef ElJf,L&so Syd ~ Middelgrunden * Omg Stalgrunde ~ Vindeby -

Gedser Land ~ Redsand ~ Horns Rev > ﬁ'ﬁﬁ'*f@'ﬂﬁﬁ q%ﬂ'

8.5 ' ' . —
P Offshore monitering site ’*"é%
(ELSAM)
89 W Offsh itoring sit e
shore monitoring site
(for E2 by Rise) __/( 4&% SWEDEN
7.5 s '

Yoo ” L_%

7.01 / \7/_‘7 / ¢ 3
Laeso Syd \1
- —

.&% =
{ *

65{ | ~— § s
| . : I'
S g g

6.0- k;} é -5y runden |

/Horms Rev
55® —
de

RO
5.0+
dser Land

457 e -
5_‘3 ;”\\_/Ef"gRedsand

80 85 90 95 100 105 110 115 120 125 13.0
Longitude (°E)

&_
W la:

am

[l 34Riso ! Eff%ﬁ%ﬁel R I

EC-ASEAN ZUfj= & » F T~ @A RS 5 TRV 7 45T AT R

[{ > TIED 2005 £ 2 #1~2006 12 %) » = RIF PR 7 15 53 FTATA R ) P
U B A A Rl &fﬁ—“ﬂﬁwaﬂz‘[ﬁi?{ B AIIR = % -

SRS BT Riso U EHBEDT IR

36



2 B R EI

SN

[l fal

[

B R TR AR, — P = D [

Lé

TR

ﬁ%ﬁﬁﬁk%ﬁﬁ@aﬁnﬁﬂﬁ’fﬁﬁwu@@ﬁ‘gu
A WA B e B

K

HER T PR PVEERNN R RO EI T R 0 W 0 BRAR Y07
B et A A [V :TIFL BhUAIVE G (USO) FIVEGTES - F | 3R gVEIF[ﬁ( VB
il B ST e BB L A i 1 (L
@‘*}J%ﬁl@?‘é S| Q?EIEEIEHTE‘“ Jﬁkg%ﬂ%ﬁ ﬁ[ﬂﬂyr‘gn
U HEH rff | Bt B PR ?E&*L'B‘z“ui'ﬂ‘ﬂi
Pl /?TJF ‘T—pukv—ﬁflﬁf"ﬁirﬁ1ﬁf}liﬁr PVF TR > W F“jHVDCﬂJff
; f «Frjrﬁ%ﬁuﬁyﬂiﬁruglj\(rﬁa eI e Jagajfﬂjgci
R L }E,q&ﬁ'i SRR [~ R E ﬂl[%ﬁ}iﬁ’m“jﬁp@ﬁgﬁ 11 g
ITENH A A B
AR Y 7 b ff}}EILJ[E&I%;'I;aV;pJE,@{r%E[f@[j% Y H R
o fol St SRR T S lﬁfi?ﬂ » = i’ﬁ%‘ﬁéfiﬁﬂiﬁﬁﬁ*ﬁﬁ
b:ﬁ[%ﬁi%ﬁﬁ qipeﬂ @@Epfﬂ L O B R R A R o 1

S R ﬁﬂfﬁ%ﬁﬁﬁbﬂ’&ﬁﬁf; lﬁﬁﬁ Al

R

T BT T © ST BB o 2 RS o
ﬁwﬁ% (BB e )

R AR |

TR LR 138 ST B 0 O3 (A ey

4 iﬁﬁf

ﬁ,fa;u he ]!,*IEFEI r—prnj-%

AR Flgr

5??“W3 EURO 3500 ( 7 RAFEFY) » “ B b6~ i %20

Sy ISR S BT ARSE Y o s - gl gt o ==l o ] -

[fi! 35 SEAAA IV EC ]
37




215 VRS Ll BT

[l 36 FFIAR I F [ BT 045

Rise feme 1/ BEH EJ! LB TRSHERIIAN ~ BRI BER BRI - JRT 2002 F R
7./ Horns Rev BEH 14~20 2 El > %H\?réﬁil% MBS 80 L -
Middelgrunden

S0 (001: 20 x 2 MW,
1.5-2.5 km off-shore

Horns Rev
2002

80 x 2 MW
14-20 km
off-shore

Vindeby
1991: 11 x 450kW,
2-3 km off-shore

Tung Knob
1995: 10 x 500kW,
5 -6 km off-shore
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Type Certificate
Site Assessment Foundation design Installation
evaluation Evaluation

Mandatory
Man datory Partly
Mandatory
FProject Certificate O&M surveillance
Partly
Mandatory
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1. 2 sites on West Lolland (Kappel
| og Kappel Il)

2. 1 near Asnzs Power Station

{Kalundborg)

1 near Esbjerg Havn

1 in Nissum Bredning (near

‘Cheminova’)

5. 1 north of Limfjorden ved
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B Blade

W Blade bearing

W Hydraulic pitch actuator
Il Hub cover

H Hub

B Active yaw control

Il Tower

I Main shaft with two
bearing houses

I Shock absorbers
Il Gearbox
Il Main disc brake
M Nacelle support frame
[l Transmission:
High speed shaft
Il Doubly-fed generator
I Transformer

Il Anemometer and wind
vane

[l Top controller
W Nacelle cover

L S e DR

q%‘ﬂ 45 Gamesa G90-2. OMW & 485~ I'frFﬁEaﬂ'

Wind spaad m/s

[l 46 G90-2. OMW et | AB§fiospey |t

(90-2. OMW /2t | 85451 i -

<" - -Diameter 90 m

Swept area 6,362 m’

Rotational speed
Rotational direction
Weight (incl. Hub)

Top head mass

#H - _Number of blades 3
Length 44 m
Airfoils DU (Delft University) + FFA-W3

9.0 - 19.0 rpm

Clock Wise (front view)

Approx. 36 T

Approx. 106 T
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POWER CURVE

Speed (m/s)

18-21

Power (kW)

21.3
849
197.3
363.8
594.9
800.8
1274.4
1633.0
1863.0
1960.4
1990.4
1997.9
1999.6
1999.9
2000.0
2000.0



Material Preimpregnated epoxy glass fiber + carbon fiber
Total blade weight 5,800 kg
%%#E——Modular type Height  Weight

3 sections 67 m* 153 T

4 sections 78m 203 T

5 sections 100 m 255 T
@5%ﬁfﬁl—Type 1 planetary stage /

2 parallel stages
Ratio 1:100.5 (50 Hz)
1:120.5 (60 Hz)
Cooling 01l pump with oil cooler

01l heater 2.2 kW

38 —Type Doubly-fed machine
Rated power 2.0 Mw
Voltage 690 V ac
Frequency 50 Hz / 60 Hz
Protecction class [P 54
Number of poles 4

Rotational speed 900:1,900 rpm (rated 1,680 rpm) (50 Hz)
1,080:2,280 rpm (rated 2,016 rpm) (60 Hz)
Rated Stator Current 1,500 A @ 690 V
Power factor (standard) 0.98 CAP - 0.96 IND at partial loads and
1 at nominal power.*
Power factor (optional) 0.95CAP - 0.95 IND throughout the power

range.
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3.6 CENER F[# fifBi% # RS

CENER(The National Renewable Energy Centre)#['I CIEMAT(the Ministry of
Education and Science and the Research Centre for Energy, Environment and
Technology) ~ the Government of Navarra ~ the Ministry of Industry, Tourism and
Trade Z7HTAE HEY» 4% 2001 & A% F - H E@Fﬁiﬁ?’?} A Hziﬁﬁﬁiﬁf«?@«m}?ﬁjﬁiwﬁ Ext
Ffl1e EE‘JTJCEJ[JFE&FJEE“QF”I@&E?%? VEIEFEE TR PHEETE | peRpuR S A
M 2008 & AUFHETED 23M [ 7 - ELF[F &R 4|FF60% » 2001~2008 F fusfflevEEsE
Z[90 M7 ° Mﬁf "+ Sarriguren > £ Jﬂ?ﬂﬂﬁﬁ%%ﬁt L7 Sanguesa » Y- [RU BT
Sis oI ’MH i Aoiz > pIVH T FUEBEIA Sevilla ]%E |BETE

¢F"5Lﬂt 457~ = CENER %FHJEIQFE[FLJEﬁ@ > PGPS = (- GRATEE! Teronimo
Camacho Perea “4 - E’ﬁ%ﬁﬁ%ﬁ'éﬁ(ﬁ%ﬁfﬁé ﬁﬁ??ﬁ;i‘ﬁ,’b Julia Elizalde Urmeneta ’J
i~ PP e RS Maurizio Colombo A2~ “NpAf [}ﬁﬂﬁiiﬁ' Eduardo Aznar
Zozayo 4= F L -

[4013) _
Gobierno
% de Navarra

m MINISTERIO
DE INDUSTRIA, TURISMO
¥ COMERCIO

séener

centro nacional de energias renovables

FUNDACION CENER CIEMAT
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Wind Turbine Test Laboratory
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Liquid storage
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SPANISH PAVILION EXPO 2008

ITER —~CADARACHE OFFICE TENDER NEW COURTS IN TENERIFE

ﬁgﬁl 55 JEfUTE 2

3.7 GL (Germanischer Lloyd) &7 J,_ﬁF%T“ ?[SFIF

GL (Germanischer Lloyd) ?Fiﬁ?f B > FIR] GL (Germanischer Lloyd) FirfE-
0T OIS TS SRR~ 12 R CROPSEER) ~ #FAR 5 TR SR
%fﬂ%’ﬂ’?%j/ﬁ”%ﬁtﬁﬂjﬂlﬁé ° lMEf e SRR 1R S Mr Chrlstlan
Nath (Mg 7§ > Mr. Christian Nath &5 TEJ‘“*D%:};E‘EIR% g e RO
T RS R ] 2R I[ES«I_‘\@_"LIF%H | GL (Germanischer Lloyd) F|% Fjbimﬁfflf ’
P Montréal =2 Helimix (it SCBUPO{IAF=E Helimix 585t £ 2 fedRrffif] -
b1 7 Kaiser-Wilhelm-Koog ® Ibérica I%‘“E Cﬁ"}@ﬁ%ﬁ%iﬂﬂ?ﬁﬁz’; °

GL (Germanischer Lloyd) 1977 & [ilffix& e ] Jéﬁ%ﬁ{“}ﬁ'wﬁlﬂ_ (B> 1980 &
HEES Cﬁ“'}@ﬁ%ﬁ%ﬁ?ﬁﬁ:’ﬁj [ 1984 F 7% Kaiser-Wilhelm-Koog EJPellworm ]%j =%
BRI > 1986 £ S Y AT (S 1994 5 BFAE BER R I 0 525 S 48
@%&I@“'J@E%ﬁ’?@ﬁ'w T [0 2007 2B Hel imix (7 ©

GL(Germanischer Lloyd) fiVElf f[ fif] rfﬁ—Z]UFE'FTﬁJE JF%%T FIE jj’%lnﬂﬁﬂf%?w ’
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Design Assessment mﬂﬂ“gﬂ"e"t vIoype Testing

' Site- ' %SPW“_‘C | ,ﬁ'nﬁfacturing t“l‘i-inapn:-' II‘::I:; &

Assessment Design Assessment Surveillance i
_ Commissioning

"él""iudic Monitoring

Il 56 T AR R bR A

Fl’?é'léj'l%‘?fﬁﬁ( Design Assessment ) /F%‘%F:’Il'ﬁl ( Design Evaluation )

R FL c[Ji"F[
> F‘fl%&fﬂil%(Load Assumptions)
> = £k (Safety System)
> §H- 4 (Rotor Blades)
> BESHAT % (Machinery Components)

> ,rl—,\ElﬂlﬁLﬁ_E‘(Tower and Foundation)

A\

i S (Electrical Installations)

> EVETAIESHEE (Hub and Nacelle Cover)
» ZF 5l (Commissioning Witnessing)= o

é@?f‘F[ﬁllyﬂﬁT (Development Accompanying Assessment, DAA) 3k » EI | IS
G SRR~ g ‘*Jsﬁl’%ﬁ ‘ﬂﬁ'?ﬁ@ﬁﬂ'ﬁﬁﬁ e Mg R o | ’%F'JLJF@
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Without DAA

Certification
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' : »  Time

Certifi !
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approach) : ) gained !
: A » Time
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BT

"EJF—%JE@%*EW%M P R AT &%ﬁ-’ﬁéﬁ?@ﬁwﬁ@fw FFRrgp™

BT RS E%BEJ?“F%FI* ’ —lﬁfﬁ“ﬁ BB SR P E -

it B PR Y

* DIBt Guideline

* NVN 11400-0/A1(2005) / IEC WTO1

* Danish Energy authority's Executive order 1018 (2007)

e TAPS 2000

e IEC WTO1 (2001)

* GL-Guideline 2003/2004

e ] TR R [ B R

* [EC 61400-1Edition 2.0/3.0 (1999 / 2005), Part 1: Design requirements

e JEC61400-2 Edition 2.0 (2006-03), Part 2: Design requirements for small
wind turbines

e ISO 81400-4:2005, Wind turbines, Part 4: Design and specification of
gearboxes

e JEC 61400-11 Consolidated Edition 2.1 (incl. aml) (2006-11) Part 11:
Acoustic noise measurement techniques

e JEC 61400-12-1 Edition 1.0 (2005-12) Part 12-1: Power performance
measurements of electricity producing wind turbines

e JEC/TS 61400-13 Edition 1.0 (2001-06) Part 13: Measurement of mechanical
loads

* EC/TS 61400-14 Edition 1.0 (2005-03) Part 14: Declaration of apparent
sound power level and tonality values

* [EC 61400-21 Edition 1.0 (2001-12), Part 21: Measurement and assessment
of power quality characteristics of grid connected wind turbines

* IEC/TS 61400-23 Edition 1.0 (2001-04) Part 23: Full-scale structural
testing of rotor blades

* [EC/TR 61400-24 Edition 1.0 (2002-07) Part 24: Lightning protection

* [EC 61400-25-1 Edition 1.0 (2006-12) Part 25-1: Communications for
monitoring and control of wind power plants Overall description of
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principles and models

* [EC 61400-25-2 Edition 1.0 (2006-12) Part 25-2: Communications for
monitoring and control of wind power plants Information models

* [EC 61400-25-3 Edition 1.0 (2006-12) Part 25-3: Communications for
monitoring and control of wind power plants Information exchange models

e [EC 61400-25-5 Edition 1.0 (2006-12) Part 25-5: Communications for

monitoring and control of wind power plants Conformance testing
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3.9 Windtest [if_HE|- )1 51 Frp$ IR

= *’%F fiwindtest grevenbroich gmbh » [ Ell?ifr, flJ Eers Monika Kraemer
H'ﬁ'l}%ﬁﬁ Mrs. Monika Kraemers 1‘hTF7, PPN T JJ@%{%}FI SNE=3 FL
ﬁ?lﬁffl AP 173 g [l HE19965 » = Rl SRELT ~ F 2 il B
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2 IR

1996:Foundation of windtest grevenbroich gmbh

1997:4 employees, start of operation and construction of test site
infra structure

1998:Erection of the first 3 WEC: DeWind D4, Suidwind S-50, GE Wind
Energy TZ-750

1999:Erection of 4. WEC: DeWind D6

2000:10 employees, erection of 5. und 6. WEC: GE Wind Energy 1.5s1
and Nordex N-80 (inauguration by chancellor Gerhard
Schroder)

2001:Erection of 7. WEC: Vestas NM82/1650

2003:20 employees, erection of 8. WEC: REpower MM82  DAR
Accredited for 15 services by IEC 17025

2004:International approach: India, Brazil, South-Korea, US,
France, Poland, Greece, Turkey, Finnland

2008 * Next generation of prototyps on our test side
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