B S (HEER] © BE)

s
ﬁm
[l

AR5 TATER -
P
YIGINETE S
tHERIHAR
e H

LA BRI B AR E]

=¥ CWAVAE]
FEGAE B TR
S5 ~ BEE
106/11/15~106/11/22
107/01/19



Freke 2 “T LM R L R E

Fac 38 gz lAE

MR AR/ R /TE T a7 /AR IR/ (02)23667685
DBA R /PR /B T

FEn/ o wn 2\?/@]%”‘ 1 ® BN /R A% /(04)25211596
hRgEs [l Y a2es 13~ M F 5w

DR AL 106. 11,15, ~106. 11. 22. TRE RS CER

4 p 2 107.1.19.

L HEEL/ B

Mats & %7 3k (0ffshore substation) ~ # i ¢ # 4 & B (Static
synchronous compensator) s L s AT F B (Static VAR
compensator) ~ A s & o g 4 (Line-commutated converter) ~ &

R Bk 3 Vol tage-sourced converter)

PEREE (ZPFPLIZFF)

AXF Y SEEHRFE R0 B R B RS BT R R g
R TACRARM TR B0 PR KRR AL WG Dk -

A RRTAOPTRERAE cERE S AR E FEALLM S 30 mER F
R AR VAR E IR ETRR R TRt A RRENFEEF T
,m“ﬁ‘éﬁﬁﬂm%"KEW%*ﬁﬁ*”£EJ%§P&3%£§”“’3%
o R BB TN RE REIRE > T b 3 g R R il ahE Bk
SEARE LR TR L RR A EF R TR BRRIR F R R mi:#s:/?f
Yo jEd A=t Galloper i ' b 39 G4 % » BRGE- H e koo
sm ﬂ\:'i? 3 iE A7 Y ,g%;;‘pgi]gqﬂ%-%g«_gg%ﬁg ’f"‘f“zi;ii?“‘ B BT (5
2R 0 T R PR ED B ERATRIZ A P BRE R T o 17.—7J\ A

A R FAHe BT N RERL TR (http://report. nat. gov. tw/reportwork )



B B L E - eeerrerermrnrerereneennnnns
1.1, EFEEEEEeeeeererrnnee et
1.0, EFEEEJ-eeeereerrenneeeeeereen et
BETIHBRR oo eeeereenmnmneeree ettt et
1. R BRI AR - oo eeeeeevrmmmneseeeeeemennninnnens
22, GE ZEREAY AT 1rvevveverennnrereereseeeeeeeneen.
23. GE HEBSIATIRE S eeerrerrmnnereeeeenmmmnnnnens
NG MBS oo
31, BRI AR
32, G IR T BERR e eeeenn e
33, BHIE-Galloper TG LJEES «woveeereerererrennnn
34, FGEEEEERBEE --oooeeeereenrraeeeeeeereniinins
B L AR AT TR v v v eeerrnmenmnereeenenennenans
R AT b =1 P OOOUUUUUUUUUUTPNNNN
51 BE AL ceeeen e
59 =S 1 (NN PPR

10
23
26
30
30
31
33



3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20

HX
Y PR BIEAERE e 7
By Ry 3
LR EEAE G e veereeeeeereereeaeeens 3
SRS RN v veeerreeenrneeenreeenieeeanns 3
B L 9
NG F BB oo eeere e 10
Galloper T8 BB AL T -+ +eeevveeerrrersrsrensneesnnees 10
Galloper 35 R R I REZUBHIRE - v vverveeeeer- 1
Galloper 35 SR HE TS B+ +evvererereereeereers 12
Galloper /5 ST IEEELH[E]--- - vvvvvrereeneenenns 13
130KV GIS ++vvvevrerrernreneeneeunemieniememnerenns 14
130KV TR vvevreereeneenennermnmunerneeneenneennenns 14
FBKV GIS ++vveerrerrnrenerneeneernenienernerenerneennns 14
Galloper g S EEUATR{H 3D BUE ] ----eevveeeee 15
Galloper g E BB UR SR AL ] - - vvvvvvveeeeeee 16
Galloper 38 B B IERG ETL Bl -++-vvveeveeereeer 16
Galloper 3#5_F &L ¥ FRAR G P EACEE -~ 17
Galloper PEIREE UL BELGE -+ e vvereeereerreeseens 18
Galloper FEIREEEENE 161KV GIS+++-vveversreresees 8
20 KV ERBEE TH RS - veeeeerrreeesanreneenn, 19



321 132KV 40MVAR ZESR R SR v vvvvrrrrreeaensanaans 19
3.22 132kV 85 MVAR jﬁﬂ%ﬁ’%"'}ﬁ% ........................ 19
3.23  Galloper OFTO SCADA BGfZERE - +eeeeeervesreeeeeee 20
3.24 Galloper OFTO SCADA ZEFEIE]-----ooeeeeeeeeeree 20
3.25 Galloper WFO SCADA BEZEfE - ooeeeevremeenenee 21
3.26  Galloper WFO SCADA ZEREE] -+ --veeervveeersnes 21
3.27 Galloper WFO HMI BE % FA%-EE 4R & - v vvvvv oo 22
328 Galloper 5 RSB E TR --wvvoeervrererreeee %)
300 ASE BTN AR oo e e erererneeeneees 23
330 EBREMGREEBERERER oo 24
33] ERER B R R ER e ereeeeeeeees 24
41 OFTO IBRERREFTHAR - veeeeerevnrrreeeeeesesnnnns 26
40 B BRG] rrrreereeereeeees 8
51 EEEEENE Y BEHABEHE e eeeeerereeeees 39



3.1
=32
3.3
%34
3.5
%36
= 4.1

x® H $%

HX

t%%vﬁﬁﬁﬁ *ﬁ%ﬁ_% AR L LR TR R PRPPPRPRRR 7

AR L i BN S 9

Galloper 3 F IR HE TEFER oo oeerrrrrerereennnns 10
BT N T E S TS o eeevenenneeenennneeenennns 11
AR Lo Lol Lol (e O 15
B R SRS oo 25
?&iﬂlﬁé&}?—iﬁ%fﬁTﬁ% ................................. 29

T

15 92 A R EL A



1. 5T E8&HKEN
1.1. 51 E4%H

RIBEA NN 105 4 5 H 25 HEFREEFEHRS - SRR3R ESE
THAGALING - 26 SRR EEE ALY 812MW > ST AR E] 2 B 400MW 25 -8
Bk - SRlLE 1060 4 8 H 31 H T SRAERHR A T05 S KLIFEE g%
Hig C P EEERI R AREREESE 0.56W fHEERE > 2021 4 1GW ~ 2023 4
0.5GW ~ 2024 £E 1GW ~ 2025 £E 4GW > FA 2025 ZELARTHR BB E4EET 6.5GW BF4EE

o NAHRAETEIFEEE @ BENALE WA SN BB BEE - ARSI
IR EEBCR - RIREEEUETT T RN EICERE 'Y -

1.2. s EEH®

BOM £ BT AR A Bk R RIS e 0 08 BB IE(N o] Rk B k)
FAEE B R e (B IR FE i 2% 2 (2 S A AR (R D i 1E B8 ~ AR RRRE DO E 25
(STATCOM : STATic synchronous COMpensator ; SVC * Stacic Var Comprensator) * #&
DIRHIE S TE R BB e A 2 i R By BN BB AR (P18 ~ AR REE R - 55
S R EEIGEEE R & 2 EEIEIaESS » B TIIREERE - {RinEE
S ROV FEEE B S BRE R 87 1E(Offshore HVDC Conveter substation)d &
AT T 38 T2 R 2 - SRR R S M B BRI S MR B (1
IR B EEEE » e - AR ERAGEY - FFKEERIN 4 1R
RS | FR AR - Rt BRI - DA S AR PR R i B 2 51 A< )
ARG R T S F B BB HIREE -

gRRmmmRmEERE "L



T fF # =

106 411 H 15 H~
I1H1SH

Ik R AR5 — o7 Bt ol ARt
RIS — 25 BRI B 2 B AR

5~ {MES

g
L e R — S R R —
SRR

106 411 H 16 H~
11 518 H

GE Z3Hisr A E]
(GEREE ~ B EE)

STATCOM JErrHfuls ~ BEhigs

WA TR S

106 411 H 19 H~
11 H19H

Z5 BRI B S E A 5 — T B A
HT 85— B e

TR
(TR — 25

106 4 11 H 20 H~
11H21H

GE #2732 ]
(HTEAETE ~ FEALLER)

-EEF

HVDC K SVC i =

SHICE

RIS B L 22 57

106 411 H 22 H~
11 H24H

HEfmE

NEGE R

106 411 H 25 H~
11 H26H

ARetEREEE

Rl P 28524

S S S — fe R e 1)
L SOREY: g N EEE S

FEHEE

RE
(FLB— fe R it — =0

AR By 106 4F 11 H 15 HZ2 106 4 11 A 22 HHE 8 K> JHETA
20 HERABITIE » 21 K 22 H AR - (HRERERESRA — R h 2 TR
T ARG S o M RAEREIIA

B
NHSTTAE 2 B 2

TR (EAH R EZ N R BIREEDE 4 RIVE—RQL H) - BCE Rt E
SRR 2.5 /NRFHNZ PESREERERUEEIEE 1 K > S ek 3 RN feBIHEEDE -

g R UL R B



2.2. GE 3543 A SR/ - BT EE

RREE G FE GE S5 7 A AT
JEHEE s - B LM - STATCOM &2
TR » RN G R R AL TR
NOKIA & YR & LR > Z 1% 4% GE Fir

BERE S B O Tt HEE T GE

FACTS(Flexible AC transmission System)
WrAE o BIEERIHE STATCOM EAYE,
BRERER » W23 A S EhREIEEE K oo i
24 EEZERTDS Lab © Real Time Digital
Simulator Laboratory) » #& AR A#E B FiT A
Bi 72 Z040 B (R 58 & 40 09 T sl B

(FAT * Factory Acceptance Test) it B FZEREFF - ZXH 2j | Kangasala = BREE 2R
FT(400kV 450 S FT 2. SVC s M sk i i e 1 LR R 3 A B B B A S

et 2 g B 7S SR AR 2 RS AIEES T - BT 3R4Y 270 A - R4
FE SR AR T (i S AR B (& SVC Kz STATCOM) » #% g A EE I B3 TR it

GE N EIFrR By E R ILpr AR R E R R -

2.3. GE BB A EI i - HriE ta s

S 5 1R PR AL 5 TR B o B Ay — A
EFEEN > 1 GE Z&E i BRI &
¥ > BTEAETE Redhill U 2017 %

Bk

RIS WE 5 GE BaEsEmE |

J& AN B fir 85 5 P (digital substation) ~ /& _F i
B T ME B B R R EE RO R R

g R UL R B




g F R ILRERCE M E

TR > B (Rl B T4 1700 44 > Hp4UA 400 AR LIFEEE R B EHEEEE
st B R EATRA S s > B E g R R BN A E 2 HEt
aa A 8 BBHTEIRSITTE -

AR EBFEAHEI A R e O S B E Ry L > B0 B
ESCHAT R T S g S F I T R RS R - HEAL AR
BB H i bR RO O RS e e A ENE EEGETEE > [Fl - IR
FIFH I EsEEex A FE 5 A RIE B E RS EE - a5 Hie SN EONE -2
BIAE R E G5 Z A SRR &R o & H TR PRS2 BTEEE
Maxsine i HVDC VSC Valve(half-bridge) 5

STATCOM VSC Valve(full-bridge) = 4025 Kz
M TRE - ZRRA 2 fraktadiEer > H |
R IIAEE B R d s TARRER » THERf K
AL SR ER BRI T Redhill i HAT
Maxsine {65 1 RAEZESR - RFSCRET
T ZETHR R FER S B 2 -

B H — FF- B8 H i (0 S BB PR R B Y B 1R Se BRHY . Galloper 8 LSS T2
JBHYEESR LG - BRI EHACE A 1
B 13KV ZRASEGFHRRR © 2 EFFRRE
Vi~ 2 BRRER R 2 RS |
s AUt LRI G R E e E |
Rk ROt e BB R B A FFTRE e
FRRR B AR - SRR LR T E. B

RS 3 % -




3. B EEBIMSERCE NS

3.1, SEEE VA MAEZE

i SRR IR 5 (A AR AN I R R I BRI TAR R AHE] - B RTHYERE TS
S DR R R E Ak SRR TR E FIELE5E - Rl
P ~ SR SRR T AR B 28 - BTN T — 25 RS TR
RUED > ARSI RIS £ 25 | 2 VAR R AeE - G REaT

3.1.1. FEREEHIER

FE] EFEMA WA - 55— 2 SR & (BSI ¢ British Standards

Insititute) TS AAHYSLEI B LA (BS) - ANEFRERHT CNS » F 25 AR s BS 7354

<

(Code of practice for design of high-voltage open-terminal stations) * &% &/ & &4
BIHEAEN) ~ BIFEEEAEBAHARASO) K EIRE T2 B @ (EC) AT Hl EAVIREAE » A0ANLA
B EEAHEAIEZ BSEN ~ BSISO & BSIEC: 25 HHRIE I %
EE4E X E](National Grid)FfrllE 1Y 8 SR e AR AETHRBRIIEAE - B2 SR it { T R ZHAL
B AR TR E RITERE- R 2R T 5 E Hl = (Ofgem) B 1% i 8 - FHEH]
AAZEEE By Relevant Electrical Standards Transmission Standards > %1 RES TS 1(Ratings
and general requirements for plant, equipment and apparatus for the national grid
system) ~ RES TS 2. *(Hl & substaions, switchgear, substation auxiliary supplies:-+) ~ RES

TS 3. * (& substation interlocking schemes, earthing requirements, circuit breakers:-+) e

3.1.2. BIFEEREE A EIREAE ¢
FHASE S SRR AT A A AR A 2 B REE A E] RS TR
RrifrEE £ S S HERE o 40 DNV-GLQ013 &6 ~ ABS(American Bureau of Shipping :
FACILITIES ON OFFSHORE INSTALLATIONS) 5z BV(Bureau Veritas)Z o S DA
DNV-GL & B EEAVEE AR A fy 58 %% - Hoft DNV-0S-1201(Offshore Substations for

Wind Farm) 5 /& & [ 85 88 b B2 & > 3% £ B Y 2016 £ & 4 3 B AR &




15 92 A R EL A

DNVGL-ST-0145(0ffshore Substations) » FL {3 EEREEEANELE A ~ B RaET
Gifdat ~ KK FIRIENTE ~ AR - R RE - T~ 2 ab il foEE
HESE A RERAVERT  (BR SME EE AR R B EE T E Y E  E B A -
MEEEsas Ha(EEE R 2y R EE 240 - Wil 24 - TENARY - Bk
F I S B R Z1 8 - e DNV-GL #{THYAMHRBAR #22H DNV-0S-D201(Electrical

Installations) ~ DNV-RP-J301 (Recommended Practice for Subsea Power Cable) ©

3.1.3. BIRETZEEJEC) :

WizZ B gAHlER e B AMEE SR Z BRI s AT - ATl B
DNV-GL 5886 2 SRl Y S AR P E A 2 R b R & B (55 [ TEC A
BRIk D AR B R AR B RS TR EE A TEC 60092(Electrical installations in ships) ~ IEC
61892(Mobile and fixed offshore units-Electrical installations) ~ IEC 61936-1(Power

installation exceeding 1kVa.c. Part 1 © common rules) °

3.1.4. BUPEARAE(LAHARUSO) ¢
2 SR EBUHRESE T B Y] o MHERGE TR = E RG> 40 1SO
17776(Petroleum and natural gas industries-Offshore Production installations-Guidelines on
tools and techniques for hazard identification and risk assessment) ~ ISO 19900(Petroleum

and natural gas industries-General requirements for offshore structures) °

3.1.5. EEEERAHBAM
EEOHYT e M EBCHRE R T 2 APL RP AHRAEEE - FEG A COHRIA
SR SEA BE A 2B 1B KB e A AV 7 1 H AR Ry a2 A7 SR B S am b it AR AR (L
% EEEE FE S o MRS LD RP 2A(Recommended Practice for Planning,
Designing and Constructing Fixed Offshore Platforms ~ API RP 14G(Recommended
Practice for Fire Prevention and Control on Fixed Open-type Offshore Production

Platforms) °




HEEMAS | BIERREAE | EEELZRE | EEER(L4H | HEEREAER
e & [EC & 1SO ER

British DNVGL : (%) | IEC 60076 ~ |ISO 12994 + | NFPA Codes

Standards : BS | DNVGL-ST-0145 | IEC 60079 - [ISO 17776 ~ | API RP 2A -~

7354 DNV-0S-D201 | IEC 60092 ~ |ISO 19900 + | APIRP 14G

BS EN * [EC 60099 ~ |[ISO 19902 + | NORSOK::-

BS ISO/IEC [EC 61378 ~ |ISO 20340 -

National Grid : | ABS : &) [EC 61892 ~ |ISO 9001

RESTS 1 -~ ABS 29 [EC 61936 ...

RES TS 2. * ABS 63

RES TS 3. *

% 31 5 EEELE IE R

3.2. /g EBEBEILEE N BE

3.2.1. Z5f%

FEEEATHRES BRI
HEEEE > BERT
PR T IIRR R E TR
W= > HTATERCD B
B - BEIETEIE 3
B o fx LI S iR
F(topside) > [& 3.1 f1a] LA
=gl b O N
B BE AL - UM
R/ NAEIME - H A HEvE R EnhE

Topside
SRR A Y

Trans:tlon piece EIEES

pstructure

3.1 W LS

pELE BEEANEREA -

g R UL R B



5 L

PG EBEIHAE s2aeR

FREVN  HHR 2 BRI %

B o RERHE O
efam EENR O IBEA
VRN RTHE R > 205 BASE BR
g~ AR DTES ~ = BEGH R
axcffg ~ T ERRARE R - B

BEMWEER  BA B 3.2 Jig - R
EERRF IRAY L2 B A%

BE o FEUR Ry T EELE N BRSO E R R N F L A PR PR S B -
WA

T Vi PR AR R e B s
J& - FREREE - EEL
4 hMES EEIE AR R
SEILEEIREIN AR
HIERE > /KRB RTET SR HEA
BEZFHEHK -

3.22. BEEE

g B RAY S AR RS A R Y
I pe I EER VL B > SF— AR ILE R
S ELSEEAEY » BRI ELY 100~150MW ~ B
[l HEEAR - S A E LY 1000 1 > —
ikt A 1 g P S R G R B DR > IR R
SRR R A B R (B [R5 Y B ) 58 = J R
H o

34 F—UB LEEh

R UL G E A H 8



FoRBEIZE N RLARE N-1 0]
ME > MEZEERSG  REFTEY
200~300MW - Sl KR 31 2% [C]ig I FE 4E > S5 % &
B - e BN E DS E SR
SR AR R EEEGE M SO H B 23 (FACTS) > 5%
i 4EER B4 3000~4000 M - /2 H ATECO L
JE\S 5 B AR A -

o = R L T A A AP LT IAHER Z (ER
GZEBILEIEER  —RKERESE
600~800MW » i £ FH ST {24 i i A e KL HY
BIRK  BHEEIERREBEM ST X
PR B B (S B it - bR T SRR AR
AR B ARG T RENVEET
Toff - DI e A B E 2 15000 MELL E
SEE N 25 TR ] AF RN R Ih
AN w1 RN A S D A = DA R (PN

& 3.5 55 Uk F 2R,

& 3.6 5 = B Ek

I i SRR -
Tr./SH.R./Conv. 1/0/0 2/2/0 20412
RE 100 MW 300 MW 800 MW
Topside EHE 1000 lig 4000 Mg 15000 Mg
FfR(E) 2 3-4 7

%32 5 LRSS SR (R HE)

g F R ILRERCE M E H 9



3.3.

sTE 4% | Galloper /& _FEIS

%& J Ga]_loper J: }_L;[:;j United Kingdom ———
3 .3 : 1 ' mi%mg ALDEgUF‘GH

IPSWICH
L]

Galloper
Offshore Wind Farm

e
. FELIXSTOWE

ARZEHE ¢ 132kV B L PEE B R EEE m

HARWICH

L]
CLACTON-ON-SEA

JEEHEE ¢ Sizewell, Suffolk, UK.
FHE¢MarE © Galloper Wind Farm Ltd. (GWFL)

3.7 Galloper & &35 i Bl

FH RWE Innogy ~ UK Green Investment Bank ~ Siemens Financial Services
& Macquarie Capital & 4 XN EISFA 25% 2Bl

PSR THR © 12 SR TAIBON R &SR TSR [F 52 (1 7 19.1 (BEUTHYRLE

SI4YHER - 2015410 H 29 H

g B TR

2017

Activity

Installation of first export cable (start: August 2016)

Preparation works at wind turbine locations (start: August 2016)

Installation of wind turbine foundations ({start: December 2016)

Export cable 2 installation (start: April 2017)

Array cable installation (start. April 2017)

Wind turbine installation and commissioning (start: AMay 2017)

Offshore substation installation (start: April 2017)

Wind farm operational (April 2018)
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3.3.7. BRI R L B AR B R B 2 RTHSI M AR
* 132kV SF6 RAGLEZBHRARL M (GIS) 2500A 40 kA13 FE(HY5E
JHEECE - FFAE 3.19)
< 20 kV SEEREEEIIAERFE(SVO)2 EGEUIRE 3.20)
W [RERSEERES 132/20 kV 87 MVA 2 E.
B TCR 138 MVAR / TSC 42 MVAR
m R
= 3 harmonic 8 MVAR
= 5" harmonic 18 MVAR
= 7" harmonic 10 MVAR
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% 130KV 40MVAR 3357335 22(Harmonic Filter) 2 ELGEANIE 3.21)
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3.3.8. Galloper OFTO SCADA ZE 1 & (E48 )

¢ OFTO has to control the grid connection link

(e i BR A 22 k)

B From J& L8EERL

B From PEEEEERL

W From ZmfZedl$is

% PCC with National Grid

(BB AERL)

B 132/400 kV

ARHT I = B R B P

_—

2007=11-21

3.23 Galloper OFTO SCADA E&#7e5i%

14:32

Leiston NGET Substation

Galoper Ofshore Subsisien
rrre—
[
= ey .
e | TR Lia EF v
| [
e - |
== sy =
i TR - 3

=

3.24 Galloper OFTO SCADA ZEf#[E

Cartegoes it Farms L2

ALETEM bt Potrstur &

OFTQ SCADA
DCS System Archied
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3.3.9 Galloper WFO SCADA ZEfE B (B )

¢ WFO has to control the WTs connection to the platform
(F2e 1 J pe L S8 ER IR A R4S )
WFO SCADA MAIN SERVER
B From /g FEEELL : : —
B From el
B From ZZUmfZs] 0
¢ WFO has to get Energy Metering for billing
Crear=sE 1l ¢

B From & F8EEELE

20017-11-21 14:35

3.26Galloper WFO SCADA ZRf#E




2017-11-21 14:06

3.27 Galloper WFO HMI E&#7¢ = #4- B 45 ]

One 132KV Onshore Substation One 33kV/132kY Offshore
Substation Platform

 EGEEECOWE)

& 3.28 Galloper & [ JE5 2 75 1 HilE

3.3.10. B LRSS ZHESH
< BB EERE(OWP)
B 56 %16 MW PFEFTFE -
W56 {5k 308 33 kV Y TBEEBRERESHING | g L858 -
< BEEEERE (OFTO)
B ESEERL - &2 B 180 MVA FEREERES & = KRB R 5%
WD {3132 kV _FEEA( 45km) BLFEERAEAS] A 850m Sh 8
BEUh [HElEEE s > & 132kV SVC, SHR, FILTER & 2 B K &ii
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W ) [O[EEAEEES | A 280m 4 HEHTIHE EE A
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34. BLEBREREE

45 L Y RN

7 8 = R A i (HVAC) 265 R B

Station &
Cost Lines & Stations

(HVDC) &K /i 5 28 48 {5 14 22 [Ptk iy 25

44> 2RI 2 /2 S B A (el Fe B ) (2

T HE A [E AL kA= R 2 0C
o - Gonverter

ZEWEE T AR S — Y > fEB & Stafions

T BB R R B AR

| Break Even Disfance

| 100 km

ne: 800km
HER AL REETEEE e Stalions Overhead line | Submarine line

i
BREEE > (BRI AR T - fransmission line
—ROB TR T B A 3.29 SCE AR ALLEE

80~100km > FFEHE] 3.28 °

H A2 %0 LRSS E (R 25 R S - (B AEREE SRR - B
HEEL /IO ETAYIG A - —IREVER S B ER AR S I B R as A & AR (R TRk
PP B — (B R AR T 28 - R AE R A PR B 74T 10 RN e RS
gk DS BRER 7 IR RE RS A B T o SE SV HE A Y = BR B SRR ilo E 2
WA > 43 1] e B LR 4R S B i8(Line Commutated Converter, LCC-HVDC) K =5 R

ELR BB EL A (Voltage Source Converter, VSC-HVDC) &gy 2247

34.1. BRREREREEEMEHRQCC-HVDC)

TR B 7 3R S A LM P Y B (R R A GRE N 3.20) o Ly A EE R
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Shore line
Offshore substation ;
E - X T Onshore converter

145 KV, 50 Hz . station
p—” . . % - J ¥ E i .
Offshore wind farm Q K - : ; 380 kV, 50 Hz Onshare
! 18 Statcom i i E !..;_ 1 neiwork.
—‘/'—El i1 Single-phase I F |—f
1o : || three-winding — |
| : converter _* |71 asokv
: : ¢ % transformer . | ‘]
integrated retarr \
. cable E T W 0 L .
7 5 500 kV (<A
# — < S1000A | X @40, 3
AH T f Y A j
Three-phase ' i : =
two-winding | / 5 I N . i N 2 F—%—— _
converter s
transformer

3.30 EER EMARES BN E
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34.2. BRERERFERER(VSC-HVDC)

BB R RS U A il £ B R N T AR S R E I E T T S R GEE
3.30) » B ERSERA TR EAVRGHI S S AG(GBT) » 780 M I IRE R 2 R
T (PWM) > AANHIEE R AR B E D KRR DOHIPZERIRE ST - G E PR ERENRE S 2 B
RAERE )] > ARG i S E E A K, - H— it 2 SRS R A - A~ ARSI
o B R A R DO fE e - RIE(E A Ry & LCC-HVDC #Y 50-60% - /23R
£ HVDC HmfE L)) - HETEN S EENEHA GE #Y HVDC Max Sine »
ABB By HVDC Light 5 SIEMENS HY HVDC Plus % 4% » HEC RfEHE =R
(EHES - A AN EIARAE AR A S -

Offshore substation o o
ubstatio ' Onshore converter
l-- I - . ' i station
150 kV - -,
kv
Offshore wind farm I — 300 MVA

300 MVA

—{ Do i o
seeeee : = WW
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3.4.3. REREMEIRLCOHERFERMBRA(VSCOLLRSR

RIS EEFALCO) BERRRRIEIA(VSC)

Thyristor BRAS
TN T B2 B
TR E AC,DC JEH 28
EHLHC STATCOM ffifE
{EREIERIE T

Fic B 2= R A

Tl R BB RS
HRL 2-3%

EYs-7 TilEpN

IGBT %@ %%+ s

EA 4 BEERE

N RIE R 28 e
NHED K [EFEE
BRI E T K EDIRE S

FoE 2249 B LCC | 50-60%

(S PSR S BR 2R

LAY 4-6%
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Mational Grid Earthing

15 92 A R EL A

Technical Specification TS 3.01.02 (RES) - Issue 1 — October 2014
Type of conductor Current density f0r21sec Current density for 5
duration (A/mm~) 3secs duration (A/mm~)
Copper 212 123
Aluminium 130 75
Galvanised Steel a0 45

Table 5b Maximum Conductor Current Densities

Short-circuit
current 63kAMsec A0kAMsec A40kA/Isecs
requirement
Type of Spur Duplex Spur Duplex Spur Duplex
Copper B0x6mm | 50x4m | B0xdmm | 40x3m | 50xTmm | 50xdmm
Aluminium T5x6. 5mm | 50x6m | S50x7mm | 50x4m T5xBmm A0xT mm

Table 5c Preferred Conductor Sizes
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900 MW
Transmission Scheme
@ +/- 320 kV DC

ekl
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Source: TenneT

Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 - HVDC grid connection

TSO (TenneT)

EGIl

80km sea cable Connectiod to

On-Shore  ACSubs
DC Converter
Alzgrnating Currest

Windpark Investor

WEA

i 80km land cable

Germany

+320 kV DC
sea cable & land cable

DolWin3 Scheme Key data:

= (Connecting up to 5 OWF in the German North Sea

= +320kVdc, 300MW, 155k\Vac offshore and 380kVac
onshare

= Parallel operation of 2 x 3 phase transformers

= Dynamic Braking System {on shore)

Main parties/authorities involved:

= TenneT (TSO)

Bundesnetzagentur (Federal Grid Agency)

BSH (Federal Maritime and Hydrographic Agency)
HVDC/AC substation contractor(s)

HV-cable contractor(s)

L 44l

GE main partners:
v Prysmian (HVDC Cables)
v Nordic Yards (Platform & Baseframe)

g R UL R B H 33



GE Grid Solutions experience - DOLWIN 3 - HVDC grid connection

yards

Flattorm east view (Worth east)

Daughter platform
Dolwin Gamma

om

¥ Semi float over
v' Mother platform is Dolwin Alpha
linked by a bridge
= no Helicopter deck on Dolwin
Gamma
= No living quarters (only rescue
standard)

Total weight 18.000t

GE Grid Solutions ex[;erience - DOLWIN 3 - HVDC grid connection piey

Power Transformer

DC Valve halil 2 . DC Valve hall 1

DC Room 1

DC Room 2

AC Reactors hall 1

HV GIS Rooms
AC Reactors hall 2
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Offshore Wind farm grid connection

GE Grid Solutions experience - DOLWIN 3 - 155 kV GIS oATA ot sesav
i s . RATED VOLTAZE [T
= i =] [HE =] 3 = !
= ; RATED FREGUENCY SEHE
; 3
i T RATED SHORT DURATION POWER FRECUENCY VOLTAGE (RME)
! el | i PHAZE - EARTH, PHASE ~ PHASE, CONTACT BREAK DISTANCE 3250V
H 5 (R AR EREAK R
| - 45
! (. FATED LIG=TNING [MEULSE VOLTAGE FEAK)
¥ oy pre * FHADE = EARTH, FHAJE = PHASE, CONTACT BREAK DISTANCE | 750wy
_______ © AR BREAK Ee
= E 3
S I, s e . * BUSBAR AND COMPLETE CONNECTION SETWEEN THE BUSSARS | 0004
A i * HVDC TRANISORMER BAYZ 40004
z = = % * ALL REMANING BAYD 20004
et —ed et — RATED SHORT CIRCUIT DURATION 1=
=] 4] =] =] RATED SHORT TINE CURRENT oka
— = — & s RATED IMPULSE CURRENT 1008A
CABLE CONNECTION ACCORDING TO DINENS2271 - 209

o T i Tk
= = (T F
i-. e T e —
lesk [E jlar pRE o TRE oz
i e i el -
T EE S s
i . b "3 (s T -

,,,,,, - g

e

|
K
|

® 2017 General Electric Company. Froprietary. All Rights Reserved. [

Offshore Wind farm grid connection
350 kV GIS & AC Limb Reactors

% |

DATA GIS 350KV
RATED CURRENT 20004
RATED FREQUENCY S0Hz
INSULATION VOLTABE 420Ky
RATED LIGHTNING INPULSE VOLTAGE (FEAK) 142507
RATED SHORT - DURATI ON POWER FREQUENC Y VOLTAGE (RMS) 1050%Y
RATED SHORT - TIVE CURRENT 40kA
© 2017 General Electric Company. Proprietary. All Rights Reserved, RATED PO CORRENT: —
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Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 - VSC Valve & DC room
DC Room

VR

© 2017 General Electric Campany. Proprietary. All Rights Reserved.

Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 - Emergency Diesel Generator

Platform Freshwater plant _— 3 ‘ﬂ |

Valve Cooling plant Valve Cooling plant

© 2017 General Electric Company. Proprietary. All Rights Reserved,




Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 -

Control & Protection cubicles Control Room

Emergency Distribution board Sh.i'Her 3

© 2017 General Electric Company. Proprietary. All Rights Reserved.

Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 - Rescue quarters

Emergency rescue boat

2 2017 General Electric Campany. Propristary. All Rights Reserved,




Offshore Wind farm grid connection
GE Grid Solutions experience - DOLWIN 3 - Current Status - August 2017

++ Sea Station :

v

L RN

v

v
v
v

Valve close loop test successfully performed at harbor before platform sailing out
Platform installation at sea successfully completed

DC export cables connection in progress by Prysmian (to be completed by mid Sept)
Platform recommissioning (all quxiliary services) in progress by Nordic Yard staff

GE equipment recommissioning starting in Setp by GE staff (to be completed by year end)
Valve control software will be uploaded end of November to start cold commissioning
Hot commissioning (power transfer) scheduled from January to March 2018

%+ Land Station :

Equipment installation completed

Ongoing cold commissioning

Ongoing pre-commissioning of control system

Hot commissioning (power transfer) scheduled from January to March 2018

g R UL R B
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