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Document, CMID) Inspections... % o

%3t 353 (Design Consultancy) — 4o @ #r4sB23%3t ~ R AR EE - B EA M
R BAEFM.FE -

4 #5 o #7 (Structural Analysis) — 4o @ — AR HE A7 SL3% 3T ~ 45 T IGHLIRAE ~ B
FE o RHE M .F

#4472 (Integrity Management) — 4o @ & 4 -8 #7 s AR 5~ B o ik B AR &~
RIENRR AR ELF

) f& & 4 (Dynamic Positioning) — & & & 4 & /1 346 ~ &k 24 X 247 (Failure
Modes and Effects Analysis, FMEA) ~ 41 & #t /7 4% % (Crew Competency Assurance) -
SRS By A& T F ... 5 o

# 78 (Software) — & E 5t ~ FM o ~ BTHLMH - RFEEFHTERKELH
%72 MR A5 (Legal Services)— # R.3& ~ MAASR & ~ FH B E IR - 8RR -
BERERE.HF -

¥ 32 4F (Marine Operations) — &% 2 R K, ~ BAFH# ~ 15 T3 ~ BF WA
Z 3% 7 (Afloat Analysis) — 48 & M 547 ~ R A B 547~ BRSO AT IR F o
B A 72 (Risk Studies) — ] BF 3 4F ~ st 3% B 3F 45 ~ & F PR (HAZID) & £ #1 7T
FAEMEHAZOP) R 22 Ef5]... 5 o
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BEHARE  ABRREIBHALRZETEZE R Mt LA BERREGEE
MASEE > RENERAETE > ESHE LM AEREFREEE S
PREBABENERELRTLAEREIZ A BN ITERSHRAET
NELEEARGM RF T EEHSH BT ALSEH s ART LAEGR
LYE)CM £ R A1F > £EE —FERGEFREEL I - GFad L LH4)

4 Global Maritime $2 B g & %% AL E 5 Z 0 1Eh ook

(BEMERFAHMBEAESERERARRELIEME - MEEALE T ERE PR

EREFUTE ~ HEEAFTEBRA P oA BRALEF K ~ Global Maritime #.47& Egil

Kvannli~ R BRIAR B E - MEEASERENAR KRR T OREREFT K B E
AEEBETRHR T R EFHITK)

14



% 6 #£3 Global Maritime 2 ¢ A B % %

4 B4 kA%
Egil Kvannli Global Maritime AT R
Anna Keen Global Maritime R 42 3T
Steven Foong Global Maritime B RME E R R e
Neil Walker Global Maritime HEH EIREIE

B 5 4& Green Giraffe (GG) # REBAMES%EE

Green Giraffe sz 37 2010 4 > & — LMY T MB LR m  LENTHA
AERAB IR A B E R AR B 5 & 1 GW s E KB fE ke 17 GW R LR35 %
E&% o RN ERE ML - BT DRI EZBRRE £BELFRE
O R EAAEMRRE > EHBRREN EPATEBAL > BUTHK L 150 /gt
EE Ky 2 ames R BGMEa a8k dmiE 40 Al k> AR R THE
MTeh xRS o

EIEBREE  ARARE R BAECRARTB LA I EAMFR LH60 %28
YANB BASEREMMBRE  SHTE - HHREEAS RHEZE - SHEY
RAFIBRF o sbobh > IR A LIRS ~ B E RS~ KGAE - £ F R F AR
BT U FTER -

EBRREEEAT BMBEASEEETRITE T E WAL (due diligence) sy T
1f > Green Giraffe £ 5 T @ EHY &R > LRERHWYAFZET > HEEALGER
A % 81 Green Giraffe 58 T A E B4k MERRERNESMAEHBE T - &
Hd RSB SHYEE % F Green Giraffe R RIS &b ey B35 R EMH2BAS

15
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By s sty MBIN AT R ek iEo1F > BBR N TREY  EEAN 2 HRKE
PARTHAEEREETABELZARARE T X REZBNLBBBZIRBER
Ml ERA » AR B B AERRRME - £EEAEASWMALNTLE - IR TR
T BN ITRAGACREBFEZERMAL » WA RREFTHRM

5 Green Giraffe #4 Jérébme Guillet 4242 32 &) X % 32,80 Green Giraffe ¥ =

16



B 7 Green Giraffe $284 H ;£ A & & &5 IR %5 Z MoU

(& £ 24 » % & Green Giraffe 484232 Jérome Guillet ~ K5 2[8A% 5Kk ~ MEEAS
4 2 T IR A R A8 T R)
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% 7 ##3 GreenGiraffesfi ¢ AB % &

W 4 B4 A
Jérdme Guillet Green Giraffe 4o 438
William Jackson Green Giraffe Jé Pl
Mikael Chapel Green Giraffe JéR P
Elodie Colliard Green Giraffe Jé Pl

B AeRARSIRERR

BEARSGIKERRRKAKEREZEATRERAAARREGEBRARTERR LD &
MR AAMRE - EHAHLEFRRXIERAR ST 2B A EREROY
AT BEFEARFHBEEREEREGAIARLATED EIRA - H > BikILE
BHEREBAZRAR > REREAREBEK EE MmN " Bk F ki@ Mt £ (Registered
Traveller Service » RTS) > ARG A B EERFTMEFERM -

AEBIAEHRAEIRERFEREKZE AWK EHETAFESF L F @R
ARERIFNE  mEEHELRETARAFHERTWHHT » 2B ITEH R
Global Maritime ~ Green Giraffe ~ London Offshore Consultant 7 s&x, MOU % # - 25 ] Bx

E B SRR 0 B BB T3 Andrew Rosindell 3% B AT R @Kk - KB A

R ERMMFRA A THRNGFEHEAARRRA LS RANKE -
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45

)
S

.

8 EBEEHSERERRGABRMBGNMIRERE/ERNE

9 AAEPHEAKGE)FEHRAKELENREL(L) ¥5i8 Andrew Rosindell 3% B (F)
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% 8 BEIARKARBEGTABRLE

LA B 4 A%

PRk 4 BB SR AR B X &

RHE BB SR ER Br 3 24X &

=38y BEREASIERERRETE A -k

FH £ B E SR AR EH A —HBERF

HEE EERE SR ERREKEA —FRERE
=Z-9R68 (B=)

B %3 E.ON & London Offshore Consultant (LOC) i REAE# S4E

B

Rampion # 7 B35 a7 3% B & & U A7 B (Sussex) @ s BIGIEREF £ 4
132 25 02 > KRKRH 19 £ 39 K > KA A A EAE(Monopile) > Azt # 116 4
MHI Vestas V112 J& /; 25 & # 480 48 B 25 LA A 400MW > B 25 7 A B e R E 2 E.ON
8]0 BATIE RN ME & FASHA 2018 FIE K 3 o R AR B R A B Edirfs (Crew
Transfer Vessel, CTV) » 4 #7 #5 & Rampion 2 7 &35 8 23 > 2B R R &5 8% -
f4edy E.ON &y 8k 7 B AE 25 & 2232 Giles Sibun ~ B 28 2232 Chris Tomlinson ~ T f2 43¢
Naren Mistry & ¥ ##5 & 4232 Burkhard Seif 9 %2 3F > FI R A Ay R F > FHa )
# Rampion R 35589582 AR R ILEE N3 6428 > B Ay Rampion Ja35 3t JE b
E.ON 23 %454 > {2dy EON 3] & R ¥8 2 MM E - Rampion & 7 &35 69 5

REME 9

20



% 9  Rampion & 7 B35 A K E k&
PR E.ON
B RESRE 400.2 MW
FEBRA 19 f&er T
B # A5 | MHI Vestas Offshore V112-3.45 MW
R A #EE | 116
RAMEE |140 2R
T 7 #4
WS A 80 ~ R
¥R A 112 2R
A K B X (BMEEEE E 4 200 #)
& A% 19-F7 2
KR 19 n R-39 R
AR B 7 3B B 1322252
1 48 2k 400KV #ra2 = % &k > A Twineham
TH L A2 | East Worthing
18 £ 2
g TR *E 19 NE2&17T B
(Export -
Cables) (L2 kN HVAC
TR 150kV
g g 8| KA 142~2
(Array R X MVAC
Cables) ELS 33kV
2 A Rampion Substation
AL EY | A#AK % 2% X (Jacket)

At E g

1050 =




At R 22.5m*18m*43m
TeE=E 2000 =2

GRIZMEE |2

YREBE | 240MVA

%R L 33/150Kv

Bl B 2% 5 33kV & 150kV GIS

Rampion FEIGA AR R & 387 0 FHRAR A RKIE - EON ko F 58
#2382 04 P AR DA B B AT B IR AR B > OGRS ~ IBRME ALY 0 Bl fTERE
B L TR MR R R 0 R E R E AR A FAE F B fRE M 0 EON B2
B I A R AR e T L0k 0 AARB R E e 2 H R A AR 0 B SR @ @R
Rampion # 7 B35 %> 2010 FE46 4R » 7 2014 £ 7 A 16 B » B AR A% 438
IFE X B & Rampion & 7 B35t £ - LR AR R & &R F — B8 7RG

% 10 % Rampion B35 810 R T2 & > E LI 0 TR - #EX - TER
) #2015 SFRAME AT B RN E EXN 2015 F6 A £ 2016 F 12 A% > M
10 BEAF —_MEEF+ AR LEERGE TEHNAREKTESH LR
25 East Worthing £ 400KV #7 & 4 &3k a4 & Twineham o

g Lo TR(LSERBRE - T8k - RAKREE) #2016 F 54
AT - BIGETHREEESGNEAMK - A RE -~ BLEESHAHwE 11 Ao
Mg 116 TRAM - —BEREE - — BB LE T mEASGORIEGEE SR
82 10 X RA#  HthrZr Xl 12 Aiow o
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|:] Dissict Boundaries

Overview of Orahom Cable Route and Stge

S 150000 @AY

Crawing SE0vView o0
ot WHFYI04
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4% 10 Rampion # # &35 B 25 s f2 &

Indicative construction programme overview

2015 2016 2017
M ) | AS O ND | FMAMI]| | ASOND | FMAM]| | ASONTPD

2018
| F M A M

Milestones

Investment decision -
Fully operational

Substation (stage 1)

Civil and enabling works
Mechanical and electrical build
Commissioning

Cable route (stages 2-12)

Topsoil strip, duct installation and reinstatement
Four main horizontal directional drills (HDDs) ﬁ
Cable pulling, jointing and commissioning m

Offshore works [T

Foundation installation
Cable installation
Electrical installation
Turbine installation

Operation & Maintai (0&M) LT[

0O&M base construction :
Wind farm Q&M activity

b

3 g":' w5l

P L

=, B T | iSRS * 116 WTG Final Site Layout

- 4o [ @ L0 LT T " | m offshore Substation Location
o 3 “ - | Tam o e T L | A MetMast

S I T e L LT s et bendy

11 Rampion &k & &35 1% &
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12 Rampion &k 7 J& 35t 5y Y112 7] /5 45 B & 8]

LOC # Rampion &k & &35 B % F £ 4% /8 F 4342 € (Marine Warranty Survey) gy T
P o a) I 1979 S5 B2 R L 6B R RS G EREE T A8 o LOC B ARt
2HR 16 EEEARIHAET  ARURBFEREEZEZF MERMEXZ 6 ER
F XA 13 AT o 248 LOC Group £ % 375 £B A 8 » &3 LOC Group #94%
ST ABER TR 0 Bt 8 T &% 8 (Mariner) ~ 5 3F 142 67 (Naval Architects) -
44 1 42 65 (Structure Engineers) ~ ##% B (Marine Engineers) 5 48 i £ ¥ A L4 ©

B AT %3 LOC @347 60 B8 ARG £ £ MWS R E#RiBI GWEER
T 4HBTEEHELRERREZ65% K5 Y5 HBMW RMZ T 1420 4
3T #UTE 2,001 fdk 7 R B FAREE T 0 8RB R IR 5 4TS 1,678 @
¥ 45 X (Monopile) & % > AR 249 e 4T X &M - mABKEEIN G > LOC 2 815F
TR T 4R R AR 3,800 N E o 484 LOC feila FIREE T IR R LB
14 BB E - 458, LOC R E AL /1 > T AIRFS 8k 7 B35 £ BEAGY TR B F TREARM T
o M ¥4 8 RV, Ahilan & B R3&38 - LOC B A7 & &k 7 B354 FIRE4E T 0 T35
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Bt RH 6 IR BRGEEMREEL TR LOC 4T > 7 —F & LOC 82 3%
B U AAE 0 4130 Bk R R 0k TAR SR 0y 4] 2 1842 0 540 35 B Crown Estate /A &9
8 X T & A 1B 1L 4 45 & (Jack-Up Vessel Optimisation) s & 3# B RenewableUK 2
A o B R B A RS R B FF R T 6 A B 3E 91 3% 15 45 & (Guidelines for the Selection and
Operation of Jack-ups in the Marine Renewable Energy Industry) » LOC . $18k £ &35 &
ARAHAFER LA RAFHEEMA -
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14 Rampion &g £ &35 # 38 F o

SLRET 1 0 & B DU R 2 BIE A8 LS BUR Y 0 12 E.ON 7 2235 B s A
3 # o (Coordinating Center) » 4w B 14 AT » HfAF ol AE R T P EBER SR 7
So iy P EEEEAE L ABRI » AR AT B IRIERE S T 1540 o LIPIT
AR BFE O BAE M B AR ARSI E B THRR G 8RB TER 6y R PR
¥ o (@B L)
RABNEEEALE AL BRMRET 8 LOC 5F T &1EH 54 MOU > #
AR B LOC A2 HKY T B FMELHET XL A6 —REHHERTHEE -
EmE B LOC 3] k8 g% R SAE R K A=
LB —P & FAs 7 107 £ h 3B LOC NI REH TIGER  EENEE
EANTS T RBRIBATHFREETHBRRETER -
2. BB EBENEERARKE LOC N LR AaREEREETHY b
C 5] AE H R — Rl4R 4t & 4 B 7 B35 i F IR 48 T IRFS » 88 1E
BREFEFREECREFATBRBLANTE I R EMBITELESEHE -
B.EZMAEMNARNEEEIALEABE LOC 23] A BMrBi s - A R3a)F
X—Flia k¥ -

\\

5%1



o BYTE @ G5
ioc @Ik © Em

Signing of the Memorandum A i * a , . 4 ‘ . / | A
of Understanding - > y - ’" =
LOC-GROUPC
RENEWABLES

15 LOC 2R g E ¥ 5 AR B X B O S48k

(BamMERFAHEELBERARIREGIEREK  YRBATCHRABREFTR AR 2 A
% & ~ LOC #47 &k Andrew Squire ~ 8§ X EN A RBBR T CREREF K ~ 6%
TFAR T BFHTR)
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% 11 #3EON RLOCHG@ABLE

W 4 B4 B A%
Andrew Squire LOC AT R
Michael Frampton LOC EX
R. V. Ahilan LOC A4 ft R BT 3538 3R 4B
Kent Fong Wai Keong LOC &k 7 =& 3f P 4E
Emma Winsey LOC 35 4 % 3 P g3
Baigian Jiang LOC 5 E T AZED
Peter Croll LOC B
Emily McGrath LOC BEITHAE
Giles Sibun E.ON & 7 Jal At 25 & 31 & 3E
Chris Tomlinson E.ON Bf %2R %37
Burkhard Seif E.ON 7 %2 & 31 4% 3%
Naren Mistry EON T2 4@ 19
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w978 (Aw)

B 5 4& K2Management (K2) # BB AHBESHEE
K2 Management & wfr %A 9 g & E 5 25 & 5 49 Lars K.Hammershgj 2 & Per K.
Melgaard s 37> 2007 4 » & — FIG L9 RA R 2 3] o £ 23K 10 B B R ey 3526 £ A 4238
110 B - K2 B8P~ Eih - TERZETRANEE  EH&EHEEKLE 35
BB %
K2 ARIARECLHET 25A2E 1000 Ay REE AL FEF T 178 My
BetE 139 AnEEA S T ERBYYRIHBEAB LT -
>  F# %4 Development Support
WRAHEAREEEEALTRME ZZT - FHRGEEEEK -
BRI RO REBAM T YR AR - ROHNEE.. F > FETKR
AOBEEBERNER - —2—BEEHFT > TE - BEEFFRARERASE
ERANEIRGE -
> @iz # Construction & Installation
TR RFFRRAER AR AGHaR A EZE TR ERGTIER
NHGERERRAGEA - MAAFGFZTEIHEREIEAH RS LB (risk)
#oym(interface) 232 » MAHFRZAZEBAE AR - 2T HREETHR
BRI ER ~ Fo ok D & 2N R BAE R R AT A 6 BT -
> & & & Asset Management
FEAFERAZBIALEARGOETARY  ETARARENREER - &
18 B 15 3 SR A AR A TR T AR B AR o B R B IRFS 13K 0 R R AEE AR AR
AR By EAF > o RIBF SRR R 0 BRI RB &1L -
> Zm3 % Due Diligence
FERROBERARER AL FEE2ReBMAREMBMIFTEOKRE -
THEDROENFESFGAK - EMALN AR SR LWR I FEHRN > EFE
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R F B E R £% S ERSNETE > SRS EEARTUFRTHNE
RERENAOES > BURTFEESGEERNOBE -

REZFEHEEMAOAL > 04T K2 £REAIPA Lars KHammershgj ~ #4471 &
Henrik Stamer 22 % 48 4232 Axel Juhnke- &7 K2 42 2005 4 B 34 41 7 4 % Formosa
(B E) % — ezt £ > BEREHOER > 8 TR ERIFE » BRI ER eyt
Bl fo B R E I~ R SRR RSB ER T RRE  ARAEET
Fra g aVE Rt o B THRIFERBESEERRE R = FBENBMTE DN » K2 45
ZHE IR AR B F W 48 (Maritime Museum) i 47 &5 S 45 55 B 485 >  AfEUK A F
BASTCRMBEAEHREERRRARE  ERARHRALHROLET » £ K2 %
R ERA o #d K2 ©F % RAR B T A fk B 6948 B &8 > 92 H @ AT Bl A 4F o
ABENGINRREREINLBEMBERCALEYRLEE  Bd K2BXHEH > #
BARRBETRY » BARRBETEEFEATTRER » ARERZ I ERH
BRMTREA -

16 K2 N &£ EAER S EA1EH 54

(BAZAKRFAHMEEATREBRA P OHMBAEEFE - K2 347 & Henrik Stamer
A~ RBBPEAE - MEEASBEHERATIRELEEIEBRE)
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B 17 AR AL KA EEATRBRA T SHBRETENEESEHS
SRAT 0 343 o 18 & K2 #h47 & Henrik Stamer st 4 3780 K2 ¥ %551 & &2 2|k # 4
REATHIRIA °

18 K2 347 & Henrik Stamer st 4 (£) 8 & & fr 2k ¥k 8 &k (&) 3R 3 A
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(12 A K2AGABLE

4 ¥ fir B A%
Lars K.Hammershgj K2 B3 A
Henrik Stamer K2 AT K
Axel Juhnke K2 4o 3

B #e¢4&® Fraunhofer IWES & A BB S H42 R EHRE

ORTHEAASMNBELIERTTALE T EATER ¥ SR HMAEE /427
KERERI AR BRMB LA BB RIRTRE WAL L 6 A# Fraunhofer
IWES & 5 #4448 8 /71 52 03 F 8 £ 235 > #2 Fraunhofer IWES /3] 3% 47 2 P 42 32
Torben Jersch & Fraunhofer IWES 44 £8 1 /7 42 83X F 5 = 2 22 B g Idom 2 3] & ABB
WA NBEHE N BT SRR T REFEEZIRMRE TREZIZMEL K
B w B S AT 0 28 Fraunhofer IWES €8 w22 B 485 > 4T B N B A7
ERBNEEZ RN R N RRZ AR TR MABRRNEBLETREX
2%

Fraunhofer IWES /3 4% # Fraunhofer Institute for Wind Energy and Energy
System Technology > L& B A kMg > AT F o R E 22 ERER A AR
Mt ENBZaERN B TRARBAF TSI M E8% - AAEERERE LA
o E s BB TRBRAH NEER OG- R EESHhar s
T e M aE RIRAo 34 ~ RO Ao G F R E RS ~ SBREE - fERE L &
B HT o

Fraunhofer IWES 1F B &l & 4833 B IR TR R 0957 Ttk R A S i 0 B ) kg 4a
B RERTEE AR FEN 2015 FREE TR XBHAZEFAL 3500 et &
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BB B FR BT ARE) 1,850 BER L 0 B EMIRILEA 6 ETAEZEFBEAIZERE R 24
B8 T 267 o XX EZMRME T
* Force application: dynamic application of 20 MNm bending moment, ca. 2 MN
thrust forces
*Dynamic 0-2 Hz
*Motor : 2 X 5 MW continuous power
Nominal torque: 8,6 MNm
Motor speed: £ 25 rpm
Overload torque: 13 MNm
* Artificial network with 40 MVA installed inverter power

» Measurements: more than 600 synchronous, high resolution measuring channels

Gridsimulator Based on 4x ABB ACS6000Gridsimulator Based on 4x ABB ACS6000

*(rid load simulation : LVRT & HVRT

*Nominal voltage level :

Nominal tapping: 10 kV - 20 kV - 36 kV
HVRT tapping: 13 kV - 26 kV - 46.8 kV
LVRT capability: to OV

BEBER A 4T AT Z B RAL TR B 603 AR BRI s AR R R
LB ~ XETERE/ oM ~ THEEBRBR - BEABERBZIWERR -

(¥4 Bk 5 R )

34



Nacelle test rig

Hydraulics

Further test rigs

-t

19 IWES Nacelle;]3:X 354 &~ Z B (IWESE# B R )
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20 IWES NacelleR] 335 £ R 40 #% 8%

21 IWES Nacelle:) 335 2% # % £ (IWESE #H B R )
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22 IWES Nacelle®) /; 428 :8:% % (IWESE M E k)

Key point:
{ 10 MW Motor

. . Load licati t
Test Bench — Overview - Inside e

ST
=4
27
\
[ Hubgerist | | ¢ LowxH (18x12x13 m)
<
T 7,
~

44 MVA Grid Simulation
Drivetrain 5° Inclination
32 Mio Investment

Source: IWES/IDOJ

4 y10  © Fraunhof ~ Fraunhofer
IWES

23 IWES Nacelle®) 77 42 8] X% 5 9 3443
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25 gildom.x 3] 3¢5 B P AL B X ARAE B 7 48R & SR AE
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26 %35 @ $1Fraunhofer ~ ldom/» 3) R ABB/A 38 A B &%

(BEZERFAHBMBEANGBREERARRKEGEN -MEEALE T ERAR T OHR

ERBBTR - ASHBMEEIERE - HBAEALBE LM R P ofME-Fak - ABB

NG 453K E R 538 Kai Pietilaginen~ (4 E A AL B T ¥ X F o5 PR E ABB »

3] 23K & L& 32 Ester Guidi~ IDOM /3] Dr. Armando Bilbao ~ Fraunhofer #; 473 F9 48
¥¥ Torben Jersch)

% 13 #3 Fraunhofer#i ¢ A B % &

¥4 B AR
Torben Jersch Fraunhofer 47 2f 432
Kai Pietilaeinen ABB 47k J& A 3 %% 3%
Ester Guidi ABB 23k & b3 4% 37
Armando Bilbao IDOM 2t i 2% 2+ #2547 31 4
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#9488 (BAR)
W 75 ¢4& B % ¥ 5 (Bundesamt fiir Seeschifffahrt und Hydrographie,

BSH)

BSH H 48 3R i 1F - A & B8 H &8 &7 #4338 (Exclusive Economic Zone, EEZ)
P EEHMM - RAEZBRLEREBRYEBENMERRETHREFEZE i1 d
BSH & & -

BSH &t $1 iz A3 7 R AE AR AZ > NEBTHE L NG T iR .

1. Minimum requirements concerning the constructive design of offshore structures

within the Exclusive Economic Zone (EEZ), 2015.
2. Ground Investigation for offshore wind energy, 2014.

3. Design of Offshore Wind Turbines, 2007.

4. The 3rd update of the German version of the “Standard for Environmental Impact
Assessment”, 2013.

BSH 1R Z—AbMF > RE TR EGHEF MG BbkthB s £ TRAY
AL F R RER  BARAMEXRERUERAAZHARFELEFTR ML
BEWARE G TR RAME BEERNAE - BERENAL - REE
R 2 B R RSt AR R K42 2001 5 11 A 9 B BSH % =%k #% /& T German Bight
V12 R EER R e RS E > REBG L R alpha ventus - b A R
RIS B P A BT R AR

G % BSH A REBRZ FHMBREF(GWE 27)  MAEGTHT > 8%
LRGSR REBIA LA KEH EE B A KR FAR BSHAR -
H A B bR s 7RG > R B0 BERFABMRFT ORAR o $LkAR > Dr.
Nico Nolte 32 2] > &+ ¥ T Tk > @R ARD RE ST K> RS HiGvT LMy R E -
A e A G E BB Ak R Ry 2~4 N E A BERE AT MG IR W B AR
BEE > THREBBNAENMHRE AR EAGRSENEEESGHERE > £ 4
HETAEADODEEFIIRIK -
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27 BSH E; & Monika Breuch-Moritz (36 32 4) 2 3

RAA PR A KRR S FR Bl ZRELERSE D - RE LD 7 URE
FREFRLE =T EITRR ?7BSH 7R &AORELRNMBNEERIRLTE LN
NG EIR 0 REHH R EGEG BRI ALR > BIG TR M - AR K
AHEHERTFH LR - AIBSHEGERASGHERNBFL L ETEZTRR
ARE SR B R B35 60 5 3E -

28 Dr. Nico Nolte(£ —) ~ %]81 & £ & (+) A & Dr. Manfred Zeiler(£ —)
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e BSH ey 3if » TTIA T MEB B L8 R M e85 > K ERMLWERE
S BESGHMRARE  BREMAFLEBMARS T L E > S B2 B ERIIEE
B3R % wFEBRERTRGRIAE > USRI F I - GFéa BR 2 L4

*) 14 #3% BSH#EH@ AB L ¥

W 4 B4 B A%

Monika Breuch-Moritz BSH VSRS
Mantred Zeiler BSH 4+
Nico Nolte BSH 4+

B AeBRERSLLREAR

B BUE R MER LA R A B AR S REA N EEEAN T
B~ RREBAHFTRIN - MR EETEEBRIA—AHRET > LR2EFSE A >
ES—FARBTHE ER AREBTREATRE P ARINARELNGRITE
AHEYBREEY ESRRALEEA SRR IMBAAANE  MAAREIEEZRE
—RBFEREIFLE T ARG R L BB E R o REUILAG] - HEF
AABEANEEIAESSEBRBREN  ATHBI S B BREZRIEES > £2/ER4
BN FBHERED HAARRER RN RERRATR ok 6758 REA -

AEB A KETRAH LR KB > TERAAEREERRER G EMTEE KRN
FRAE 0BT A 1 3545 B B 48 % F 5 ~K2-DEWI-OCC~TUV SUD~DNV GL >
ATHEAEEREF =T mEay et —F — W T RBREAICH R B AR
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%15 AuBREREENFRRGARLE

b 4 B B A%
737 BERSGILREAREEMFR &k
T Z BRERSIREREEMER e E
Tt E BEi8 B K R R 8 4k
7T F & BEAR B K R R 4 4 BERE

B # & DEWI Offshore Certificate Center GmbH (DEWI OCC) it B, #%

S HESHRR

DEWI OCC s 3L 2003 5 » ALyt 48 B B St 878 > 42 2 3R~ 3040 B 7 R A A
B R F1 B4 69 AR B s B4 2 — - DEWI OCC e 48 B Bl % 38 35 A 4 -DAKKS #3835
EESRAARLBTI0O LB SHBAER FE - 28 d# - PEARB RS
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AR B DA R eI Y A8 B BRE AR S 0 3B 2012 82 UL & f AR N 82— o

UL sk L3 1894 45 » B AH 4818 120 B3 48 50t /N 5] » b E B BREARBRT & %
Reeyns  RRFHEZREAR S CoRAAK ERERUAREREEF  £5
HHEA SR TS ET s m+ B4 0 BT DEWI OCC 144, 3 4 ik is AWS True
power(# A H & AL R Ak E L8 30 ) > DR AR P TS LIRS
FRRBYITAFRB LT !

i B M 2%, 2R 4 3238 (Certification of Turbine or Components)

& 5E ¥ JL w3745 (Assessment of Construction and Foundation)

& % g% (Project Certification)

>

>

>

» 181% » #7(Damage analysis)
>  E#y R %23% & ¥x(Transport and erection surveillance)

> $k#7 & Bk 34 & (Technical Due Diligence)

>  Bt#% 2 838 & (Financial Due Diligence)

BrEfRBE R BGREZRAEN  BRETREEIBIFEERE SRR EH
AZEREERAMRZEARETERE > FRAEELREAL T EL A
DEWI OCC % /b # % 4% Bl % F 5 S & 4k B 32 35 S DAKKS 32T 2 B3 B4 0 s 3
IT8E R R & R orsEayn i o

AR BEGEANERRGEEFR  HAEZHABRRANFEEEXTAL
DEWI-OCC % i MOU 4% % » £ R E@F = Fmrlrk  HEA A B RHbrae ) o
REBTEREATERTRERZI A ERALRE  FARERE ERRARZA
B IARIE > B N e E X LMY TREMASN M T AT EBEER T ¥4
oM ER KBS 114 FE R R ERE ERE 3,000 MW 2 BAZ > REREF
A RERAE R e
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30 W& %2 A8 DEWI-OCC % & MOU 4%
(EABREEALRE T EARBRT CHRERBFIITR -MHAETAEGET TR T
EHAIITR - MEAEIATERBRMA T SCHERESF K - AGHEA LA K ~ DEWI-OCC
44232 Hergen Bolte ~ BB AASERENARABR T CIREREF K ~ MEEAS

4B R A 8 T )

AR DEWI-OCC &1k Wk » WE4HHEE E £RR DB o1 > 03
WEERGGEAEME - BORHE - ZET - BE SN > £ERGNRRRE
o b meBAEEHREN T E oW REANREEENLE - R2ENTE
Mo BRBZEANGIEMFERES H PR EBAECHBHHETERREL6(T£E
{E 3SR B2 B)IA 3 64F - RR%E L & DEWI-OCC #4157 & T8k 7 A5 £ £ FSH
R THBEFAERK b BN E ¥k AL DEWI-OCC — B A #uT & £53E -
DEWI-OCC 324 > § B AAEEY  BALKI AR ERNF TR Y
FE N FAEB AR AEEER MBS R > R BTEREY - BHFEENRLRERK
Mo ARV BENEEREREREAEER  BE—FRIRE = TR T O RE RS
B TR Le1F REE AR T RATMNELRTHYLE - B 31 AKRAHEIHE

i
P RN 5B A Ve S5k 0 1 DEWI-OCC 424222 Hergen Bolte Z 8574479 & -
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B 3l #FCHSHRETLEEME S

(BEEZLEAHEETTRBRYTSCERBFHT R FEBRMAFOHBEALEF K - K5 E A
& B & ~ DEWI-OCC #2432 Hergen Bolte - DEWI-OCC T & 4 & & 148 4435 F9 Holger
Soker ¥ & ~ B E kA & B &R R IR A 48 P R)
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* 16 DEWI-OCC 1 ¢ A8 & ¥

A B fr B AE
Hergen Bolte DEWI-OCC 4o 439
Holger Soker DEWI-OCC ] & 4 & &b $2 48 14 3 Ik

Albert Kriener DEWI-OCC 4 3k 3t 7 J& & 3] K
Thomas Neumann DEWI-OCC #4532 K

Tees Nachtigall DEWI-OCC 4k 7 & & 3f ¥R 3R
R & BN B RRERER R 132

A 98118 ()

B #edhRELEMTIVSID) £ ABAHHESSER

TUV i EEEMZ L LR 405~ B BRE > 39 F0 fo RS Bk 7 45
XEZFREEM ARG ERE A TUV askey i 82— TUV SUD Taiwan
#1992 % 3 - TUV SUD Industry Service T ¥ R# AR ERLZTIVSID £
8 —8F 5] 0 1994 FHE AN AEERERA 0 2008 373 B IG 4E RR Y & LA
2010 42547 pg LB 7 RAE ST T > & ) 3R Bk R RUAE AR B BRSEARAS - B AT TUV SUD
%1% 4% DIN EN ISO/IEC 17065 42 # i@ i 1% Bl 3235 4 4% (DAKKS)32 T a4 B 35 4444 » )
BF AR S B B R B F KR (BSH) ~ 43R 7T B 8k £ B E 35 & R 5ss o) ssE otk
TR IEC BIEAR £ RAE BB G F AKX B (BSH)HAT 8 7 B35 & R o s 47 A
BEHABR R LIERETETERRE -

ssh  TUVSUD £ M A B ERE R AR ERET > £8 7R TAEARA
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TUVSUD £ ETALARK ~ & S EREE - KRE - B~ oBBRA R - BES
BREREEANBAOSEERE  BEEFRAEMNTUVSUD h4isisfdt > ChiRE
WER By B B P S FE LB R R ) e BAR SRR - DA BB 7 R AR AR R Bty 0 3
72016 8 A REMATHR T oy AR MILE -

HARRERBBIAEHERGTAT BRNEEXARTIVSID FETHMHS
Hoo (Wl RMEEZERFAHAEERENARARFTCKREREF R - 64 ETRR
POERBRFPT R LSBT EARBRATCHRERIIIT R - AREHAEAEK ~TUV
SUD % & 42 4% Ferdinand Neuwieser~ ¥ B fs P S HEREET K S &R AL EK)

PR R0 RS AT RO ARS R SHHNEE HETUVSUD »EBE
Aot SRy B R B E 6 Aok L 4 By 0 A B P9 B A ER SR R 7 AR T AR A LR35 35 B ST
1 REREAEBRABBRBS T NS EEE > TUV SUD B #4477 kB HRMTE Rt
PR EERE Lo BRI Ao DI 4R 0 W Bh & AR BE R R AE BRI B R AT 0 A RAR B ARER
REaFEEY T ETEREEE > BOANRREE LT SERG 0 &
Pl R EEX RS B URERRAEEEZSE - REMRTHEEMGBA -
PG ok RRFMMES > R B RABMETEM 2 EME ¥ -
Who EAT 0 & B R A E R IR -
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MoU SIGNING CEREMONY

32 BN &EEEAmTUVSUD %% MOU

(BEEERFHEBRENARART SIREREF R EHETREFT S FHFR
TR -2BIEMARBEFTSCHRERIFBITE -AHEHEAHEK ~TUVSUD £H 4
# Ferdinand Neuwieser ~ ¥ BlEaAs ¥ o AR EEE - S &R AELIEBHFE)

% 17 #u»TUVSUD#a AB £ %8

e A B A TR A
Ferdinand Neuwieser TUVSUD 4R
Alexander Heitmann TUV SUD & 7 & & 3% I E

Malte Lossin TUV SUD & 7 & & 3% T e 32
PREE K TUVSUD LHEBEE
T 4EF TUVSUD R T ki ]
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B FerERFEHDONVGL) £REEFHSHER

DNV 5 BB 4 & ik, L7 1864 4 » My GL & 4% B B A 1 @ A 3L 4> 1867 45 » i BR
M ERILZNE AL THRREEMERAGZL BT —F%—WREEFAN
AL AL AB AR 09 B $2 AR 7T 3 B4 — 69 3P & Au 3R A

DNV 2 GL 1 2013 44 » A& B AT 2t ik K 64 8k 72 &35 48 B A 3B 38 1 4
W ARA 8] o ApHi2 88 DNVGL £ B2k £ A 48:1@ 13,000 % B = » A% 100
BB % fak 7 R 4 48 B 69 sE R (Energy)3r FT#2 23k A 2,300 % B T - RF57R B
QoA RGEERE BFREET - TREMASL - DNV GL A 2RKEGHEN
LERE—REEN o EBFIRTONTAEE SHNEREFZE -

HE 2025 FIEBERBOR © G ME RRE QG BER RS > RAWdEE RS

EERERK > AFERMRRESGA AT FRANZERL T R RES R BRI E
It AR A Rk ¥ H R R 0 AR F R B EEREARS] 0 SRR AR %3
L W REBRBRARELRS > KR RSEERREE R -
K45 AL B X @ E #H AR (Ministry of Transport) 3, & @ #4 R A X B4 RIS T AR EE 5
(BSH) » B BF A& RN ERAASYEE RS EITAENEERE £
¥ DNVGL B A8 EFHRMNEREBIG ZEREF =T REREMZ — HRTHER
24 DNVGL I 2K BB R EAMF S 87 RS FERET S -

EABBRALEHKORET  FTREBRMT S EERENARARTC - 2B T
ERRBEF S EEEFHRBRTCREEEEMRER ¥ DNV GL &4 # Kim Mark
FATAEH S WREAMURANFETRE SN - TERARBEREE DR/
AERBLRM G EI LR E R R ERERE 0 R E 58 R A8 B AR
BREMBBALZFR  EMTHEEBEERTEEIER - GFeBE M2 AHMA)
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34 # DNV GL %1615 S8k

(BAEARKFALEILENARERE T SCHRERIIITR - §EETTHRBPERF
HATR - MEEASEBEBEMRRELIERK ~ AR 2A LK DNV GL 24 %
KimMgrk ~ P BB P OHBREE R - SBRENAERB P OREREFTR)
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* 18 73 DNVGL Y1 ¢ A8 & ¥

Y4 B4 Rk A
Kim Mark DNVGL B 483,
Fabio Pollicino DNVGL 2 3k A 4 fit R 238 AR A5 3R Mk
Steffen Haupt DNVGL # 4 e RAE IR K
Bjornp-Olaf Borth DNVGL EREANE EF R
Per Enggaard DNVGL A 4 s R85 30 CE Ak

+£-~9A8128 (B=~)

B &% 5 3% .o (Polish Centre for Accreditation, PCA)
&% B 383 P . (Polish Centre for Accreditation: B2 F f§ #% PCA)14 /B BUrt 48] 3R P9 o

R ok iR o B R 383 44 4% (National Accreditation Body) » 2 AT & 2 & B A3 ER3E P o 2 32
¥t # (Accreditation Office of the Polish Centre for Testing and Certification) & £ ] ¥
PN F Z AR IEE B F 37835 2 (Calibration Laboratories’ Accreditation Department of the
Central Office of Measures) o 342 = AN AT 89k B2 B RER ARG » BATRTH AN
3T 48 #4 4 (Conformity assessments bodies, CAB) &4 T4k » 33 ¥ % 6,4 4T R R EL AR IE
BERE - R - B3 A LBEMRE - B RRERE B A mPUTRAEE -

v Act of Parliament of 13 April 2016 on conformity assessment systems and market
surveillance (Journal of Laws of 2016, item 542)
v Regulation (EC) No 765/2008
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A8 4 JE 69 B4 B JE A2 B 303 K 4 & (Taiwan Accreditation Foundation » 22 T ff #%
TAF) 2 % B #4 38 3% (accreditation)#4% - MBI A E Mm% > PCA & TAF B AB R T %
7 335 8 9 (International Laboratory Accreditation Cooperation » AT f§ 4% ILAC) & B &
335 3% 38 (International Accreditation Forum » AT f§ 4% IAF)x it & B (Full Members) -
it % % F ILAC 2 IAF 48 B 323E 48 < B 548 Z /K 3% #h 3% (Mutual Recognition
Arrangement > 4% MRA sk Multilateral Recognition Agreement - #§ 4% MLA) > 15] 4o 8]
R - RESER - FEALF -

EHEBBMEREREANKY REARTRZA CEEREAT BATA L T X450
ey CERE ¢

(1) Declaration of conformity / Declaration of compliance ( 5 4 : & Z ) » gk Z

B e fERE > FRGE =7 (N RRARSRERME) F5 > Bt
TURBRAEANEE (FeRHERET) KA -

(2) Certificate of compliance / Certificate of compliance (A MHEZ ) A F =
7 Ak (AR S BIREGEMAR ) RS - AR A BRRIREF R
#EHR TCF Bl Y ELBZF (HEHERE) -

(3) EC Attestation of conformity (x4 EFAMERE) » LAY NEHAE

( Notified Body 5 2 NB) 284 #9358 % » # B A XM > A4 NB 4 A B4
s8 % EC Type &9 CE &8 -

SHETRREMRAE > T AT @ =4
F—RRBGEMAAR C B SN m A 0 BB A N H M 0 T B EC Attestation of
conformity (GRBAZEFAMEBERAEL) (LEF =) - AL RRGF TERBRAN
£ #4% (Notified Body f 5 % NB) Rl:RXfe i Bey3Ed » AICERFTRHH (A& HE
BAE ) B i MR E SRS ARE TR EERE o Bk HRERE K
# (Notified Body f§ % % NB) #8454 CE%E » REAH L HAEWPIAE - #0E
se i DR B —RAAAEL BNRERAA KL c PN RS REERN
AARBERET R T AL R N BT E SR TR E SRR E R E LD BN #AT o
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BREZREHERS HHEk ERARATHEES -

RS BN ARAMAE R SR A e N ERAE SIS B N5 BREREBIRART
Do F — R Bpsa il — 4k > A8 B4 NB3tey ECType 2 E - — & BT » B4
ERFENRRTEARAEARANNEETERERIT ERBZNHATRER S —8 -
HZAREMAE BB NEMEA R NTREETRAEEZETREY CE
#E (LAFE M) ERATHEEHED - 2L HRAAERFTRMNERET EHKR
THERTHAEN CERLEREZARBLHHIRTRER  &F A FREOHE

RN E MR T A A -

RBHNEERYETRE > Shem s NB R EE e EHmEL—REE
HEESAFTEBEENERETRALE R CERE » sbBEEHRKRAEHEHHKA
R RIERI > EREANBRMNOBEHF &R > RLE BBk H PCA LA
MERTYRNB BHEEEXAEET -

PaHR T 4R 0 PCAR TG F RN A B EEA o 4w 35 FFT o
A—BE LG FEAFHK)EE:B EMC B3R 0 3 F 248 Notified Body #48] 3:X5%

Product (ex. Smartphone)

-ro C—
L=

Manufacturer

35 ERmBEARBZ EHHE
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&t ¥ PCA #7325 NB &9 &K > TAF FHUTRIEF - 2B EHe NB HARA
BT A#GMRA ?7PCA YT B ARA AR RA] > AR LE M) N3] BT o sbibiR
M Z % T TAF X% PCA #4734 2PCA @ BB AT89 F X, > 17K &% PCA ##k
W3 A NB &) B4 4T3 A 4T o

AREHEBIFARESNE N HNBE S B AL TR ERFTEB PCA IiF NB
B A TEIRIE - B 36 818 37 252 PCAHEERERABBMENHE O
TR UARGERFARBOER - B 37T L2 A HNALAREHEAK - MR EALH
REARLCHFZTITE BABRRRALT AR MRE K ~PCA 3 £4£ Mr. Andrzej
Kolasa ~ 4% Ms. Lucyna Olborska °

36 PCA #1474k
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37 AE%B8A % A & (£—)¥ PCA £4% Ms. Lucyna Olborska(# —)3t 3 ¥+

(ERERFHRBEBALEHE MEEALERBELL CFFTAHITR - BERBARER
& PR X A& ~ PCA 2] X4 Mr. Andrzej Kolasa ~ 4% Ms. Lucyna Olborska)

% 10 A PCAGARLE

A B4 A%
Lucyna Olborska PCA FAiE
Hanna Tugi PCA & &R 3R B 253 2 42
Andrzej Kober PCA 4 #k 8] 3K B 35 2R e
Matgorzata Tworek PCA 7 3R F& 4% 3R 4238
Tadeusz Matras PCA %37
PR 3L 3, PERBEELRXKEREHA Mk
RE FERBERBMREAREHA —EBBRE
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AN~9AR138 (BR=)

B F¢%83E N %5 Fo(Towarowa Gielda Energii SA, TGE)

B EH RS FS(TCE) s ILH 1999 5 - HE — B4 > A T TR H A
EIM AR T EME S - LRIy RA N - £ E 3 T 5 (electrical power spot
market) &) 7 F PP b4 BB 46 EAT » T L BR R A TE T RHEAE -

# TGE A % — @& 2ie 5 B EA R G AT AT 2003 SF 43 T E 5K E
RHEBEECRALELWE R EE L B € Komisja Nadzoru Finansowego, KNF J& T i 1%)
B EAETF o > TGE R B TR MM ARAT R > AR IT Kt
JHBG 0 ArAFE 2005 SF R AR RS I B I B A AR R T IRIE Z sE M (register of
certificate of origin)2x M &y F55 > 2007 F H X ERBFZVWHEBBAEZATHLA -

2006 F TCGE 1 B RH M HFTHR J 42 S 1Fied T —SAbmIEBGEAR T T 5o
BETHH LB ETUAR S EUA B4 (B8 ZaL) -

2008 FIth TEAFTAE RT3y o 2009 Fi i T IRDN24 45 6y A & & L3R 1E
e fTAELmyy 22012 F 12 A 31 BEAEHRARARAETS - TCERHEEIX 5T
SO IFEBARZETET GO AN > LA AT R B Fo S B ERERKERT
HIT R

R T TGE N & T HBHBey M- wE 3BT BAAEETEH QKRB LR
% 32 Z (Energy Regulatory Office - ERO)® 3%:&% » T hTW@LEH#ER - #£% ERO
BRIABHAEEEHREEL TCGE M > b TCGERE AR BT REFTEFE M
BEFZHLELETNARA A RECRETEHIMAE ERABLERREE
EH2MBEG TCERBERFTARARERAET > 2B EBEZTUTEAHKH T
AT > BALBEBANMREZRK -
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1. Certificates issued by the 2. ERO sends certificates to

ERO based on application from TGE's registry, where they are
producers, confirmed by the sold to companies that sell
grid operator. electricity to final consumers

and other obligated entities.

3. Obligated entities redeem
their certificates in the Registry,
therefore making good on their
obligation and avoiding having
to pay a replacement fee.

B 38 ERHBEZH ML

7000
G000
5000
A000
3000
2000
1000 I I
[, ._|.-|..|..|.|| dahahanan i dn
2005 2006 2007 2008 2010 2011 2012 2013 2014 2015 2016 Q2/2017
Source: URE

Biogas M Biomass PV EWind M Hydro

B 39 KMEFHALERLKES

HAKMOEREZ(BRRE)NHNELA BI L HERIE - 2L/ HEMZA A
EXFBAERBRERNLE  BRWBRAARLEBARRGER  ATRAAFR T
HARANREREEBRGEN...E 2B 39 T RBBLAERROGERGELEBA
R %3 0 46 2015 £ B R BN 1158 MW > 3w ] 2016 449 8478 MW » 37
BTAE AR NERABERRZISE
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41 KRB % HE B (L)% H TGE % % € £ /& Pawel Ostrowski(#)
BF—RZ > TCERR HF B RALANEY ol 22 2BABEHRAM

T ERBERTHFEREBELALBERAE A THLERT F&Z  SHEHMKRAAR
F e B AREIREE B EELE Y
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WIG20

2516,73
0,43%
WIG

65016,87
290203 10

0,29%

1
1,
1.
1

mWwIG40

T a FW20U1720 s
A

kb | e 10 = g
" oo S y v

% I B ‘-,A-",,
\‘f " v" "\

Bl 42 25 HBETCGE AR &%
(B ARKFHHEEAEGE TR T AP G E K EBIRERREERE T O

Ny o
ﬁ%&i%&%%é‘%@%Aéﬂ%%%é@&i%ﬁ%‘%@%Aéﬁ%%&é
FHRMRTE - ARUNTEERE  MEEAGHEF R PSR BFIAT K -
'WE@%M%HM%~$%@%$%%~Kﬁ%$@iﬁmwdmmmm~é%ﬁ
%ﬁmnﬁ%écﬁ$§%$%JﬁE$%%%%ﬁ%Mmmowmmﬁﬁﬁﬁﬁ
%%@%@&iﬁ@%~@%%%ﬁﬁ%%@ﬁ*@ﬁﬁ%ﬁi%%%%ﬁ‘%3%
AEBTFRBT B EDRR-MEAASERTAARAR T OREAT EET)
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4 B4 TRk A
Pawel Ostrowski TGE FERER

Maciej Olejniczak TGE 1 35 2 &3 48 B

Jacek Ostas TGE R

Monika Krol TGE #1 & kE&

Ewa Silora TGE & 38

PR X 3 TERBEBEAMREARETE ak
R TERBEBEAMREARETE —EBHERE

B AeRABREAR

BERMREARREBEREAETERALMADE > RAREKRTBEIRESFEAHM
AN EEAFZRAE S  FERICTEREHAR  RAEREKN  LHEBERS
BHEMZRRAE HARMEY > HMARARLRBFEBBHRST TR FER
Pyt 53 RORTARE & R B Bl 44 o

AEBARAORRERALRRGEE - EHZB AR BRAAHLLS
T T BRI B ARER T4 > MR B R SLE e B B iE 2| KR > BEAR
BH A wAREIEM VBT 2B AR BERERAER LR A5 AR
Fe o B R B B h)BF B SR AT IR LR E AL E R AR B
BRALCRBEFHSH  RELBRLEANRERAEE L 0 AL LT RATE
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B 43 Sy EssBEg R ERRAR €3

% 21 BEEBRARREGABLE

4% B4 AR

R 44 B b ER BB MR ER K%k
Colin Kao PR B R KRR Bbwmmk
Michael C. C. Lee b E R BB R ER —%RE

PR X 3 bERBEEEBKEAREHKE wmE
RE PERBELBREREKE —EEHERT
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A-9A 148 (Bw)
B #F &%k EI1t%m g 5 (Bureau for Chemical Substances, BCS) i B %4

% 124 % & (Bureau for Chemical Substances, Poland) 47 & i & HiL$4 4

SALZ M FEHTEOME TMRAE - A K E R T % E 4 1F(Good Laboratory
Practice, GLP) ¥ £ X 4 R B R M R EE B > FARL KL HE A&
(Organization for Economic Co-operation and Development: OECD)GLP | /& 4 % 8 mx. B
Bl X & A

INSPEKTOR DS. SUBSTANC]JI

CHEMICZNYCH
> DYREKTOR GENERALNY
Podlegloéé
organizacyjna,
finansowa, kadrowa
SAMODZIELNE
STANOWISKO PRACY
- DS. AUDYTU
Podleglosé WEWNETRZNEGO
merytoryczna l
SAMODZIELNE WIELOOSOBOWE WIELOOSOBOWE
STANOWISKO PRACY STANOWISKO PRACY STANOWISKO
DS. OBSLUGI DS. PRACY DS.
PRAWNE]J I ADMINISTRACYJNO- FINANSOWYCH
LEGISLAQH KADROWYCH
DEPARTAMENT DS. OCENY DEPARTAMENT DS. DEPARTAMENT DS.
RYZYKA (DOR) SUBSTANCJI I MIESZANIN DOBRE] PRAKTYKI
NIEBEZPIECZNYCH (DSN) LABORATORYJNE] (DPL)

B 44 \LZME B AEREEE

HE-—FHRICREAERTREFMFIEEA4 RAL A FAMCED TS
suiB M FH T AL RACE M E B 0 FE AR5 BB 8 By R BB B R B 4 TR SR
MRk AET > Wk BICEWE AiTE A K Anna Graczyk #1atB /A A2 BREA S G
(Taiwan Accreditation Foundation » sA F 4% TAF)F F/ATHATEN K BB R T RE N
"TEREREBRFEAIBRSMFHSH ) XHE > MEAKRRA GLP Fi5 Lfen

ROV ¥ B » B GLP B H78L A B B FAAAFHL TR ©
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/

46 BCS it TAF % % &1k i 544

(B AZEKRF A KEIC24E B & & Agnieszka Dudra ~ A5 218 .E A&k ~ M EEA
SERVERL A HFRATIITR)

12 M B B B % B 48T A4 B3 & % (Organization for Economic Co-operation
and Development » A T f§ 4% OECD)GLP #F 4 14 & #= % % (Compliance Monitoring
Program > CMP)ay Bs B - 3t &3t TAF 47 & 48 GLP F75 - % FRiEsi i
B ZAB M MAE AT MERBILE S - R4~ B E 2 LARRBRBEALCR R

%0 BB RENFCHEERBEFAEREEERRAEFAE ST EHEMRLAR
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OECD GLP # — & & 32 a9 45 X 1 2 K> $70X B B A Af 42 5 8107 7031 £ 34T
EE SRS EMEZSETURE  CEBATRF EERC2 R EERMES
WA EGRE > XML S4S OECD GLP 2% » REBR LA H A BB
% Bl B AT % TAF OECD GLP &z ey Rkt A 23 %o K & i3 b4 4&4% OECD
GLP & Ri#ATRIR > B THMAEILZHILE F L Z oM RRBIEZ &G HA K -
ZFHiBbR GLP SFx 3 » REMIRESAPBEAM G KRE » HEFALEWME B1L

LW BRI ETEA R — SRS EmHARRBAME SN E DA E -
(F 4o B ok 2 AL RF)

k) 22 REIcEMEEHLGEANB LE

A B A Tk A
Agnieszka Dudra K RACEE B A&
Anna Graczyk K BICEME R TEUR &k
Marek Ubraniak K EAuE M8 B GLP &A% A 3f A
Mariusz Godala K BIuE M8 B GLP £ 4% & 3f 4B

PR 3, THERBEELEREAREE A K

R A TERBEBERBREAREEE —EHHBRE
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+-9A4158 (#AZR)
B FAELEERRLA
BEARERARBEFBNANACABEAIR ) P ok BEHBREANERR
AR EERETRE R TZEMEF Dr. Marek Dietl R askhay@BEmErE ) RElx
/& Mr. Michal Cieciorski — A ¥ e iR B2 Ak L@ 7w & TRFE ) H8w
A3t 0 &) X% Cieciorski a4 &%~k "% ETRE  CLTRG  REHEABHEF >
RebRA "4 TRFE | XA M EE  ERRRABBEZER N - EFTFRAR
AERMER > bR ER > 3£/ Cieciorski A AT A TRE® "4EEE L
T mEE X BRI RN XIR > B AR E@EFER Dr. Dietl RalxH
Cieciorski oA REWF > —MAHEHAXERETEALE  BEBFFRHARET AR
4k SORILIR AL RAS I G B e

W~/ -
Bl 47 RAEIAE A K(P)IEBESRR S AEE S X Dr. Marek Dietl (£)& & £

J& Mr. Michal Cieciorski (H)Whe3%#4 4568484

66



% 23 ABBARHFEFCREGABLE
4 B4 TRk R
Marek Dietl EBERARHAEFES e
Michal Cieciorski HEEHRRHAEFES e
PR U3, FERBERBMAREREHA @k
R 5 PERBEELBKEARETRA —EHBRE

67




12~ SRS

— ~ Global Maritime

By ek R RS EE F# v Global Maritime 284 B & A ¥ BB T ~ B E
FEAEBTERARY O HEEAEEETFRRY - HEEAEEREIARR
By BEANEBERARIRZAENAG  NER w7 B EEx T ¥4
W URAERBERESGEEZ LY C REBRTHEM -

SAEM B R EER RSGAABE R A 0 BEBER RIS MR - BFIREE
T~ HEZHERARBAMAIE -

— ~ Green Giraffe

B4y - 23 Green Giraffe #2841 B 7k A &8 &FM RIR S E M4z 0 78R R
TR EBRIFRE B NEBTHRARR -

SERE R BRAERREBIBAZETEAE  WBRANEFZILALRLRE
W2 MR - BRE AR R A

~

= -~LOC

By kR RS ER LR LOC B EEATRBRM TS - HEEALE T
EmEF O HEAEALSEETTHRRT S - MEZEASE KT HH LR P Fo it
Bk A B HA IR At o DB b 2 B R 2 B R S0 AR
WREER RS EEZ RE  REHRT RN -

BAER B R BER BRSGAABRE R A 0 GEBERREGZAMAT R - BFIREE
o~ B BRI E
g~ K2

Bey NEAREEZE LAY K2AMEEIATRRMA TS MEAEIALE T ¥
MREE S s MEFEASGETFRIRT O - MEEASERET AR AR T oFfuitH
EANGBEBERRRZ MG REREFR TR EERZTERAL - £F

68



i 3

AT s RS H
/EI\

o

BP9 % i R RCE Hilr GRS B a4 1R
4 ~ DEWI-OCC

HKe R E -
é%£¥ﬂ%¢@\y@%AQM@
sAe fFE AN G

7. ; 5
\455% é :i?;ﬂ
/“% v‘.‘l’—(« A

Bay: HNEEFREREF# DEWI-OCC 131 B A A F BB 7.0 ~ B1EEA

& BiEwERRITER 0 BM

2 Sk

TFARBR T o ~ HEEANEE RE AT AR T

A ~TUVSUD

BRIRZ AR B A% 0 SAE B £ Bl AT R A7 2 E R Bt B kA
SR B I ABERRERMERAEAREH S AR

EX TG T

Aoy RRAEAE ¥ L TUVSUD ssd Mok A sy ¥~ HE A AL S T
22 5
Bk A Gk

KL

o RF

¥R F O MAEASEETTFRRBRT O MEEASERE AR P o Fo it
Fo3ik 0 A RFESRRAE A £

AR T5 B BAT A3 & o

RIS AGET SFMG > RERmEEEEZXRE
s~ REMAT RN -

SN AR ERABBAF G AEREEEZIAMARL - Lo - R
+ ~ DNVGL

Bey: X DNV GLAMEEATEBRM P S BEEALEZEHAE PO -

HEEANEBEFRIRT S MEXAGBEREANAR AR T SFEHEASG]
48 B Bt Ao AR A o

i%" 4
AVEN B L BEF R A B Fe
it e m RN LB RIREERIE M o

Wl

27 =
6/;]\:.‘ E%i

Bt e 2 F] 6 B AR Bl 4% AL IR H 13 BB AT R Ao R 0 B B R ) AR

7] K

I\N Vﬂ_

MM RFEE NS X BTEB I

69



401%—

AARREEBSF S ARATHR > R3tE 11 A 30 B L T447 12146 5k » &
TS B A GERB R E - 3 BB 4885 12 26(Carbon Trust) & #% 45 % (CDP)
A RE AR R Y AR AR AR Y E M B R AR Kol 0 R
RTHE G B RAL AR R BFRBAR R AR RBEA B ARRREFZAFEME -

CDOP s EZARETABBEX AR RAZART AR B EMM >
BERELBERCEMATYNE EXTEANM AN CEREABIERE
B4 0 BATH B % %) CDP5 ¢93 % % 84 ASUS ~ ACER ~ HTC % A i »
NAEH COP oy ERRET R —88 » wic#d T-REC #2 CDP 424 - #5775
Bh & At e AR BT 45 A T-REC UA4E & 4f P 4 B 3508 o

BRESREE R B R E X Z a2t BRBTREBIBHTIE  Resk R AREH
EA R LR E BRAMRR AR EIERE  WHhehdEZ BIGaME £ 8 BIE
EHAFEZF A PEE R AT TR RERE  AWMAE RSB FMEEL ) =K

i -

47 TUV SUD ~ DEWI-OCC % DNV-GL = [ K ekt BB 25 5 F 5 (BSH)
AT HEARTY TEERE, hEEE E4m2TUVSID ~ DEWI-OCC
B DNV-GL = H Brey&-4F » 7T su bk 42 4k B P9 543 B 38 JB 35 3 1k B3R 3T i
A5 AR RN ERBG T HAN S BB -

ENEBHERRNEFHRAEME RAHNESEEXRBREFTRELB B
bt AR NN ERAERT ARG ERTERASR
BB 2% B bk B e 84 E ik A Green Giraffe - DEWI-OCC & DNV-GL
ZEBMOE TERR LSS BARREMASZIEN  THR BB
RHBEZEZGHEET R o

70



6.

B % ¥ 1% 35 48 & (Marine Warranty Survey) 2 & & 2> 8] f£ &K 4% T2 32 & FR R
(Construction All Risk, CAR) 8 & 5 B 4545 A F KIT &8 A B F 420 5 AR
AEAMMEEAEM®T B F/R3%4 54 Global Maritime~LOC & DNV-GL
ZEABRLBEE IR ERBGAE THRA SF IRAAKIFELENE
) RAL A2 5 AT 0 M TR A 2 4EH] 0 & RIER A S AKEER 0 A
IR E RS ERe®E -

& B Bt 4545 5 (Bundesamt fur Seeschifffanrt und Hydrographie, BSH) & & B
4 7% #43% (Economic Exclusive Zone, EEZ) 8957 FAAN » & & AT A 18 B IR 94
Fl B 42 o 15 B 3 i@ & #y 2R (Ministry of Transport)4. iR 45 T B #F /& % /& (Federal
Maritime Responsibilities Act) ; & " # 47 % B (Ordinance on Installations Handling
Materials Hazardous to Water) | » #% EAE £ & # Bl 45 £ A& B /5% 5 (BSH) > #
TR R BeEE (EEZ) RESFHLF - GRBUTTE 2030 242
& 3000 a7 m k> BSH fL&488 %00 > L oo 7 RS HEF T A
AMARBE QBT RE BB F LARFREEF > FIT L8
B 4% 4k 45 & (Guideline) » AR LR A #E Rt 2 K 0 RIRAT AR &M
SR AT RIRE 0 RRZBEFRRELS > BSH sk - 7T LURAKEE 7
BFREERT > TEEANBRRARESR  BEMEAFEALE -

A TA K G P s TCE 48 1999 4 Bp 76 B B ) @B X 5 W Ml % 2

T 26038 EFXHF6 - BARREENEFRCHWATHER - SHM
IT & ¥R by 8RR EF B AES

71



Vi

- B

CARGEHER SR KRR BRBFAATHBE  TRETE ) BRI A

#] % i #2 Global Maritime ~ Green Giraffe ~ LOC ~ K2 ~ DEWI-OCC~TUV SUD -
DNV GL & E A Sék - B ARHEEER SR EARMKABZRERET @ F
t AR B Rl A= ~ BRI & bR R R B F R L X5RR R &G AT 4 R 2
A8 B Bl A= 69 1h Bh o

. BB R CA B AR R R R B R EARETH ARE kMM EI-a B AR

BHREANFP - 2EIBERLETLBFMF N EBREANRG FORBEF <
KL LMY R RELERABEAL R LMILLMEANERERERS
(GLP) &1kt S8k ey 5 & -

bSO EATRBE R ER > BRI REAR AT E R IR AR BT

Dr. Marek Dietl & &] £ 5% Mr. Michal Cieciorski 1% %) » & 3842 B % B & 48R X
WEKARZBMELTEHEHAMEMEFST > EFRHROEERESLRRH
FR 4k EREZ A MBAETHHR > AR YE > EFFE -

72



Bl M

73



RENEWABLES EXPERIENCE SUMMARY

Global Maritime Consultancy & Engineering

Te find out more, please contact:
CE-Singapore-Marketing@globalmaritime.com
www.globalmaritime.com

8 Shanton Way #32-01 AXA Tower
Singapore 068811
+65 6238 1811
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Summary

The following capability statement presents an overview of some of the core
competencies which Global Maritime (GM) have to offer our clients. With over 35
years working in the marine and offshore industries, we have undertaken a wide
range of engineering projects to meet the requirements of the oil and gas
industries, and in the later years, to also meet the requirements of the renewable
industry.

Our capability to undertake a range of complex turnkey projects from large to
small will be shown in this capability statement. In addition to discrete projects,
GM have also undertaken full vessel designs to both class and detailed design
levael,

With a humber of offices located both in the U.K. and elsewhere around the world,
GM have an array of skills to meet the needs of both the Oil & Gas and Renewables
industries. Some of the key engineers are mentioned at the end of the capability
report together with the suite of software tools available within the various offices.

If more information is required on any of the projects listed, please do not hesitate
to contact us for details.

These materials are the Work Product of Global Maritime, and no reliance on this work product is authorised by Global
Maritime, and Global Maritime accepts no liability for any rellance by any person on the work product centained
herein, .

© This decument is the property of Glebal Maritime Consultancy Pte, Ltd. and is net te be copied, nor shown, to third
parties without prior coensent,

Glabal Maritime Consultancy Pte. Ltd.
& Shenton Way

#32-01, AXA Tower

Singapore 068811

T +65 6238 1811
F +65 6238 1322

REGISTERED IN SINGAPORE 200406768R
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INTRODUCTION

Global Maritime is a world leading marine, offshore and engineering consultancy
with 35 vears of industry experience. We provide a range of services covering
areas such as design, engineering and consultancy; marine warranty; marine
operations; dynamic positioning; risk and safety. We have a reputation for
meeting the highest standards expected of our clients, whilst employing
professional staff from a wide range of backgrounds including civil and structural
engineers; naval architects; mechanical and marine engineers and master
mariners.

Our vision is to be the global leader in advancing safety within the offshore and
marine environment through the application of our design and engineering
expertise; world leading assurance programme; working standards and innovative
practical solutions,

Global Maritime have also developed a wide range of in house specialist software
for carrying out various types of analyses and simulations, including mooring
studies; stabllity and weight management; hydrostatics and simulation of vessel
operations and schedules. We also utilise a number of additional industry standard
software packages in order to ensure we have the tools to enable us to tackle the
most complex analysis and design studies.

This document will outline all the services available to cover the range of activities
in the offshore oil, gas and renewable industries.
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ABOUT GLOBAL MARITIME

What We Do

Global Maritime Is an independent marine, offshore and engineering consultancy
offering specialist maritime expertise to oil and gas, legal, shipping, insurance and
port and harbour clients world-wide,

Our Professional staff consist of:

s Civil and Structural Engineers

e Naval Architects

« Mechanical and Marine Engineers
e Master Mariners

» Electrical Engineers

» DP Speclalists

+ Marine Warranty Surveyors

Global Maritime offers design analyses and verification of offshore structures, with
services ranging from concept development, through basic design and
classification society approval to detailed design and shipyard support during
construction and commissioning.

We have undertaken design and medification of both monohull and semi-
submersible vessels and rigs utilising structural and hydredynamic expertise and
software to ensure optimisation to client requirements.

Global Maritime specialise in intact and damage stability analyses, motion analyses
and the design of inshore and offshcre moorings. We also provide structural
strength analyses of vessels, jackets and modules for transportation, lifting and
installation operations, as well as fatigue studies.

Additional services include:

» Marine Engineering and Consuitancy
» Marine Warranty

s Marine Operations

*  Dynamic Positioning

+ Risk & Safety

Port, Harbour and Shipping

» Engineering specialist software

+ 3D visualisation

e Crane department
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Offices
Global Maritime was established in 1979, and has a global reach with 5 regional
offices worldwide including Europe, Americas, Asia and Africa. There are 4 offices

in the Asia Pacific which includes the following
¢« Singapore (Regional Office)

e Kuala Lumpur, Malaysia

¢ Tanggerang, Indonesia

e Shanghai, China
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3. OFFSHORE RENEWABLE PROJECTS
Over the past number of years, GM have been increasingly involved with the
offshore renewable industry. The involvement ranges from specific vessel design
through to research for the installation of new offshore turbine types, installation
of offshore wave power devices and operational support to offshore wind farm
development,
Detailed below are some of the projects which GM have had direct involvement.

3.1 OFFSHORE RENEWAEBLE CONSULTANCY

3.1.1 Ocean Power Technologies | PB150 Power Buoy Installation

Global Maritime provided the following services in the successful trial of the PB150
wave power device in the Moray Firth, Offshore Scotland.

[ ]

Design and analysis of 3-leg spread mooring system

Pre-lay of anchors and mooring system at test site

Procurement of all tow and installation equipment; charter of all installation
vessels,

Tow of the PowerBuoy from Invergordon to test site.

Upending and connection to the pre-laid moorings.

Removal of PowerBuoy and all equipment at end of six month trial peried

PAGE 7
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3.1.2 Ocean Power Technologies | PB4C Power Bucy Mooring

Global Maritime designed and analysed & 3-leg spread mooring system for the
deployment of the PB40 device at the BIMEP location. The analysis included
uitimate strength and fatigue analyses.

For commercial reasons, the deployment site was changed to New lersey, US, for
which Global Maritime re-verified the mooring system design,

. o Bﬂd'egl
— AN Buoy Tethed]
s

A

\ Gatetiary Gy
e «
Grourd Chaind] N
PEAQWRT

Touchdown Chaing] [

3.1.3 SSE | Beatrice Wind Farm

Beatrice Wind Farm is being constructed in the outer Moray Firth on the North-
Western point of the Smith Bank. Global Maritime has an ongoing project with SSE
to provide Marine Assurance Services and to act as Technical Authority for the
Beatrice Wind Farm.

This work is ongoing, and we are working hard with the project team to fulfil the
vessel selection aspect of the work.

During the course of the project Global Maritime will verify all the marine asset
selection and installation methods for the wind farm construction including:

¢ Load-out, transportation and installation of piles, jackets, WTG substructure
and WTG;

« Load-out, transportation and installation of OSP piles, jacket and topsides;

e« Load out, transportation and installation of array cable including cable
protection and pull-in;

« Load out, transportation and installation of export cable installation including
cable protection and pull-in at OSP and HDD at landfall.
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A25ea | Seafastenings for BurboBank WTG Installation

Global Maritime have designed the seafastening aand grillage arrangements for
the transportation of the first ever Mitsubishi Vestas 8.0MW offshore wind turbines
to be installed in an offshore wind farm. This project included design, verification
and creation of the detailed design drawings for the transportation and installation
of the WTG components.

RWE | Gwynt y Mor Wind Farm

Assessment of loadout, transportation and installation methods of concrete
calsson substructure for wind farm, review of candidate ports as construction base
installation and uptime analysis.
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3.1.6 Lyell Power Buoy Installation

Tow and installation of concrete gravity base
Tow and installation of power buoy
Provision of 500t net weight ‘sinker’ for use during upending of power buoy

3.1.7 AWS Ocean Energy Limited | Archimedes Wave Swing

Marine requirements for the Archimedes Wave Swing MK IIL

3.1.8 Peel Holdings | Mersey Tidal Power

Marine impact assessment of several different types of tidal power generation
option, including a barrage, at locations in the Mersey.

3.1.9 Severn Tidal Power Group | Severn Tidal Power Barrage

Development of marine operations and analysis of caisson stability and mooring
systems for the instaltation of very large concrete caissons across the Severn
Estuary. Marine impact on commercial shipping.
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3.1.10 Mersey Tidal Power | Mersey Tidal Barrage

Navigational risk, asset and personnel risk as weli as marine impact assessment
for the construction and operational phases of the Mersey tidal barrage.
Development of marine operations for construction operations, traffic queue
simulation to test commercial delays to vessels,

3.1.11 AMEC | Current Turbine Installation

Marine operations review and analysis of mooring systems to hold location of a
large tidal current turbine design during the installation phase of lowering and
securing to the seabed. System was intended for use in coastal Korea in a high
current, rock seabed |ocation, |

3.1.12 Tidal Current Turbine Installation

Analysis of jack up and moored floating options for installation of a current turbine
for Strangford Loch. :
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In additlon to the above consultancy projects. Global Maritime have extensive
experience as Marine Warranty Surveyors for the installation of offshore renewable
projects. A summary of the recent MWS project In this area is given in the following

table.
Site Services Year Main Points
DONG ENERGY _ MWS scope for foundations, 0SS and
Gode Wind 1 & 2 OWF MWS 2014-2016 | g,
DONG ENERGY MWS 2015 MWS scope for the installation of the
Gode Wind 1 OWF Expott cables compieted.
DONG ENERGY : .
Westermost Rough MWS 201372014 | "Ul! ';;'W.S scope including Export Cable
OWF installation completed.
STATOIL 3 Fuil MWS scope including Export Cable
Dudgeon OWF MWS 2015-2017 installation in progress.
VATTENFALL Full MWS scope including Expert Cable
Ormonde OWF MWS 2011/2012 installation completed.
E-ON MWS scope for the installation of Export
Ranpion OWF MWS 2016/2017 & Array Cables in progress.
NSW . MWS scope for the installation of the
Borkum Riffgrund 1 MWS 2015-2017 export cable, incl, repair, in progress.
Siem Offshore . .
MWS for the installation of the Nordsee
Contractors MWS 2015-2016 i
Nordsee One One export cable in progress.
MWS scope for the Installation of the
50Hertz export cables for the grid connection
Cluster "Westlich MWS 2015-2018 | cluster “Westlich Adlergrund” (“Arkona-
Adlergrund” Becken Siidost” and “Wikinger”), in
progress.
Marine Providing technical advice on many
SSE Assurance & 2015-2019 aspects of Wind Farm Engineering and
Beatrice OWF Technical Installation, mainly within the marine
Authority team.
Gggpg:g‘f:&?ﬁg" Providing marine warranty and general
MWS 2004 consultancy to Greater Gabbard Offshore

Ltd
Greater Gabbard OWF

Winds Limited.
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GM Software

GM have many years in the development of in-house software, which is also
commerclally avallable and used by many design consultancies around the world.
Listed below are some of the GM suite of software together with their uses,

GMOOR - A mooring analysis program used mainly for the analysis of spread
mooring patterns for MODU’'s and other subsea support vessels in open water,
However, it has also been used for analysis of turret moorings and quayside
moorings.

It has the capability to calculate quasi-static wave freguency and low frequency
motions in the frequency domain, with a time domain option also available for low
frequency motions. There is also an option to include calculation of line dynamics.
The program checks the results against a range of standard mooring codes
including API and DNV,

It can be used for engineering assessment, planning and approval work in advance
of a mooring deployment, as well as for predicting vessel motions and tensions in
advance of approaching weather or a rig move.,

GM Catenary - A single line 2D catenary analysis program for use in analysing
moorings or towlng lines. Proposed for use on tugs, anchor handling and all spread
moored vessels for supporting mooring analyses and providing quick, efficient and
detailed results of the catenary line problem when addressing issues such as
payout and clearance above subsea assets.

GM OPSIM - A marine and offshore operational planning tool with the abhility to
model, simulate and test the stages, schedule, resources and limiting criteria of
your operations against relevant metocean data. The simulation results allow
evaluation of critical stages, availability and delay, resource pinch points and
potential savings of time and effort.

Some examples of the use of GM OPSIM are for operations such as FPSQ storage
and off-take; offshore towage and transport; drilling availability and calculating
weather windows.

GMLoadCalc -~ A stability and weight management program which allows
semisubmersible rigs to keep track of all onboard loads, with the stability
calculated relative to the weights and ioads entered in the program.

HYDROGM -~ A suite of programs for the hydrostatic and stability analysis of
floating structures such as semi-submersible units and construction barges.
There are 7 integrated programs including HYDCODE and HYDWIND.

HYDROGM calculates hydrostatics and stability curves, whilst HYDCODE checks
both intact and damaged stability against all relevant code criteria. HYDWIND
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calculates wind loads and overturning arms on vessels such as semi-submersible
floating units, jack up rigs and construction barges.

In addition, GM has an extensive suite of 3™ party software, with extensive
experience in the following {(amongst others): :

» Orcaflex

« DNV SESAM
» Staad

* Nastran

» MathCAD

» AutoCAD

s Inventor
s  Optimoor
» AutoSHIP
« Etc.
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We welcome the Taiwanese Delegates to
the South Coast of England
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E.ON presentations

Introduction to E.ON & Offshore Wind
Giles Sibun —Origination & Development Manager, Offshore Wind

Introduction to the Rampion Project
Chris Tomlinson - Development & Stakeholder Manager, Rampion Offshore Wind

Technical Development & Construction of Rampion
Naren Mistry - Engineering Manager, Rampion Offshore Wind

Rampion Construction Video
Foundation fabrication & installation. Export cable duct extension. First turbine installation.

Project Certification
Dr. Burkhard Seif —Business Development Manager, Offshore Wind
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Introduction to E.ON & Offshore Wind

E.ON strategy
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About us

Glebal trends like sustainability and climate
protection, digitalization and technological innovation
are altering the energy landscape. At the same time
our customers’ energy needs are changing.

A new energy warld — decentralized, green, and
interconnected - is emerging. Our core businesses
reflect the key energy trends:

The global growth of renewables

The transformation of yesterday's power lines
; into temorrow's smart energy networks

The increasing demand for innovative
customer solutions

Partner for the New Energy World




We offer attractive propositions to our customer group

e e o e s O CUETOMIGTS (oxamples)
Greaen energy s Commercial
Providing long-term Power Purchasing % & Industrial
Agramen:s (PPA) to Utilities and B2B Utilitis
customers
Green assets Financial '\F
Monetizing parts of our development pipeline and Investors ~
operating asset portfolio through establishing Strategic
long-term partnerships Investors
Services @
managers
Offering full scale operations & maintenance, short
term repairs, as well as technical & commercial site % Wind farm
management services to customers Owners
1. Including selling rengwabtle energy to customers across Eurape via our lacal retail organizations
Renewables at a glance
Whatwede ; semmen
5 S e
* \We are among the largest renewable energy playersin our core \\ﬁ
markets (Europe and US) \\'

*  Qur focus is offshore and onshore wind, as well as utility-scale
PV and energy storage

*  Wa deliver and own utility scale renewable projects,
engaging in development, construction and operation

* We partner with investors offering stakes in our existing green
assets or projects under development

* We provide long term green energy PPAs to our customers as
well as offering Wind C8M/ AM/ EM services?to 3rdparties

*  We have developed more than 6 GW of renewable energy
projects since inception in2007

* 1,100 E.ON employees work in Renewables

Technologies
- '.Eaner-gy ;)lﬁti.:ohs:.

Owned capacity? (GVW) TWhproduced?
2005 [CERENELAD .4 2015 |
2016 [0 2006 [
2.0 4.0 B.0 ' 4.IO 8.'0 12I.0 16|.O

1. Power Purchase Agreements
2, O&M: Operations & Malntenance; AM: Asset Management; EM: Energy Management, via "E.ON Energy Services"
3. Prorata

Source; E.ON Facts & Figures 2017




E.ON Climate & Renewables in numbers

=86 GW

delivered renewable capacity

Invested in renewable energy

4.6 GW

owned renewable capacity 7
countries where E.ON Climate &
Renewables operates

ted bl it
operated renewable capacity 00%
projects built on time, on budget
Global # & in offshore wind?

>10,000

blades regularly inspected each year
i employees

1, The European offshore wind industry — key trends and statistics 2016, Wind Europe

E.ON renewables portfolio

% 3.26W

g
Highlights é&«%g
5.3 GW Operated capacity® 2.1GW
4.6 GW Qwned capacity?

1.1 GW Offshore capacity
3.5 GW Onshore + PV capacity

1. Operated sites, where EON is the oparator, regardless the ownership share
2. Prorata

Source! E.ON Facts & Figuros 2017




E.ON ranks as global #3 in offshore wind power companies?

@ Inoperation

@ Inconstruction

[ ] 2:;:::‘; alpha ventus @
{219 M) (B0 MW+

@ Ramplon
oy

1. The Eurcpean offshore wind industry - key trends and statistics 2016, Wind Europe
2. E.ON share 30% (189 MW) 3. E.DN share 50% (200 MW) 4, EQNshare 28% (16 MW) 5. E.ON share 20% (41 MW)
6. E.ON share 50% (193 MW)

We have an uncompromising focus on Health & Safety

+ E,ON Renewables TRIF! has declined more than 60%
over the last 7 years

Strong leadership in HSE - shaped further by a Tailor~
made Leadership Program and preventative safety
management

Robust HSE management system integrated into all
aspects of the business and externally certified?
Founding member of G* Glohal Offshore Wind Health
& Safety Association and active member of H&S
warking groups in WindEurope3, GW0?, Renewables
UK Wind Association, American Wind Energy
Association

Profound Health, Safety and

Environment culture key element of
E.ON's value system

. Totalrecordable incident frequency {TRIF) is the surn of recardable incidents per one million hours worked
. According SO 14001 snd OSHAS 18001 since 2010

. Formearly knewn as European Wind Energy Association

. Global Wind Organization

PN




Lean and diverse workforce is E.ON Climate & Renewables’

most valuable asset

E.ON Climate & Renewables employees in facts

and figures?!

1. MR analytics as of 01 2017

E.ON will focus on core technologies in Onshore, Offshore wind

and PV and Storage

v Wind Onshore 4 Solar PV

Continued focus on core technologies to maintain
leading position in the industry

Capitalize on existing pipeline & capabilities in
Nerth America and Europe to deliver projects
Maintain robust development pipeline with
superb project options

Facus on industrial scale assets as integrated
player to create value (development,
construction, operations & maintenance)
Expand attractive partnering and third party
business energy solutions to our customers
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Introductioh to the Rampion Project

Chris Tomlinsen [

EENBRIDGE

'~ Rampion
conte nts Offshore Wind

Rampion Offshore Wind Limited
Location of Project Site

Project Considerations and Challenges
Onshore Design

Permitting & Consents

Project Overview

Timeline

O NO LR WM

Project Benefits
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1. Rampion Offshore Wind Limited

,

Green
shareholders e'?n @ ‘ i o aﬁ»ﬂ’ﬁuﬂrlﬂﬁﬁ‘
} E.ON is the Service
w —-0M
company Ia ' Provider to ROW Lid,
I

Rampion for construction and
Offshore Wind operational services.

l
I Agent

ROW Ltd
Construction
Contracts

2. Location of Rampion Project - off Sussex coast, in English Channel
Rampion

Offshore Wind




Rampion
Offshore Wind

3. Project considerations and challenges

. Untested Planning Act 2008 - rust consult meaningfully at an early stage

. Complex offshare site with varying bathymetry, challenging geclogy & UX0s
e Cable landfall must be close te high density residential areas

. 27km enshore cable route over National Park, main roads, railway & river

e Pepulation approaching 1 million including a heavily populated coastline

. Nearest to shore of all Round 3 projects / 271km? site (approx 28km E-W)

. Visible an a clear day from Beachy Head to Selsey Bill (approx 90km E - W)

. Economy relies heavily on tourism, with key tourist destinations

. High level and diverse offshore commercial and recreational actlvity

. Several local ports and marinas nearby

¢ No commercial wind farms in Sussex

] = Rampion
4. Onshore design Offshore Wind

Landfall at Brooklands, East Worthing

27km underground cable route
Ducting methods of installation
4 x drills under beach & A259, Railway, A27 and River Adur

30m working width / 15m easement requiring haul road, topsoil
and subsoil storage, and distance between circults

New Twineham substation transforms output to connect to 400kV
Bolney National Transmission Grid

Active engagement with Local Liaison Group on final layout
design, seeking to reduce site area, size and scale of buildings and
protect hedges and trees

===~ Glage bowndaris

Ll D60 baundaries
3 Déstrist boundatias

Constructed under development consent requirements e.g.
environmental or traffic management plans




L. Rampion
5. Permitting & Consents ) Y offshore Wind
o]
.wjzg.‘g'. 7 g N

U Ramplon is a Nationally Significant Infrastructure Project (NSIP)

. UK Governnment approval only granted after comprehensive Consultation, Application, Examination pracess (between 2010 and 2014)
. Input from broad range of statutory bodies and local councils

. Environmental Impact Assessment of ali offshore and onshore elements of scheme

. Complex and heavily populated area - lots of issues to address

. . J= Rampion
6. PrOJect Over\"ew Offshore Wind

»  13km from shore south of Brighton
+  Water depths 20-40m

» 116 x 3.45MW MVOW turbines on monopile foundations
*  Total 400MW capacity

» Single offshore substation on jacket foundation

»  150kV export cable

e 27km underground onshcre cable

*  New substation for 400kV grid connection, Bolney

*  First South Coast offshore wind farm

«  Development Consent Order (DCO) granted by Secretary i}
of State 16 July 2014

= Round 3 Offshore Wind Lease
+  Qualified for RO Grace Period
«  £1.3bninvestment i _ :
« 80 vessels have worked on site with 660 in the workforce | : AT e

at peak times } | i




7. Project Timeline

. 2008/09:TCE bidding for Round 3 development

TCE grant E.ON “Zone &' development rights

¢ 2010-11: Early engagement, engineering and environmental survays

. 2010:

. 2012:

4 Mar 2013:
. Jun 2013:
. July 2014
. May 2015:
. Sept 2015:
. Feb 2016:

. Planned
. Oct 2017:
* Mar 2018:

Consultation on draft proposais

Submit Developmant Consent Order application
Planning Inspectorate Examination of application
Development Consent Award by UK Government
Final investment decision

Onshore Construction commences

Offshore construction commences

Energise Scheme, ROC accreditation

Commercial Operations Date

8. Project Benefits

Rampion
Offshore Wind

Rampion
} Y Offshore Wind

¢ Generate 1,366GWh power output from ‘home grown’ clean sustainable energy source

* Equivalent to 347,000 homes average UK homes, almost half of all the homes in Sussex

+ Offset almost 600,000 tonnes CO, annually

* Create approx. 60 full time permanent jobs for lifetime of project (20-25 years)

* Construction workers up to 660 in construction workforce at peaks (500 peak offshore},

with local supply chain opportunities benefits to local economy

* Catalyst for regeneration of Newhaven Port

* Visitor Centre on the Sussex coast with a view of Rampion, as a tourism and educational

resource

* Community Benefits Scheme to support local project initiatives in Sussex




Dr. Burkhard Seif, Fabian Broicher 06.09.2017

Project Certification —
Way to Success in offshore Wind
IE B #7258 -

& Rl RV B BT 2 R

Why do we need Project Certification?

?:,H'ﬁ%f'i S ERERE?

The offshore wind turbine including the structures used for
its foundation and the transformer substation as well as
cabling within the farm shall be inspected by an [...] certifier
recognised by the BSH [...]. The inspection shall be
completed with o confirmation to be presented to the BSH.
Standard The confirmation shall contain an expert’s declaration that

Pesign of Oifshore Wind Turbines

the overall project, a technical system or @ component of
such has been configured in accordance with the generally
recognised rules of technology or, failing that, the current
state of scientific progress.

06.09.2017 24




Definition of Certification
PEENTES

Long Version:

According to the international standard EN ISO/IEC 17000, certification is third-party attestation related
to products, processes, systems or persans, whereas attestation includes the issue of a statement, based
on a decision following the review, that fulfillment of specified requirements (e.g. guidelines, codes and
standards) has been demanstrated. The review itself covers verifications of the suitahility, adequacy and
effectiveness,

In other words:

Certification is the confirmation of compliance of a
product or service in accordance with defined standards or rules.

08,08.2017 25

Definition of Project Certification of Offshore Wind
HEEBEERENTR

acc. to DIN EN 61400-22

Project Certification

* has to approve that for a specific location a type certified WTG and its substructure
complies with requirements derived from the external site specific conditions.

* has to approve that the design and the certificates are in compliance with
applicable regional standards and regulations

Other components, such as the offshore substation are also part of the project
certification.

26




Schedule and Content of Project Certification
IE E nlu\nEmH#Fﬁﬂﬁﬁmﬁ'

HEH
Releases Content of Phase TIME
Metecean, data, Wind date
o —— 188y |Ereimnary Soll invesligation A2 vear
Nﬂ‘“kmlmwv;;'"__,,_ T L e R ot . Design Basis b
o= s Prellminary Found Design
R Trrr oy ey —
Design ErEmg| | 1% year beore o BSH Big;’fgi’uﬂgg‘:;sﬂag:g&”n eslgn | PRI 1o design
consniclion oAl & FOU, WTG, EOS, EAC development
| T i
I e Final Design FOU, WTG, EOS,
- 3.B3H EAC, Erection Hand Books ~1 .15 year
[
Py
E—«-«»«me”
Implementation Eismesm | mee e
e[S Survey ot peralel to
- il
e s R e . mg:;“;n“""g each phase
it | St - Installation ~ 2 years
I - - Commissicning
it {Operations
2 | e et e | MYy
Oparathn Heimtynes — Parlodical Inspections
Uim cpmitg
e T
Decommlssmmng R
o ——
F".:mx. R | T
S gL,
il

Project Certification scheme according to IEC 61400-22
FFEIEC61400-221F 204 IE H nlh\nﬂj‘j-

€Ledd2l £ IEC 28 -

06,09.2017 27

06.02.2017
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General procedure of certification (Document review)

—RREEF (XHEE)

Before the certification starts: L Verify and P
1. Inform the supplier about the s 4 i comment %
certification process st
2.  Define the documents, which Kd ;
. cf'
have to be submitted S é
3. Define the format, content e
and quality of the documents,» Q\db ’
&
# o& S
&

f\\e’

Conclusion — Take Away
i
=110
» Certification does concern every technical package.

* Certification will be executed trough all phases of the project.

*» | ets take advantage of project certification:
* independent assessment of the whole project
* increases of quality of suppliers and the project
* cost saving, as per minimizing the exposure to unexpected failures

» Lets prepare ourselves and our suppliers for the process
* to make a challenging time schedule possible
* to reduce costs and keep them within target
* to achieve the goals with the permitting authorities.

06.00.2017 30







Technical Development &

Construction 5f Rampion *I

Naren Mistry - Engineering Manager
6th September 2017

E£NBRIDGE

Presentation Overview

1. Rampion Project Scope
. Site Characteristics
. Final Project Design
. Design Certification

. Supply Chain & Logistics

2

3

4

5

6. Site Preparation

7. Monopile WTG foundations
8. Wind Turbines
9. Offshore Substation
10. Export & Array Cables
11. O&M Building

12. Construction progress

%

Rampion
Offshore Wind

Ram ion
Offshore Wind




Rampion
Offshore Wind

Project Scope

Wind Turbine Generators

Foundation Offshore Substation Onshore Cable

Transition Piece Array Cable Export Cable Quayside O&M Building  Onshore Substation

Offshore Site Characteristics

Paleochannels — infilled former river valleys

419

BEDROCK LINITS {Within 20m of Seabed) SUPERFICIAL UNITS ATKI Ns

At Linknown and Lordon Clay Formation 1; None or Thin {<'Im Sand and or Gravel)

B; London Clay Formation 2: Tributary valley infili {various malerizls)

C: London Clay Formation over Lambelh Group i - 2: Beach Deposits over Alluvium
[ London Clay Farmation/Lambeth Groupf Chalk : 4; Marine Deposils over Auvium
E: Lambeth Group - : B

F: Lambeth Group over Chalk

Legend

£
o
5. f 8H_16

Borehglo focalion

Water depths: 20m to 50m LAT
Site Layout restricted to 40m

A P
*X' corespondes to badrock.
ehitfs), end #* eotresponds to
suparficial uni{s)

epth ks mectes refative to LAT

_/




Seabed Geology

* Comprehensive geophysical and
geotechnical surveys undertaken

Geotech survey sampled 183
locations

50-70m borehole + CPT depths
Terrain Unit Map produced

* Optimum 116 locations chosen

* Variety of dense sands, stiff clays
Chalk to east of site

* Paleochannels in centre of site - Rampion
\ Offshore Wind

* No mobile sandbanks or global scour risk expected

Offshore design development

* Layout designed avoiding major paleochannels

* Optimised for best wind resource using modelling

* Reduced visual impact

* Lessons Learnt from previous Projects incorporated

* Proven technologies — Vestas WTG, monopile foundations

* Installable with proven vessels (MPI) and methods
Evolution of proven machines
{simiiar to Robin Rigg,
Humber Gateway)

Mecnopile foundations: steel
tube + Transition Piece

P — Rampion
: " Offshore Wind

P e




Final design details

« 13-20km off Sussex coast / 72km? site area
+ J00MW installed electrical capacity

+ 116 No. X 3,45MW Vestas turbines on
monopile foundations piled into the seabed

* Hub height 84m / Tip height 140m / Blade
length 55m / Rotor diameter 112m

12 strings of 33kv subsea array cables

« Offshore Substation on four-leg jacket
foundation transforms power 33kv to 150kV

* 2 x 150kv subsea export cables from OS to
landfall at Brooklands Park, Worthing

s 3] 2n

« 27km underground onshore cable route via 2 x circuits to Twineham

+ Onshore substation transforms power to 400KV to connect into national Ram plon
transmission grid at Bolney Substation Offshore Wind

Design Certification

Wind Turhines and towers

Wind Turbiné Foundation

Offshore Substation
Topside and jacket

Offshore Array cables

Offshore Export Cables

Onshore Export Cables

Onshore Substation




s Esh]erg, DK
u p p y a I n WTG Pre-Assembly Harbour
Secured as part of WTG Contract
& Lo i st i cs 455 nautical miles from Rampion
Rosyth, UK g 8 WTGs per cycle on MPI Discovery {right)
Babcock Cffshore
Substation Platform

Barged to site and N
installed by Rambiz £ Rosyth, UK
3000 HLV . Deénmark

Eshjerg O

Uni:jed ) Rotterdam, NL
Kingdom i HSM [part of Babcock
aeside, UK contract) Substation Jacket

iste of Man

Teeslde, UK Vlissingen, NE

MPI base pm:l ) Rotierdam p Sou};ldatlorfrs Stalgl'nlg Port

IPR Array Cables. Hissin ¢ erbrugge Termina

Collected by Fugro Vlissingen ¢ ! Staging Port for Foundations
Symphony cable ) .

installation vessel ! , UK B 160 nautica! mifes from Rampion

3 foundations/cycle MPI Dicovery
4 foundations/cycle Pacific Orca
{below)

Newhaven, UK
Construction Project Management Base
10 nauticel milas from Rampion

From Korea: LS Cables
marine export cables

Boulder relocation

* Relocate boulders down to 30cm in diameter

* Approx. 12,000 boulders relocated
* Haphazard relocations to prevent reef

* Informing fishermen of new boulder locations

Below: Pegagus

Above: Rock grab UTROV

Rampion
Offshore Wind




UXO (unexploded ordnance)

» 1,200 potential targets surveyed, primarity
looking for WWII unexploded ordnance

* Detailed analysis of ultrasonic magnetic
targets to discount non-explosives

* Remote Operating Vehicle (ROV} examination
of remaining targets

2 x WWII 500Ilb bombs
identified 3km off Lancing
beach, 13m water depth

» Divers assess last remaining targets

* Routine controlled
explosions in August 2016
following MMO
consultation

K Rampion
Offshore Wind

Construction Project Management Base

» Temporary Construction Base at
Newhaven Port

« Marine co-ordination centre
* Quayside floating pontoon access

» Crew Transfer Vessels (CTVs) operating
from Newhaven Port, Shoreham Port
and Brighton Marina

Rampion
Offshore Wind




Monopile WTG Foundation Design

—Designer — LIC Energy (Bristol)

—Monopiles (MP): & .
5.75m to 6.5m diam at toe .
60m to 85m length f ‘
550 to 830 Tonnes

Individually designed for location
—Transition Pieces (TP);

Standardised design

250 Tonnes T — ———m—

Top platform 20m above HAT

Internal cable routing

Boat landing giving access from CTV

Flanged bolted connection TP to MP

Foundation Fabrication

Monopile Fabricator : SIF (Netherlands)
- Manufactured in Roemond
- Transported by barge & stored in Vlissengen

Transition Piece Subcontractor : Smulders {Belgium)
- Manufactured then stored in dry dock in Antwerp

Rampion
Offshore Wind




Monopile installation

Jan “16: MPI ‘Discovery’ jack up
vessel - load out from Vlissingen,
Netherlands

End Jan: ‘Discovery’ arrived on site
with first 3 x monopiles and
transition pieces

Mid April — End June : No pile driving
to protect hlack bream spawning
1t July: SBO ‘Pacific Orca’ joined MPI

‘Discovery’ to complete installation

Rampion
Offshore Wind

Monopile hammer time 2-4 hours

Foundation completion 24-36 hours
1000T cranes to lift monopiles
Completion target was early 2017

All 116 foundations instalied by
9th November 2016.

Rampion
Offshore Wind




Wind Turbines

— Contract awarded to MVOW {Denmark}

Design, manufacture, pre-assemble,
loadout and commissioning of 116No.
wind turbines

— 3.45MW Vestas turbines
— 112m rotor diameter, 140m to blade tip

— Integrated design of tower and foundation
hy Vestas & LIC Energy

— Pre-assembly at Esjberg, Denmark

Offshore Substation Design

Design & Fabrication — Babcock (Rosyth}
4-leg Jacket foundation

Topside with cable deck

Topside plan area—42m x 38m

Topside weight — 2000 tonnes

2No. 150kV/33kV Transformers

150kV GIS & 33Kv Switchgear

Control Rooms

Heli-hoist area

Emergency accommodation

12 array cable j-tubes

2 export cable j-tubes

~ Rampion
Offshore Wind




Offshore Substation Fabrication

« Rampion OSP Fabrication in Rampion
Babcock’s shipyard in Rosyth Offshore Wind

Substation Foundation installation

« Steel jacket foundation - 900 tonnes
+ Fabricated by HSM in Rotterdam
* Installed by ‘Rambiz’ in September 2016

Four pin piles to connect jacket to seabed

Rampion
) \ Offshore Wind




Substation Topside installation

* Topside final weight 2000 Tonnes

* Loaded out and transported by barge
from Rosyth to Southampton

* ‘Rambiz’ arrived and set up on site

» Topside barged to site and lifted onto
foundation by Rambiz in April 2017

Array Cable layout

— 12No. Strings connecting 8 or 10 turbines per string,
— backlinks between pairs of strings

i e Y

Rampion
Offshore Wind




Array Cables Supply

JDR Cables (Hartlepool)

Design & manufacture of 140km of 33kV
sub-sea inter-array cables

3 core copper cables with fibres
150mm2 & 400mm?2 core sizes
* Loaded out onto installation vessel

* Supply of Cable Protection System

Lz '
fﬂ"’”m A et b

Array cable installation

 First campaign: Aug - Oct 2016 - 71 No. installed
+ Second campaign started April 2017 — Remaining 62 No.
 Fugro ‘Symphony’ (below) collect, lay and pulling-ins

* Fugro ‘Saltire’ used for burying cables using jetting and
ploughing (Q1400 plough, right}

» Target depth of burial 1m, minimum depth 0.5m

* Where the minimum
depth is not achieved,
rock bags are to be
installed to protect the
cables

Rampion
Offshore Wind




Export Cable Supply

Supplier: LS Cables (South Korea)
Design, manufacture, loadout & transport
2No. 150 kV Export Cables,

Cables 19km and 17km long

3 core Aluminum cables with fibre optics
1200mm2 and 1600mm2 cores

240 & 250mm dia, 95 & 100kg per m
Loaded out to Cable Supply Vessels in
Donghai, South Korea

Transpooled to Cable Laying Vessel in
Netherlands

Offshore Wind

Offshore Export Cable Installation

— Contract awarded to VBMS {Netherlands)

— VBMS ‘Stermat Spirit’ installation vesse!

— Scope included transpool, lay and burial

— Cables pulled ashore though pre-instalied HDD JEEEE

and duct extension

~ Offshore the cable then simultaneous laid and
buried by subsea plough pulled from the
installation vessel

— 1%t Export cable installation completed in Oct

— 2" Export cable installation completed in Nov

Rampion
Offshore Wind




Operations & Maintenance Base

Rampion Operations & Maintenance Base located at Newhaven Port

Two storey office including control room, meeting rooms, mess and changing facilities
for 60 staff

750m2 warehouse with direct access to quayside with 120m pontoons for CTV berthing

Two quayside cranes for loading and vessel refueling facilities

Rampion
Offshore Wind

.- All WTG foundations installed
107 of 116 Wind Turbines installed
- Offshore Substation installed

All Array Cables laid and buried
Both Export Cables laid and buried




Rampion Offshore Construction Video

Video footage showing:

1. Monopile foundation fabrication and installation
2. Export Cable duct extension installation

3. First wind turbine installation

~ Rampion
Offshore Wind







F RENEWABLES

LOC Group
LOC Renewables

Peter Croll & Dr RV Ahilan
Brighton, 8t September 2017

%OC ONE PARTNER. WORLDWIDE SUPPORT.

LOC Group
Marine and
Engineering
Consultants




Our Locations

V RENRWABLES

HAUGESUND
. ABERDEEN \
LONGITUDE SOUTHAMPTON MEWCASTLE —\\ —STAVANGER
LONGITUDE TOPSHAM LONDON .
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— e i
_ e TIANJIN
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. / LAEM CHABANG
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LOKGITUDE SINGAPORE
~—Ri0 DE JANEIRC
PERTH—— - —SYDNEY

Our Services

V RENEWADLES
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Some of Our Clients. ..

v RENEWABLES

Shipping Qil & Gas Renewables
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LOC Renewables
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F RENEWABLES

LOC Renewables — LOC and Longitude focused towards
Offshore Renewables

Premier independent marine
and engineering firm; #1
Marine Warranty Surveyor in
offshore wind

ONGHIUDE

IRiRCLIEE

Specialist engineering
consuitancy dedicated to
providing navai architecture,
structural design
and analysis services

Headquarters in UK

“Presence in 16 countries UK, Smgap.(.)re, Mexlco

Competences

LOC Group

LOC
ONGITUBE : Renewabhles

Brgiteeing

Longitude




ALOC LOC Renewables Services

F RENFWARLES

Marine Warranty,
Analysis &
Consultancy

Turbine,
Foundation &
Cable
Engineering &
T&l

éIOC Detailed Service Offerings for Projects

W HENEWABLES.

DESIGN |}

Planring &

Pe

» Concept
Development
Pre-FEED

+  Environmental
Monitoring &
Impact
Assessment

»  Mavigation Risk
Assessments in
support of EIA

» Human impact
Assessment

"\’Ni'n.d
Reasource

Site selection
and layout

Met mast and
measurements

Annual Energy
Production

Developer
andfor Financier
Support

FEED

Existing capability incl, alliances
M&A Focus

Turbire

Suitabiiity review -

» Constructability

Seiectionand -, Site Surveys &
interaction with Investigations
AER . .
» Detailed Design
Tender Tend
specifications »osnder
specifications
Package : Pack
management P ackage
management
| » OFTOTDD
» HSEQ

H

H

}

»

¥

)

S

Warranty
Services

Tender
specifications
Package
management
Vessel SIA/SSA
Marine
Engineering

Cable
installation,
routing, in-place

upport \/eésel
Design &
Engineering

L Management &
Supervision

»  Control Room

» Production
Optimisation

| > Annual Energy
: Production

s Vessel SIA/SSA
» Logistics design
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Offshore Wind |

Farms

UK
Germany
 Sweden
Holland
France
Denmark
NéMay

> 60 projects
> 9GwW
~ 65%

Track Record Summarised as....

s

1.5MW - BMW

Turbines

v

Portugal Siemens Gamesa
Ireland MHI Vestas
'Belgiu'rh' Senvion
_ GE Alstom
USA .. Areva
Taiwan Adwen
Korea Doosan
Vietham

Reference Project
Thanet Offshore Wind Farm

= Technical Due Diligence of offshore
transmission assets including:

» Design & Technology, Cable Routes &
Profiles

« |nstallation and Construction, Burial &
Protection

* (O&M and Survey recommendations

« Environmental Impact, quality
management

« Performance criteria

* Foundaticn desigh, seabed morphology,
scour and seabed movement

+  Cable repair engineering including
hydrodynamic modelling of repair vessel,
mooring systems, export cable repair analysis

N Savgmd b TR
[Thanet Offshore Wing Farm Boundory
- Tustine Locabon (ot Drawir o Scie)
A Oftchore Subetotian (Mot Dywah to Seae)

Pepeoducad (ndlir Scancs 214 THY. € Gronn T
Cosrtinaly spetam WG

Brief Project Details
Vattenfall

300 MW wind farm

100 x 3MW wind turbines
2 export cables
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y RENEWARLES

Industry Standards and Guidelines Published (or contributed)

* Prepared by LOC with Generating Better Ltd and published by the Crown Estate:

« hitp:/iwww thecrownestate.co.uk/imedia/d51536/ei-kim-in-om-consiruction-072014-jack-up-vessel-

optimisation. pdf

* Prepared by LOC and published by RenewableUK:

« hitp://c.ymedn.com/sitesiwww. renawableuk.com/resource/resmgr/publications/reports/H&S Jackup _Barg

es.pdf

« L.OC — Project Specific Guidelines (preliminary) — Marine Operations Installation of
Gravity Base Wind Turbines Structures by a transport and installation barge “TIB”
(LOCL/7041/JCT/R001 /REV 2)

* |SO 19901-6 Petroleum and natural gas industries — Specific requirements for offshore
structures — Part 6: Marine operations. (Final draft - 2005)

Crown Estate Map of UK Offshore Wind Status (Dec 2016)

Q1 |Barrow 30{Aberdaen Demo

(2 |Blyth 31|Beatrice

03 |Burbo Bank 32 Blyth Demo Ph1

04 |Greater Gabbard 33|Burko Bank Extension
(5 |Gunfleet Sands Demo 34|Dudgeon

06 [Gunfleet Sands 1 35|East Anglia ONE

07 |Gunfleet Sands 2 36|Galloper

08 |Gwynt y Mor 37 Hornsea Praject 1

08 |Humber Gateway 38jHywind 2 Demg

10

38|Race Bank

Inner Dowsing

11

40[Rampisn

Kentlsh Flats

12

41| Walney Ext

Kantlsh Flats Ext

fi3

Levenmouth Demo

14

Lines

15

London Array

16

Lynn

fi7

North Hoyle

18

Ormonde

19

" KEY

Rhyl Flats

20

Robin Rigg East MWS

Operaticnal

21

Robin Rigs West WE

|TDD, Consulting, Engineering

M2

Scroby Sands

23

Sheringham Shoal

24

Teesslde

25

Thanet

26

Under MWS
Construction DD, Consulting, Engineering

Walney 1

27

Walney 2

"8

‘West of Duddon Sands

29

Westarmost Rough
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Rampion Project

LOC & Longitude Contribution

ALOC Scope Overview

y RENEWABLES

®  Jurhine pcatien

B Uitshore substation location

A Mat mast
B Finehwindarm ares
| OC0 corsented wind fana
3
-

* Foundation Work Package

» Sub-station
= Jacket Transpert and Installation

she ared
BCO vpplication wind famt anea
Consuleed vilnd forae: aren

«  Corsultod additional wind
© fanmanga

. . . CrownEetate Round 3-Zone &
» Topsides transport and installation . UL . % ?ﬁnﬁdmhl;fnmdr;
*» Wind Turbine Generators : E3 ocposplation ol oo

* Scour Protection Installation R SN S Mu'mT‘Mi‘;mmo.m%@
* Rock Pad Installation ‘ : ' : '
» OSP Support Operations

* Pile Oscillation Study

» OSP Topsides motions analysis

data € Omves copynight > imiimd, AR cighs revervad, Procluet Lickn o No.see,




AF}OC Rampion WTG Foundations
* Conventional Mono-pile up to 825te
* Carried in a transverse configuration
¢ Friction Restraint — verification every trip
* Two vessels operating in the field

AF;}OC Additional Tasks on Foundation

Issues - Pile Cscillation

* Previously simplified analysis only

* Lack of understanding results in
restrictive weather limits

* Dangerous

LOC/ Longitude
* Pile Oscillation Computer modelling

* Interpretation of results

» Developed working windows to improve
operability and reduce WoW




dioc

F RENEWABLES

bioc

W RENEWABLES

Friction Restraint

lssues

*» Previously transverse piles clamped or
lashed

* Physical size and design prevented
securing attachments

« Sea state limited

Qur Involvement
* Worked with contractor

» Developed acceptance criteria based on
Guidelines

*» Testing program

OSP Topsides

lssues
* Transportation limitations
* Sea fastening internally

» Unfinished state required additional
equipment to be shipped

LOC/ Longitude Assistance

* Transportation study to determine limits

« Available on site — walk rounds and
constant feed back on sea fastening

*» Lashing Calc checks




bioc

W AENEWABLES

bioc

F RENEWARLES

Rampion Additional Vessel Operations

* Scour Protection

* Rock Pad Installation
* Supply runs

* Coring Activity

*» DP Capability Assessment
* Working Procedures advice
* Rapid response/ suitability surveys

m e

Humber Gateway OSP Installation

OSP Installation from TIV
* Lifting limitations — 1000te Crane

* Deck Space
* Difficult Sea Bed
¢+ Strong Current




WLOC Humber Gateway OSP Installation
Novel Approach

* Modular Construction

* Drilled Piles

* Installation from Jack Up

LOC Involvement

* Early Engagement

* Clarified limitations at each stage — lifting,
weather, time etc

* Developed CoA's with client / contractor
program

* Flexible

ONE PARTNER
WORLDWIDE SUPPORT

QL & GAS

RENEWABLES

SH[PPING

MARIME WARRANTY & CONSULTING

TECHNICAL ADVISORY, DUE DIIGENCE & EXRERT WITHESS

OWHNER'S ENGINEERING & PROJECT MAMAGEMENT

TRANSPORTATION & INSTALLATION ENGINEERING

LOC Renewables
?aswwm_ss p.cm”@loc-group.com
www.loc-group.com

A Peter Croll, Project Manager

LOC Renewables
?mﬂm r.ahilan@loc-group.com
www. [0c-group.com/renewables

A Dr RV Ahilan, Group Director

MANAGEMENT OF MARINE CASUALTIES AND WRECK REMOVAL

METOCEAN
GEOTECHHICS
ELECTRICAL
STRUCTURES
CIVILS

MAVAL
ARCHITECTURE

HYDRODYNAMICS
MOORINGS

MARINE & SUBSEA
EHGINEERING

MARINE
OPERATIONS
SUPERVISION

SURVEYS
INSPECTIONS
AUDITS




Welcome

WIND . ASSURING CONFIDENCE
THROUGH COMPETENCE

Introduction DyNaLab
Torben Jersch

-
110 ~ Fraunhofer

® Fraunhofer IWES

- ,End of Line” Tests

{ Development Test + Optimization

-{ Design Verification / Analysis / validation
{ HALT

{ Grid-Compliance-Test
-{ WEC- electrical Certification—Test
{ Complete certification tests

IS RIEIE

2110 2 Fraunhofer

& Fraunhofer IWES




Test Bench — Overview - Outside

Offices
Nacelle test rig

Electrica

her test rigs ,_/

3 36 © Fraunhofer “Z Fraunhofer
IWES

Key point:

-{ 10 MW Motor

Load Application system .
DUT 2 - 8 MW (to 400 f)
LxWixH (18x12x13 m)

Test Bench — Overview - Inside

| Hubgeriist |

44 MVA Grid Simulation
Drivetrain 5° Inclination

P L P

]

32 Mio Investment

al input

LAS

MV-Inverter

Surce. IWES/IDOb . .
4 4o @ Fraunhofer = Fraunhofer

IWES




Dyn. Load Application - Virtual Rotor

-{ 5 DoF
\ Axial forces: £ 1900 kN
Bending moment: + 20000
kNm
Dynamic: .
to 30% max. load=>» 0-2 Hz
smaller loads=» 0-3(4)Hz
-{ Stat. & dyn. Weight
compensation

-/
-f
AY

]
o~

~{ Installed Hydraulic Power 1,2
MW

/10 Z Fraunhofer
© Fraunhofer IWES

Key Point Grid Simulator

Example of 36 kV Tapping

~{ Nominal Voltage, Tapping for
10/20/36 kV

' Desc’rip_tion" --'-'36-}(_‘_\/'. __':':'33 kv

. Continuous Power - ISMVA. | .1354MVA

A
\ 3 independent controllable phases Short Term < 3 30 MVA 27,09 MVA
-{ Controllable amplitude Co
i Sho{;;;rsm S 43,09MVA - L 39,50MVA

-{ LVRT to 0% o pAB0ms s R
Inverter Limit 44 MVA 40,33 MVA

~{ HVRT 130% by additional Tapping

 Virtual Impedance  upto 300 MVA . upto251,5 IV]'_V}B(-E
13/26/47 kV ' ' )

Voltage 0..130% 0., 142%
-{ Controllable Grid Impedance O ' 0“;_;:;4'6’.8‘1(\, ; 0..46,8KkV
-{ Controllable phase angle Low J;Ig’gfaﬁc THD <29 THD <25%
-{ Frequency 45 ...55 ... 65 Hz el THD R LY
={ Harmonic Injection, (planned) : _vh&hi‘!c.v.bltaé'é.':-* JHRS% . THD<S%
6 6710 © Fraunhofer Z Fraunhofer

IWES




Grid Compliance Testing - Voltage Sags

7 7110 % Fraunhofer
IWES

Grid Compliance Testing - Voltage Sags

—_
1.09.2017 8 810 4 Fraunhofer
TWES

@ Fraunhoter




Further Test Benches

-{ BeBenXXL - In Operation {Suzlon)
-{ Pitch Bearing Test Benches - in Operation (Senvion)
-{ HAPT — Pitch Bearing Test Benches - in Construction Phase(Hamburg)
~{ Hil-Grid-Cop - in design Phase (Senvion, Nordex,
Vestas)
910 Z Fraunhofer
& Fraunhofer IWES

Thank you.

Questions?
Torben.Jersch@iwes.fraunhofer.de

10110 % Fraunhofer

@ Fraunhofer IWES
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ABB Medium Voltage Drives

Solutions for Teststand Applications

Kai Pietilaeinen, Special Applications Manager

Content

ABB MV Drives

- Introduction

Main Driver

- ACS6000

- Wind turbine test stand
- Examples

- Motor

QABE
September 8, 2017 | Slide 2




Wind Turbine Teststand

Generator

Component Testing

Features
= DUT could be motor or generator
= Multidrive configuration
« Very low THDv out (DOL. motor test)
= Asynch & Synch motors - parametrization

« High speed (frequency) requirements

DADRR
September 8, 2017 | Slide 3

Wind Turbine Teststand
Gearbox

Component Testing

Features

» Multi motor configuration usually required (power
regeneration on the DC bus}

« Depending on the complexity of the gearbox, more than 2
motors can be needed

« Dynamic load & speed profile (e.g. to simulate the gust of
wind)

ABB

@ABR
September 8 2017 | Slice 4




Wind Turbine Teststand
Nacelle ‘

System Testing -

Features

= DUT could he the entire nacelle or single components

{gearboxes, generators}

« Direct drive (low freq, ca 8-10 rpm) or gearbox

©ABR
Septernber 8, 2017 | Slide 5

Wind Turbine Test Stand

Grid Simulator and Main Driver

Scope

+ Input transformer
+ ACSB6000 Multi-drive
+ 12 MW
* 8rpm
+ 33 kY grid-simulator
+ Output Transformer
+ Main driver Synchronous motor

Commaon Voltages Taiwan
10kV/11.4kV/13.8kV/26kY

Site grid

ACS
MV DC

MV Drive

-

POWER FLOW

<>

DaBE
Septernber 8, 2017 | Slide &

A




Single Line
One 8 MW Main Driver

Main Drive train:

« Synchronous motor

+  Power: 12 MW @ 8rpm
» Speedrange: 0-25 rpm

Gridsimulator

*  SCC capability: 44 MVA

+  Voltage: 33 kV

+  World wide grid code capability
«  HVRT

+ LVRT

* Single phase LVRT

» Single phase HVRT

+  Grid impedance emuation

« Harmonic injection

Grld connection

ACS6000 one line-up

Bupply uslis
TNW

ASEE000 OC-Bus.

AN (O

NN SNN

2.3
AT mpeler shat / gaar box _I_

®ABR
Septeinber 8, 2017 1 Slide 7

Wind Turbine Teststand

Nacelle

Main Driver Motor

Features
« Synchronous Motor
= Single motor for 12 MW & 8 rpm
= Speed range up to 25 rpm
Simplification of the mechanical setup

=« Easy protection or the motor
=« Straight forward control in & wide speed range
= Easy assembly at site

= Easy maintenance
= Highest efficiency
» Mature Technology

SN[

DS

OARB
September 8, 2017 | Slide 8
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Single Line
Tandem motor 12 MW Main Driver

PEGS

PEGS Cantroller

Main Drive trairn:
* Synchronous motor
+  Power: 12 MW @ 8rpm

+  Speedrange: 0-25 rpm A Be be e Be Be Be
DC -7 DC A AU i AC AC AC - AC
Gridsimulator s . *i(; e
+  SCC capability: 44 MVA b
+  Voltage: 33 kV P '
+  World wide grid code capability :»C){ @ @
« HVRT R —
< LVRT

+ Single phase LVRT

«  Single phase HVRT " o)
+  Grid impedance emuation _/

«  Harmonic injection

DABS
Septernber 82017 | Slide 9 AI“;

Frl H
— E
Wind Turbine Teststand £l
i NE S :
Nacelie / - B
Main Driver Motor L.D I E g
Features = *
« Synchrenous Motor MaHTDEE
= Tandem closed coupled motors for 12 MW @ 8 rpm Wiifioeeotmtars i
» Speed range up to 25 rpm s = “23;43'
= Simplification of the mechanical satup 12,0 MW
1,000
« Easy protection or the motor A - TS A
= Straight forward control in a wide speed range e Lot verea 15,0 MW
. Hatedvalagd 3,000 kY
- Easy assembly at site 5 p 106
- Easy maintenance I R Lo
IR (R ARSTINRl 100,0m
= High efficiency Eatee 32.10Hz
« Mature Technology 8,00 - 25 rpm
30,00 rpm
636 |
0,080 pu

P BADERAREIS
September 8, 2017 | Slide 10 Ak




ACS6000
Outline, ACMB113_F12_2s9_4a9_1V3_C38_C37_W3a_W3a

]]]]]] e S -
0 L 1 = I i L Lol m A% e 1968 g TR N {1
BN 3rRRLD B (v 115803 L E72E] 18| [ETECTINRE E s SN XL U SO LY T O 1L LI 1.1 1 ppal
oo T A
. . _ TTTRTE X w
- ' - g )
I ] n h it ¥ ] h
- ]
kLt 8 P .
Al d- < , B .
“ l%ﬁmi IE@‘*!E - !I'ﬁ&ml -—
Cust A-A. (withoot base framey
. 2 52 o LM e 2 M o ih 2 e B 2A
f i E i
BB | | | | B
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DARE
AbBB
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Single Phase LV Ride Through

_ Srphase Uneto-Neuteal Yoltages

L

204 . Lo C
41435 LAS 1475 15 1S5 18 155 15 1625 15 1675 L7 7B 108 A715 18
. Tirna fsac}
Lina Currents

0%
.. 00
206 R a .
ﬁﬂzw—
-406+

A0 f . M ' ' ' ' !
14 1475 145 1475 13 1835 185 195 16 165 165 1875 17 1915 175 19 13

Active and Reaclive Power Time &acl

pusn A

POWER (MW
ta = I:J Jl: o

= d‘l 1 1 1] ] 1 | »
14 A7 145 147 15 155 155 155 15 165 145 167 17 1A5 L% 175 18
Time {560

RASE
- & 1N
September 8, 2017 | Slide 12 HIIII




3 Phase LV Ride Through

3-phase Line-ta-Neutral Voltages

18 1825 185 18/7% 19 1925 195 1975 2 Z025 205 2075 21 217 215 Z1s A2

-0 - | ] 1 | i | | . | .
L LB J:.IES 1.3|75 .'1.‘9 1.525 ﬂ.éﬁ H.QIYS 22085 205 a075 21zl 215 All5 22

Aclie andd Reattive Powvar Tima {sec)

&

4]

% E_HWJL\‘

= 0 I

= gl

= rom P
& _amn [

—i i | b r 1 ' 1 1 1 i T T
18 LEIN 85 1S5 1% 1925 LB LSYs 2 AN A0S AN 21 2125 AlS 21T 23
Time [sect
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n
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BUNDESAMT FUR
SEESCHIFFRAHRT
UND

HYDROGRAFHIE

Offshore Windfarms - Licensing Procedure
Visit of the Delegation of Bureau of Standards,
Metrology and Inspection (BSMI), Ministry of Economic
Affairs (MOEA), Taiwan

German Exclusive Economic Zone

BUNDESAMT FOR

SEESCHIFFFAHRT
UND
HYDROGRAPHIE

Baltic Sea:
4.500 km?

North Sea:
28.600 km?

i Miodoriande




Political framework

+ Target in Germany: 15,000 MW offshore
windenergy by 2030 in the EEZ and the territorial

sea

« Renewable Energy Act: 40-45 % of the electricity
supply must be generated from renewable energy
by 2025; 55-60 % by 2035; 80% by 2050

BUNDESAME FUR
SEESCHIFFFAHRT
UND

HYDROGRAPHEE

Wind farms in the North Sea

SUNDESAMT FUR
' i i T L e z;h:a[s)cuwmnkf

8"y 1

U]

Exteme Datenquelian: ;
Elsam A'S {OK) ~
Rijies Waterstaat (NL) ;

B UNDESAMT FiZ
J’ SEESCHUFTARET
! i . uap
! o HYPRUGRAPIDK
\ Danemark

wr BE

HYDROGRAPRIE




Wind farms in the Baltic Sea

BUNDESAMT FOR

SEESCHIFFFAHRT
hir " UND

HYDROGRAFHIE

e L Schweden

Danemark - B T e

Exierne Datenuelien: ’ :
imiskarium fie landiehe Riume {S-H)
Miniskorium fut Yerkehr, Bau vnd Eandosontwichiung (9-V) By
Beri - G : _‘

Katmar

W‘hi ﬁ!ﬂ-'E. IZ‘%IE EI’ILE L} _.E‘

State of Development

BUNDESAMT FUR

SEESCHIFFFAHRT
UND
HYRROGRAPHIE

Offshore wind farms

* 34 approvals
(2062 turbines)
» 5 projecis under
construction
* 14 projects
operating
» 1015 turbines
with 4.600 MW on the grid
» 7 converter platforms built




HelWin alpha & HelWin beta

CQuelle. Bund exgirektion Bad

BUNDESAMT EUR
SEESCHIFFRAHRT
UND

HYDRDGRAPHIEE

Wind Energy at Sea Act (WindSeeG)

Planning Approval required

A plan may be only approved if there is:

no threat to the marine environment

no threat to safety or efficiency of shipping traffic

no threat to national or allied defence

other public law requirements (such as Maritime Spatial Plan)

Positive:

- concentrating effect, no other public law licenses are necessary
(all licenses are concentrated within one license)

- balancing of interests (fishery, sand and gravel....)

BUNDESAMT FUR
SEESCHIFFEAHRT
UND

HYDROGRAPHIE




Application Documents

BUNDESAMY FUR

SEESCHIFFFAHRT
UND

« Environmental Impact Study HYBroGRAZHIS

« Design Basis (according to Standard ,Design of OWT*)

« Preliminary Draft of Installation Structure (according to
Standard ,Design of OWT)

» Technical Risk Analysis
probability of a ship/wind turbine-collision

» Prognosis on the hull-retaining configuration of the
substructure of the foundations

BSH-Standards

BUNDESAMT FOR

SEESCHIFRFALIRT
UND
HYDROGRAPHIE

Standard Investigation of the Impacts of Offshore
Wind Turbines on the Marine Environment (StUK)

» 4th edition of Oktober 2013 Standned

» Reguirements for the Environmental Impact SRS
Study and monitoring during construction and
operation

. 144
. A
n

http://iwww.bsh.de/en/Products/Books/Standard/index.jsp

10




Environmental Impact Assessment

BUNDESAMT FUR

SLESCHIFFRFAHRT
UND

Assessment of marine environment HYDROGRAPHIE
features of the project area in the during construction and operation

sea before approval

investigated subjects:

- Benthos

- Fish

- Birds (resting birds, migratory birds)

- Marine mammals (harbour porpoise, seals)
- natural scenery

- cultural assets

11

Noise reduction during construction

BUNDESAMT FOR

SEESCHIFFFAHRT

UND
HYDROGRAPHIE




Standard Contents of an Approval

BUNDESAMT FGR

SEESCHIFFFAHRT
UND
HYDROGRAPHIE

» requirements for safe construction

« use of environmentally friendly substances, non-reflecting
coating

* requirement for “collision-friendly” foundations

» requirement for noise mitigation measures

« requirements regarding the equipment (including nautical
lights and AIS)

 duty to decommission and financial security for
safeguarding the costs of decomissioning

13

BSH Standards

Standard Ground Investigations for Offshore Wind Farms

« update February 2014
« geotechnical and geophysical requirements

Standard Design of Offshore Wind Turbines
* update July 2015
» Requirements for the construction and certification of
constructional components of an offshore windfarm

14




alpha ventus & FINO1

BUNDESAMT FUR
SEESCHIFFRAHRT

UND
HYDRCGRAPHIE

Bard Offshore 1

15

BUNDESAMT FOR
SEESCHIFFFAHRT

UND
HYDROGRAPHIE

16




Thank youl

BUNDESAMY FUR

SEESCHIFFFAHRT
UND
HYDROGRAPRIE

17

BUNDESAMT FUR

North Sea — EEZ: Maritime spatial plan

St R I

SEESCHIFFFAHRY
UND
HYDROGRAPRIE

priority areas for shipping,
pipelines and offshore wind
energy (i.e. must be kept
free from obstacles)
reservation areas (i.e.
shipping has special weight
in balancing process)

no wind turbines in Natura
2000 areas

targets and planning
principles

clarity for investors and
stakeholders

18







DNV-GL
ENERGY

Risk Management in Offshore Wind and Certification

Offshore experience matters

1 DNV GL® 2014 DNVGL-SE-0190 SAFER, SMARTER, GREEMER

Why are offshore wind projects complex?

3 DNV GL® 2014 11 September 2017 DNV-GL




Independent expertise by a third party - EXPERIENCES
extract of references

Lessons learned from more than 60 offshore wind projects

* London Array = Horns Rev II

= LINCS = BARD Offshore I
= Thanet » Meerwind

= Walney I & I1 = NGrdlicher Grund
= Greater Gabbard » Innogy 1

= Barrow = Nordsee Ost

= Kentish Flats = Alpha Ventus

= Burbo = Baitic I

= Lynn & Inner Dowsing = Baltic 1Y

= Rhyl Flats s Wikinger

= Robin Rigg ¢« GodeWind I + II
v Teeside = Borkum Riffgrund
» Gunfleet Sands I, II, II1 = Sandbank

» West of Duddon  Albatros

= Thornton Banks « Northwind

= Fgmond aan Zee u

4 DNV GL @ 2014 11 September 2017 DNV Gl

Power plant project and certification - PHASES

» Project phases

S ~\\\:=: \:\
‘&%\

+ Certification phases

DNV GL ® 2014 11 September 2017 DNV-GL




Wind power plant - ASSETS

Offshore wind power plant assets Onshore wind power plant assets

=

? DNV GL @ 2014 11 September 2017
2015-10-21

Project certification scheme DNVGL-SE-0190

Corrification |

phases
i, YO WW

Project phases Click to section

R N—

power plant |
rycle phase:
3l

— gy —
[+.2] Commissipaig,
4.3] n

[4:4} Mardenarce

24

{233 4, [42.2), 14328 [44.3]

e
S H I 23 {2341 4, X kA 14.2.3], {4,3.3], [4.44!

1. !l (23] 113) 4. 3 [A24], 14.24], [4.45]

W! I 2] {2.26) .3, 22,55, {2.3.5], [4.4.6]
| W | e m— — L .
— - S = . T = —m—

Asset related
deliverables

8 DNV EL© 2014 11 September 2017 RNV-GL




Concept

P Dt B rim Dk, P B
S — i A - . 4

= Plausibility check of the wind
power plant concept

» Demonstrating a feasible
concept of the wind power
project

10 DNV GL © 2014 11 September 2017 DNV-GL

Design basis

R R SRR RN A SRR 3
e e iy
DRVG

R D R N SRR S R S T RS

» Design basis covers the SmLsseLLE

BERVICE SRPRCIFICATION
G ST Exhit venthey 24

site conditions and the basis for T ———
design and subsequent phases.

witknes according to 1EC 81500-22

Projees cqrtiication of wind farms
accarding to IEC 81408-22

R SIS S R T
e DRI
DRV-GL

BERVICE SPECIFIGATION

DI B L Exdun Juva 2t S

Type and companent certification of wind
turbines

SERVICE SPECIFITATION

= Demonstrating that a feasible
and compiiant catalogue of et cermton o v o anis
applicable standards and
methods is prepared and site
conditions are clarified.

11 DNV GL @ 2014 11 September 2017 DNV-GL




Site-specific Design

X

Wind Turbine Wind Farm Site

Turbine Class Site Conditions

12 DNV GL @ 2014 11 Septamber 2017 DNV-GL

Manufacturing surveillance

it % N N \""%”

* Manufacturing covers the
surveillance during
manufacturing of the
project related assets.

» Demonstrating that the
manufacturing of key
components is in
compliance with the
approved design.

13 BNV GL @ 2014 11 September 2017 DNV-GL




Transport and Installation

D i D i Dl DU B

= Transport and installation covers the
surveillance during transport and installation
of the project related assets.

» Demonstrating that the transport and
installation is not interfering with safety and
integrity of the assets.

e

16 DNV GL© 2014 11 September 2017

Imperfections at bolted ring-flanges

SR 3 S S T T

Turmsottige Winkelklaffurg ke (rotationseymmetrisch)

Flanachssitige Winkelklaffung ke (rolatlonssymmefrisch}

Paralielidatfung ke {Ober sinen begrenzten Umfangawinkel ¢)

17 DNV GL @ 2014 11 September 2017




When thing’s went wrong...

18 DV GL © 2014 11 September 2017 DNV GEL

Commissioning, operation and maintenance

* Commissioning involves all
foliow-up evaiuation and on-site
inspections during the
implementation of the project.

= Operation and maintenance
relates to the concepts and
manuals to be approved.

= Demonstrating that the assets
are ready for a safe and reliable
operation.

i

19 DNV GL @ 2014 11 Septembar 2017 DNV-GL




Source: BWE
S

20 DNV GL © 2014 11 September 2017

In-service / periodic monitoring

DINV-GL

ERaa——— e e e

. S
). o

7 AN

» In-service involves follow-up
evaluation and periodic on-
site inspections after start of
operation and the power plant
lifetime.

= Demonstrating reliable
operation over the lifetime by
independent survey and
evaluation of the asset
conditions on a regular basis.

21 DNV GL® 2014 11 September 2017




Certificate and statement (sample)

S

L e A
G

PROJECT CERTIFICATE

Vs it

tres}

Iesiros tacs

<Wind Power Plant>

Comprueny
<Wind Turbines, Substatlon, Power Cables, Cantraf Stations>
St o A 3

Tsuya m:

<Wind Power Plant Devaloper>
< Addreds Foa >
© it boa 3
Arordtng o1
DNVEL-SE 5-52 Project ian of wind pawer plantas
Bastad o et JotUTaNLL:
OB-KMGL-GE-01 801081 |- oy | Pesign Avake Stutamart of Comglante, Jpss vyyy-mad
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28 DNV GL © 2014 11 September 2017

Claims from insurance perspective and standard development

R

R

DNVGL

STATEMENT OF COMPLIANCE

Staterwd s e
CRDIUGL S6DIEEED wth | nghlm) YY1 o)

Ispo for;

Design Basis
o

<Wind Power Plant:>

Carrating:

<Wind Turhines,; Substation, fower Cables, Cantrol Statian>

Spacded i Mk 1

Bved !

<Wind Power Plant Davalopar>

< Addomsa e 2
< MR 1

Arconing b

DNVGL-SE-0190:2015-12 Project cortification of wind power plants

Enewt ot tha ditumenty:

Chage of 1ns 49N LAKS 21k 1 68 Bpputved by DRV &L

PeLr, Prpem-(d
it DAY 0L Renuwratden CerfiTyatan.

e R
ot s

Vlacs, yryonnr )

fomas_
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It

ok 1)
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For DNV QL Ranarvalos Cartificaisn

DNV-GL

CARClatns by numbers

Equlpatent I

Leasell equipment -
Orshore Sehstetion
Dffshre Substation
Cables | ,

Bade NN |
 Maclleasel, gear and transfesmues '

Trasomer D

|

Tovwer h

Foundations
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“..insurance claims totalling more

than EUR 60 million in 2015,

according to a report by GCube
Underwriting Ltd.”
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We work with the best

DNV GL is proud to be working with the best
in the industry. And when it comes to
breaking new ground and ensuring lifetime
performan'ce - experience matters.

= More than 40 years of experience in
wind energy

= Active in developing standards,
guidelines and specifications for wind
turbine structures and components

= by continuing the own scheme and
make it continuously better since 1986
{first wind guideline}

= Leading role in developing and revising
international standards through active
involvement in International
Electrotechnical Commission (IEC)
committees and European and national
standards bodies

« Accredited by global accreditation body
DAKKS to provide certification services
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Thank you for your attention!

Fabio Pollicino

E-Mail: fabio.pollicino@dnvgl.com
Tel.: +49(0) 40 - 36149 - 7057
Maobile: +49 (0) 172 - 511 43 17

www.dnvgl.com

SAFER, SMARTER, GREENER
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