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HITACHI ALS Q_ search [ Contact us @ Global v EN 3] Login

Offering What we solve Customers Sustainability About us Media Careers

We are Hitachi ABB Pow,""‘- i
Grids 1

Powering Good for Sustainable Energy

Watch video
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n A—FX=23>T057F, s HVDCEEIZTA » SEZAAYFFY - Dm—2 b
SA7 L Y—EX = FACTS & EHmE (GIS, AIS*)
s SCADA> AT/ SAT7Nh H—EZ 5 A 1200 kV
s I9-T2AZXVIRITT s UK Bt &A1100 kV
n BERYRI-T s GCB
» R5FH-EX
#2019F2FENA—A, HIABB/(T—4)y kN GIS(Gas Insulated Switchgear): i ZiEiFRARIEE

AIS(Air Insulated Switchgear): ZEGEREIERE

SCADA(Supervisory Control And Data Acquisition ): ZEHHEES AT
GCB(Generator Circuit Breaker): F&E5 85 prid

FACTS(Flexible AC Transmission System): FiE&E

2020%7A1H BI&ERT=a21—XY1J—X (https://www.hitachi.co.jp/New/cnews/month/2020/07/f 0701pre-1.pdf) &Y
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Grid Automation
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— Supporting 50% of the top 250 global electric utilities with leading portfolio

~US $4 trillion mission critical infrastructure assets managed with our software solutions
~480 million electricity consumers

~15,000 systems operating around the world
Leader in FACTS* and power quality
Leader in HVDC systems with 130+ GW installed

Up to 1200 kilovolts AC and 1100 kilovolts DC, leading portfolio
1 in every 4 high-voltage switchgear installed in the world
Over 100 locations worldwide provide 24/7 service support

Complete range of power, distribution, traction transformers, components, services
Up to 1200 kV AC and 1100 kV DC, leading portfolio
~60 factories around the world and ~30 service centers
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2000 A LA EMDHVDC A EIZ& 5. Global experience & Local competence

Sweden lead-hub

SE - 122 hnol
NO-2 . HVDC System Technology
@ 1,280
@ca-13 DE - 45
-6 ©@ Germany
UK HVDC 65
execution
center . .
us-12 ' North America 60 China J(;f;toventure @ Hitachi P‘E Division &
110 . CN-20 Japan Joint venture
IN - 23 50
India Operation Center
325
Coo% . HVDC (excl local service units) . BR-16
D Over 2,000 employees globally
® HVDC Service ®Aau-3

Teams world wide
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X B, 2021/4 BE Z ot
I
-—z_—-mm- | e | Ebig | EBISE | Power(MW)

1 Hallsjon Sweden 1997 25 Dolwinl Germany 2015 800

2 Gotland Sweden 1999 50 26 Xiamen, Fujian Province i [F 2015 1000

3 Direct Link/TerraNora Australia 2000 3x60 27 Troll 3&4 Norway 2015 2x50

4 Tjaereborg Denmark 2000 7.2 28 Al-link Finland 2015 100

5 Eagle Pass USA 2000 36 29 Luxi, Yunnan Province i E 2016 1000

6 Cross Sound as CAiliz. aal 30 NordBalt Sweden 2016/17 700

7 Murraylink Australia 2002 220 31 DolWin2 Germany 2017 916

8 Troll A Norway 2005 2x44 32 Maritime Link Canada 2018 2x250 (bipole)
9 Estlink Finland 2006 350 33 Caithness-Moray (MT design)  Scotland, UK 2018 800-1200

I XS anii o e s w0
-———— 55

12 Valhall Norway 2011 36 YU'E 2018/19 1250x4

i i . Cowws ey e e

15 Nan'ao Island FE 2013 200, 150, 50 39 Johan Sverdrup Ph 1 Norway 2019

16 Zhoushan PE 2014 400, 300, 3x100 40 Kriegers-Flak CGS Germany - Denmark 2020 410 (BtB)

17 Mackinac USA 2014 200 (BtB) 43 Zhangbei phase 1% (MT) = 2020 3000x2, 1500x2
18 Skagerrak 4 Norway-Denmark 2014 700 41 DolWin3 Germany 2020

E Germany Ao egmeemay  amo  um

46 IFA2 UK-France 2021 1000
52 KunLiuLong /Wudongde (MT) [E 2021 8000, 5000, 3000

3¢ Zhangbei (&, 4RO N1 AT D #2235 H B ILABBEY

(MT): ZIHFHVDCTOS Tk HAPG®) EE}JKHVDC 9,000 Mwuibﬁgﬁq:
AL 1D ED
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fhtB
fhztc
ZFD1th or KR

e I
e | Ehe | EBAP® | Power(vw) WM | m& | Ed | iBRAF | Power(MW) |

40 SW Link (SydVastlanken) Sweden 2015 2x600 (2x720)

42 Savoie-Piemont Italy-France 2019 2x600

72 Northconnect
73 DolWin 5

UK-Norway
Germany

2024
2024

1400

47 NordLink Germany-Norway 2021 2x700

50 Jeju island HE 2021 200

51 AWC, USA 2020/21 1000

53 Borwin4 Germany 2020+ 900

54 Zhangbei phase 2 (MT) hE 2021
-————

56 North Sea Link Norway-UK 2021 2x700

57 Tres-Amiga's USA ? 3x750

58 Rudong offshore wind 2021/22 7 1100
-————

60 Greenconnector Switzerland-Italy 2022 1000

61 Aquind UK-France 2022 2x1000

64 FAB Link UK-France 2023 1400
65 Western-Isles Scotland, UK 2023 450
66 Greenlink UK-Ireland 2023
-————

68 Neuconnect UK-Germany 2023 1400
69 Dogger Bank (Creyke Beck) A UK 2023 1200
70 Dogger Bank (Creyke Beck) B UK 2024 1200
71 Gridlink UK-France 2024 1400

(MT): Z#FHVDCTOT ok

HAPG® B fiZXHVDC:

Slide 16 ©Hitachi ABB HVDC | echnologies, Ld. All ignts reserved.

88 Shetland (MT)

75 AREH

76 SuedOstLink

77 Biscay Gulf Link

78 Marinus Link

79 Marex

80 Norfolk Vanguard

81 Norfolk Boreas
81a Sofia Offshore Wind

95 Dogger Bank C

82 Celtic Link

83 BiEK

84 ik Al

94 FH ALK

85 Nautilus

86 Eurolink

87 Icelink

89 BorWin 5

90 SylWin 2

91 Eastern link

92 SENER-BC

93 Suedlink

Scotland, UK
Australia
Germany
France-Spain
Australia?
UK-Ireland
UK

UK

UK

UK
Ireland-France
A&

=P:

SP:
UK-Belguim
UK-Netherland
UK-Iceland
Germany
Germany

UK

Mexico
Germany

8,700 MWD $1s% B ii=XHVDCT AL =/ AV #E 1T B

2024
2025
2025
2025
2025
2025
Mid-2020s
Mid-2020s
?
2026
20267
2028
2028
2028
2028
2030

2030?
?

?
?
?
?

6000
2000
2200
600
750
1800
1800
2x700
1200
700
2x300
300
300
1400
1400
1000
900
900
2000
1500
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 Shetland « Kontek Upgrade » East West * Hallsjon
» Dogger Bank A *Troll 1 &2 Interconnector » Kontek
A » Dogger Bank B *Troll3&4 * Sapei * Baltic Cable
—* North America —= EU rope . IFA2 « Borwin 1 « Valhall « Fennoskan 1 & 2
" )  Nordlink * Dolwin 1 * Norned  Durnohr
* Maritime Link ‘ Shat"ylar)d ‘ Squar'e Butte Upgrade » North-sea Link « Dolwin 2 * Estlink » Skagerrak 1-3
* Quebec — New England * Rapic City * Eel River Upgrade . .
" . « Caithness — Moray < Dolwin 5 « Italy — Greece » Skagerrak 4
Upgrade + Cross Sound « Pacific Intertie Y er lak Cas Aland « Tizrebor . Gotland 1-3
+ CU Upgrade » Eagle Pass » Vancouver Island Pole Kriegers Flak Cg ) 9 .
« Johan Svedrup * Nordbalt * Swepol * Konti-skan 1 & 2
* Madawaska Upgrade * Quebec — New England 182 * Gotland Upgrade - Litpol Link  Gotland Light » English Channel
* Celilo Upgrade « Pacific Intertie Expansion
» Highgate Upgrade * IPP Intermountain —
« Railroad DC Tile Adelanto * Higashi-Shimizu * Leyte-Luzon
« Oklaunion « Pacific Intertie Upgrade i + Jeju3 * Hokkaido — Honshu
« Mackinac « Madawaska +« AsSia « Changji-Guquan « Kii Channel
« IPP Upgrade « Highgate « Raigarh-Pugalur + Shin Shinano
- Blackwater Upgrade « Chateauguay Upgrade * North East Agra * Minami Fukumitsu
« Outaouais « CU project « Jinping — Sunan » East West Interconnector
- « Hiiliinbeir — Liaoning
* Qinghai-Tibet
* Yunnan-Guangxi
- . « Lingboa li Extension
SOUth Ame“ca « Xiangjiaba — Shanghai
* ltaipu » Three Gorges — Shanghai
* Rio Madeira Back-to-back & 4 * Vizag Li
* Rio Madeira * Three Gorges —
* Brazil — Argentina Guangdong
* Interconnection | & Il * Three Gorges —
. Changzhou
* Xiluodu-Zhexi
* Hami-Zhengzhou
H « Lingzhou-Shaoxing
Afrlca « Jinbei-Nanjing
* Caprivi Link » Cahora Bassa « Jiuquan-Hunan
* Inga — Kolwezi Upgrade » Shanghaimiao-Shandong
+ Cahora Bassa, Songo N . - . » Ximeng-Taizhou
« Apollo Upgrade Australia and Oceania - Dianxibei-Guangdong
* Inga — Kolwezi « Muraylink . Broken Hill « Zhalute-Qingzhou
. A g « Chapad
* Difectlink + Rihand-Delhi
* NewZealand 1 « Gezhouba — Shanghai
* NewZealand 2 « Vindyachai
* Sakuma
« Champa-Kurukshetra 1/2
« Zhangbei

Project executed by Hitachi / Hitachi ABB Project delivered by ALL other suppliers
Slide 17 ©Hitachi ABB HVDC Technologies, Ltd. Al rights reserved. ' ‘I'l'
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pADZ /18 deimE R A< 4l rE EEE
- 118 HiL fhtt 300MW 1979
248 HiL fhtt 300MW 1993
FAR(ERX) %t fhtt 300MW 2019
pA=DZ 218 60Hz{Al 50HzfAl BE EBAE
HIEE15FC Hi fhtt 300MW | 1977%1
HIEE25FC Hi fhtt 300MW 1992
£ AREFC BiL fthtt 300MW 1993
BEIK 2FC BiL fhtt 300MW 2006
HIER B3I -HAPG fhtt 900MW 2021
BUEK 1Frc(B =) B3I-HAPG | H3IL-HAPG 300MW | 2028%
BUEK 3FC(B ) B3I-HAPG | H3IL-HAPG 300MW | 2028%F
pi=DZ 308 a3
FE{ELBTB BiL fthtt 300MW 1999
Jaszyr REFE Al
14 t t 700MW
foFEKE ( i i 2000
245 Bir B3 700MW
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i 4 Land: >600 000mz
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2021$4JEJ EET 990)§Jﬁb‘t¥ﬁ HVDC7 |:|~/I’7I~( it 8, 700MW)75\J_1 EIﬂo
ZDfh, LoDt HVDCT O /MBS LUV EHTOD VM RIRETE,
HVDCEHSSDAEERENELTIZHE+45, (SVC. STATCOMMD Z A28+ 4 ) A D
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(&%)t (HVDC Classic) & BRIk (HVDC Light®) Dix XS = IY'TIJT%CFL

111113)13& HVDC (HVDC Classic)
| e HKREE 12,000 MW (£1,100 kV, BBHERK . 2000km) AN E R
@ o REZXBRICKDIRIBRE/NILINT—DZEE

_ Bt HVYDC (HVDC Light®)

~ o BAAE 1,500 MW (550 kV. JBHER) ASBRIH A
A8 o HfiEYICIE 4,800 MW & SUETTAE
o SHEMEMNHVDCTODIVFDER
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H3IIABB/A\J—%1)yRFMDHVDC Light® (&, 30l LD BRIXHVDCTAS T+ D
BEBL MHADIA—YF—DT1—FR N\ Il EMS,

v KU{ELVEX (2.8% = 0.8 %) - :—;"}:‘ ‘ :

v KYRELZEXERE (50 MW = 4,800 MW)

FUBWLWEBEBE (KYBELADZEE) (80kV = 800 kV, 50 km =
2000km)

<

¢ YIS RB TR _—
¢ BRAGRHOBEAOHGE (BORMDYH—k, DCTYE et }-1‘;
. ERRLEORE -._..w@gw*~*%*:‘t@;;ﬁgﬁ
v b—=2JLaRR#ETE B T &;i\;g'
o EUBLREE (RMELFEGYRTL) o< 0]
< BEROER .

BEZBMIC, BRZMFARZRELESLTEYETS .

1,200 MW, *=320 kV HVYDCAT— 3> D45l
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BRAEB & R IR AR

HVDC Light
modulation principles

1997 - 2001 : i | R e -
Two level converter g

2002 - 2004

Three level converter
2005 - 2009

Two level converter,
optimized switching

2010 - 2015
Cascade two level converter

2016 -
Modular multi-level converter

X =L, BIRIC OV TR ERBOREBRRAS RIS TERBER LY H DA RAETRIERS A
ST HARMAHY AR S LY B AR T L INEBERHT ILENHYET . A DD
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il

gt-5

)

HVDC Light® OEE ~X

KYKREG/NT—ZF KUiELA
HVDC Light [£BEIZ 800 kv, 4.8 GW £ E ] BE
ERTOCz I TEESNTOSEE. EAEEE (2000MW, 500kV) (&3 TISH T (L HELF

Power (MW)

3,500

3,000

Higher current

2,500

2,000

1,500 ENOBEIRIEMERT
EESNhTWSIUT

1,000 1,000 ~ 2,000 MW
320 ~550 kV

500
0 r . : ; DC voltage (kV)

+100 +320 +500 +640
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3.5
B Hvoc Light
3
B +voc Lee
25
5 2
9
9
15
1
Wi
0.5
0
1995 2000 2006 2010 2015 2020
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ER-AEIVEBRBERD/NEL

M9 (==320kV / 1200MVA 95 R) D45

BEE
: A
ED Go00 l—
M N B0 ) |0
gl 8388 _|o
s geas —
= gees || 81 np
(8 1] 1
D T o
(A1 I - ~|o
= L b L] o
[ |
v
< 166.5m >

FHAAREE: 13,000 m?
INILTHR—ILERE: 2,250 m?

X HIEH T TORRETY . BAMICIIY A M EHICEYERIRANBETY .
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FHLFTERE: 10,700 m?
INIVTHR—)LEFE: 1,650 m?

-k 4]
RSP A
00 .l] 995009 8
o 0 a _A :
T g 85.5m
D ] =y
08, o 5
(B @) = E]l
ol
v
< 1255 m >

¥ _E & APF (=320kV / 900MW) D5l
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BEMNKSVLAD EEDE (KW/M2) AKRIEICLLLED

(SPNBETLEREBELEFENKGLEVD T, NEELEABRINRITIELD)

Xt PR B4R 600MW 25 R (=160kV) D ZE H#EFT D15

X FREAR 1200MW 5 & (£320kV) D ZEHART D 45

X JEXTFRELAR 300MW (0- 125 kV) BIFIXChERBDRETEELD

ey | [o —
‘ <
';WE L o o oo 1 }'
o —— e —— & S ———
—— —— — ﬂw — e VO
= life—3 S .
—r® e e G.‘ 'g"l tYE) -~ Aty e G.. :
I -0 ! :’:;v-‘hrl_..--:] i . 0 .1': i -3 1 | --O ] E}T_“:I'j i | 0 .L ,
| B | ‘.;-?L‘,.-r;l-;“..' e &R ? S ! 0 S B LT '
e et IS N e i i | AR S o
I ° ] ;;,,:“1.11.,,..; e il ‘ﬁ T : [ I ¢ 1 {"."a"q‘"lv‘ - &
r-l - gsli”;.nr,el’l G o """“_6 r" » — :':j'—r\ %_t 0
R S XM b4 all He = S |y = £ SO N
.| It e . }3 | i ° e i [ e
premephoed] i g S on & proerephe B Tl e
l : - :,s.| ' ||| —— :
' A s = g = ey Oy
| —

.........

L 142 m
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Walkthrough of the Single Line diagram (SLD)

§}ﬁ;_._._._._._._._._._._._._._._-ri.‘_._._._._._._._._._._._._._._._._._._._._._._._._.I_._._._._._._._._._._.:_I._._._._._._._._._

AC Swiichyard |

: - -TA
oo KV AT ! =N am | e /‘_\X\I NED
l p— | T
. —

|
[Fome | i
DC Cabie . |

| |,/_
. \B
'l |_/
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ENRBOERERICETS BEHRMOREE
£ 1R Hl% (GRERF)

| B A
U (kv) Stable operating
area

P (MW

Line loading

EMFICED
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HVDCIE., BEIFEXRARMOEZEIL-DE MR LICEHFES =>BXHVDCRLE

Line loading

BEHMEITED

BENRBMOERRICEITS
&

SENEHD—D

BENRMOREE
(GRERE)

; /4‘ = N
o 1_05%} _ o </ A f,\>
s |1 || | & i
> @ i \
g p-mm- I ------- 3 AR
= by B e

U (kv)

A

Stable operating
area

MW)

RERBEEES

U

HVDC

& 2 [ <&
» <

) / ’ AU (kV)
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(BE)HVDCH S EH M- L2 RBER T BERTERL)H  man el

Kundur 2 area test model (2% 2T 7T XMETIL) Z RN -5

= |1 I5 |6 ' cor[_zom | w0 ) v 1.2/ § 3 G | Bus10. 11fE D 1EI#R T=AB5E K FE K (Fault clearing time: 120ms) AAFE 4,
S I I B Sl e i S oo | @ tms#icsunT. woch it h— Tl XERORBIETNRE
l__] T| 200w | T |——l “l 50k @ _EFERE#HIZHLIT. HVDCH H%ERun BackEI#HIL T 7BRIFERTEIL
' HVDC link (
200MW

Area B @ EHIZEELULVEM (Fault clearing time: 260ms) IZX L T4 . ik /L EE
(200MW -> - 350MW) ZREL T 7BR#FEEREIL

Area A

2

I 350 MW I
L7 - ST 4 sosomw

G2 (") () c4

DOHVDCH N—EBEL >R BRI INEE  QHVDCH % Run BackLEE L Q) EHITHEEELTERICT L TR RELEEL

= AR T e - | | l,
= | | = ./
Sl e AR AN A AR AR = HVDCH: 77 | =L
s ‘ ~ [ | M HVDCH: 1
4 P R Y
- \ -
/ / X ) \
/’ \‘.A // 3 /
/ . \ /
&

- P
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P, Q P,Q
Weony | X W, Weony | —_— X
I ‘\ pcc n 4:3 I ‘\ pcc n
_NW\_’_C /YYY\ _IVVV\_H> /Y'Y YN\
v v
Upcc l lun UPCC l ZIoad

BE QR B3 Z#EHf (Islanded operation)

— ESCR>1.5 — RHEATHRFEEMNLLV, ESCR=0

- EHMBIRHEEICRBL THIE (Grid (T59HR9—bRifi. FLRATIET—Y
following) FDEMRH) |

- RHAOEREFMS ZE2EYP, 0F - ERGIERECRERAERE
i) — P.QIFHIEET. %ﬁ@ﬁﬁl:;t);’k&mn

— BRI L TPLLE > I I o (AEQORBLEZBANZOFEFHVDCIC
(fast synchronization) E5ND)

2 ESCR: Effective Short Circuit Ratio

Sllde 33 ©Hitachi ABB HVDC Technologies, Ltd. All rights reserved.

ERICHLREE

ESCR< 1.5

TR NER lpcc NRFDEEARIFBIC
2EYD

P. Q &HIENEXEBEALABFIEIZ LS (Grid

forming)

PERLGALRIMDEELMAIZPH PN

[E1#A (slow synchronization)
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Caithness Moray (RERXaytZ2F)  1,200MW / 800MW
REITHROYNIUNILEIDRA N%E HVDC [CRYFEMITEE T HEEBIC, BB RKELEL

o iy e e
o~ . HVDCiE Ezﬁu: HVDCE Emﬁ

HVDCEERRAE B M Spittal D EE K2

Courtesy: Scottish & Southern Electricity Networks

AL 1D ED
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Maritime Link (A 7%) X4& 500 MW

HVDC D EZEH AFIEIZEY ., Za—T7 RSV RERFOL D) T R 5@k (RIEBIERFO BRI -EXZEL)
@ Run-back#lfl=kd / D =R BERREE

300
i ' — T RBERL
£ 290 [—pradr = - - e b e TN -
-;_1|£I| ______________________________________
(]
Bl e R e REEEEE EEEEEEE LR . : : : :
-:|_'E|5 - - - | R U P U E____
s — @ﬁfﬂ%%ﬂmf
~ b W
= 7Y S ) IS S A S
o3 . . . . .
L]
: SN SN
i | | | | . i i i t i
< 2 4 g 8 10 “Ta 2 4 = = o
Time [=]
Bottom Brook HVDC station [Z$1T5 Za—J7URSUREBRADQE M/ —REIE (in pu)
BHNENEEDNENDILE (11EHT-Y)
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Caithness - Moray - Shetland (ZEEXavkZ2F) 1200MW / 800MW / 600MW

|
LN
v,
e

Kergord k’_'au £197 MVAr

Phase 2 e w dhues
- /
EE& /
II,
/I
/
'
F
4
/
' 4
/
/
I,
spittal _ /  ~4"/7i-<i}- Future A - 800 MW
RS ¢ ooee-em o | v_"";
@-F | ;l-'- =1, 4~<& - Future B - 800 MW
1] .
goomw Phase 3
+263 MVAr .
XRIE
!;ﬂ .
Pragfel Moray/ K= ...
& F Blackhillock (= 1200 w
é +£394 MVAr
Sl|de 36 ©Hitachi ABB HVDC Technologies, Ltd. All rights reserved.

BE

Customer needs

HVDC DHEE

Customer benefits

Year

Scottish and Southern Electricity Networks (SSEN)

Transmission

— Shetland (AN EL)ZEBDT)YRIZER

— Br# D B =X 2 imF HVDC

— 600 MW, %320 kv, %I #REE1R

— ZInFRERICKORGERMER

— JYBDBIREEALERJ)YRIZEET HE
&1, Shetland BOEHEX1UT1HM L

— 2050 DEEMNREA ARV EONEM

— Phase 1: Caithness — Moray 20185 1& B
— Phase 2: Shetland 2024:EF % &
— Phase 3: XF

SIRFBRICOVWTIIUTEZERT SLENDHS:

HVDCZE#FTDIREIX, ThZ DB ELEBRIKIFERE#RELDZE BIRIEXEDHIT,
Shetland A% 100MW T4, Blackhillock EIFIXRBCRE DTN NELL D)
EAISHBELTHDENHHCE (BMSIHTFEBMT D LFTARETIEALA, BE
[ZHBY Y DBENIRNKELDAREEN B D EEND, [FED L IHFEREHD
MEOHFBEL AT LENELERLTHELIENEELLY, )

ERAEFHHOTENE (FMEIC—BE£VATLNMELTHENHFBTELREGE
EfEMBRENDELLD. )
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Kriegers Flak Combined Grid Solution (&) FERENER 3k RHERER (BtB) 410MW
w

V TUI—J ~3hFDELERAT7—L ~ FAVERRT—TIILTH Denmark
o KA VAIDERRA > MZ HVDC Back-to-back 3% &

v Master Controller for Interconnected Operation (MIO) A%, 3MFFD ;¥ L
BA77—LDHEIDHEE. T—TILDEESHFEFFRALI2DOD
%t i B 2 & il

vV BRT—TJIETOERFEERIL, SATLDBELS, BBAIDE
HZ2#HIE—LL RIZ Island Operation AN{TL .. B E D EERZHEHE,

200

100 |

Up o:1 [kV]

ég
Nm
23
jm ]

-100

Ipcc:1 [KA]
Ipcc:2 [KA]
Ipcc:3 [KA]

50.4 T T T
N 502 H
3 : — System split
£ 408 KRIEGERS FLAK - COMBINED GRID SOLUTION
49'60 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2 CGS pre (interconnactor 400 kV substation (AC) e 150 kV substa Al
AC Voltage (Upcc in kV), Current (Ipcc in kA) and Frequency (in Hz) on e Converter station (AC/OC) 220 KV substation (AC)

L840 RV Calie
the ,,offshore” side of the BtB station — 150 kV cable ‘l I. l.
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DC Links in AC Grids MZhE B 7 5 o T Pac

fr—

- (F=FIL D) EBRKDIER

- XFmEEROBRARLE A—o =0
HVDC

- RRBHEDOTTCHER (REER LICKY REERRICEBTTC HIHEEN) Ao
- RESEgREOAVEL S IIL—T 78 —0F|#HEE (Q) =l m;(Q)
- ROLOYIURAMAELE <5> —> <5>
dc
L P—ALREEIR OIS 1 i

B TRIBZRHEN BIEXRRMELEITLO) ICHREINSHVDCHOEMF (KD fhICHEEZED)

HVDC: —%EBE  HVDC: ¥ EL S il
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(Before) ,iJ:J_UJODtI:'.jJ’EJQEP’CﬁJ_ % L. HVDCART— 3 ~ i

AC STATION g STATIO! | AC STATION

HVDC STATION
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HVDC STATION

Sllde 40 ©Hitachi ABB HVDC Technologies, Ltd. All rights reserved. ’ ‘ I' l'




AHT7—LDFRTEYHR—k: DCFawvss HITACHI

HEARXRRMORABIERER (XRRMETIETL HVDC Hh B R RFFICE HHEY H %<
1EoT=BF) 2, DCFIv/A—T Pch = P2 ELTREH AZ—BMIZEEL., REHAERIET HETHRE
B HT77—L% “de-coupling” §5_¢IZkY. ERBELRZIF T HELLIZEAEDEEFHITS
5,

P2
N i _l:_T” = | —> v ff
| —QDJW‘—J@_—I- Upe —I-_J@-ﬂm—(][} ? 22
I | Lgf
.
o f N P2 -
My | —p e
R S
| Pch =
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o_o
n@n Strengthens European energy markets
o o

1
S

A
}]

Slide 42

¥

o

o

Enable efficient integration and exchange of renewable
energy in line with European Green

Increased security of supply across Europe

.
l = HVDC meshed grid

== AC meshed grid

Allows higher utilization of infrastructure

©Hitachi ABB HVDC Technologies, Ltd. All rights reserved. ’ ‘ I ' l '
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(BZ)EREMEBEORFE ~20 kA BRENRE at KEMA Lab (PROMOTioN)~ Inspire the Next

; Y - "
P —

202054 A KEMATOEMREEMNE T
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v

E{FIRE

« EREM28(X. UFD (Ultra Fast Disconnector), LCS (Load Commutation Switch). Main Breaker. 7
LRAN DRSNS, LCS KU Main Breaker (£, FBERX A YFTHD,

* Conducting mode: B&EBF., BiRIFIER R (UFD, LCS) FifinLd

* Proactive control: B EREH [ZKY LCS ZFAE. UFD A BN THAC, Biftld Main Breaker 735
BRI Do

« EBHFRZE: Main Breaker B E . BEMERIETLRAINVITRERE

* Main Breaker [BIET#I3 ms

Main breaker

A
....................................................... Hybeid HVDC breaker I UFD
....................................... DASIA BrORKEY ' ~tsbei s rrinnmsinigasarpssdssporsisiuiisria IMB
piie— LCS
e = =—
Unc
i e e e e
£\ ~
o T [i
lllllll Losd Commanation
Do Bt o

...............................................................................................................................................

LCS: Load Commutation Switch
LFD: Ultra Fast Disconnector

Slide 44 ©Hitachi ABB HVDC Technologies, Ltd. Al rights reserved. ’ ‘ I' l '
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4. EIRHVDCZ Oz HORAO#ERAIZDLNT

. ERHVDCFTAv /A DERIZDNT

A e

Sllde 45 ©Hitachi ABB HVDC Technologies, Ltd. All rights reserved. ’ ‘ I' l'



HVDC A<z rhDOERBIZDINT

HITACHI

Inspire the Next

* HVDC TADI VLD ERIE, RO—7 BRAKREFMAFSE) . TACIILDOBRR ., SHFDORZM OB EBFICLYKREE
BLET . D=, FIZIEX kW H=YDIAXE (A/kW) [ETODHMEICKELELGYET,

o —RREVICIE BEAREVIN kW HI-YDERIZNKGHERNHYFET .

Voltage Sourced Converters

. Specifications ost (EM)
BOOMW—320kV 100-115
1000MW-320KV 114-130
1200MW-320KV 105-142
1800MW—500KY 160175
2200MW—500KV 210-226

i
] =3 = =3 =3 = =3 =) = = =] = =] = = =
=1 = = =] = a =] = o = & ] o & =
= b ] R 2 2 . 4 2 "] =, X !

National Grid, Electricity Ten Year Statement 2015
Appendix E P80 &b (RIEERRFEDTRE—

TV RURBRAAIL—ILOEYSZEICETS
RAZEREMTLEIR)

1000MWIE N (SR B BN

-

entso-e TAS IO —rMLDHETE (R —)
1000MWHEE T. 500~700fEH A Z L)

#51,400MW (700km) 7RSI MZET BIEE1ER:

“They indicate that the cable cost was 625,000 kGBP and the converter cost was 366,142 kGBP.“

= HVDC: 262 GBP / kW (39 k¥ / kW)

Sl|de 46 ©Hitachi ABB HVDC Technologies, Ltd. All rights reserved.

Transbay 400 440
Caplivi Link 300 180
EWIC 500 550
SydVastlanken 1,440 266
BorWin 2 800 555
HelWin 1 576 555
DolWin 1 800 700
DolWin 2 900 1,000

LA DZ2—RY—R&KY

1,100 #J303MS = 440MS

185 2015 EBAF E = o1=HNEIE

694 A SRIZ/H0 A 598ME (L BH
964 800{ZM)MaXEME

EWNHVDCT AL T IMIEITHEFHEE

1000MW (==525kV) X3 #F Bit® : 500 ~ 700 &M

2000MW (%=525kV) X FREL4% : 900 ~ 1,100 {EH

2000MW (=%=525kV) B 4% : 1,000 ~ 1,200 {2

X entso-e AV IR —b o, RET—TIVERV-AZEHRFTOER (BEEL) DHE,

BIDRKETEHBYELE A,

CONFIDENTIAL
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r— 7)L0)$ﬁﬂi(H/km)’&ﬁ)éﬂ_kumbfﬁ)%b)’é HVDC ? %I@FEF';EI ENERLETELTEELL:
I I el M e T

21
25
29
37
71

74

92
107
110
121
124
130
132
153
167
172

175
176
179
190
225
234
235
239
247
254
267
276
283
284

286
294
296
299
309
885
335
885
335
885
335
351

Biscay Gulf

Savoie - Piemont
IFA2

Italy-Tunisia
NordLink

COBRA Cable
Thames Estuary Cluster
(NEMO-Link)

ALEGrO

Celtic Interconnector
North Sea Link
Nautilus

NordBalt 2
SuedOstLink

HVDC Line A-North
FAB

Viking

ElecLink
Greenconnector
Great Belt Il

Hansa PowerBridge |
Kontek2
NorthConnect

2nd interconnector
DKE - PL-1

SuedLink
Fenno-Skan 1 renewal
AQUIND Interconnector
Ultranet

Hansa PowerBridge Il
Navarra-Landes
TuNur

LEG1

GridLink

Greenlink

Maali

Britib

SACOI3 (replace)
NeuConnect

NSWPH 1505
NSWPH 1506
NSWPH 1507
NSWPH 1508
NSWPH 1509
NSWPH 1511
Eastern HVDC Link

2,000
1,200
1,000
600
1,400
700

1,000

1,000

700
1,400
1,400

700
2,000
2,000
1,400
1,400
1,000
1,000

600

700

600
1,400
1,000

600
4,000

800
2,000
2,000

700
2,000
2,000
2,000
1,400

500

600
1,800

400
1,400
2,000
2,000
2,000
2,000
2,000
2,000
2,000

190
250
200
514
325

140

90
500
720
250
169

300
210
770

69
150
120

655

225
1270
370
156
195
400
1330
300
700
328
360
290
390
400
490
365

1,750
1,260
685
600
1,850
620

660

560
930
1,850
1,000
190
2,800
1,400
850
1,970
580
609
420
660
460
1,613
600
655
6,500
380
1,400
1,070
660
1,192
2,680
1,500
906
396
612
2,040
750
1,500
1,310
1,375
1,233
1,639
1,661
1,860
1,460

10.2
5.0
8.4
3.0

15.0
4.0

25.0

https://tyndp.entsoe.eu/tyndp2018/projects/projects/16

https://tyndp.entsoe.eu/tyndp2018/projects/projects/21

https://tyndp.entsoe.eu/tyndp2018/projects/projects/25

https://tyndp.entsoe.eu/tyndp2018/projects/projects/29

https://tyndp.entsoe.eu/tyndp2018/projects/projects/37

https://tyndp.entsoe.eu/tyndp2018/projects/projects/71

https://tyndp.entsoe.eu/tyndp2018/projects/projects/74

https://tyndp.entsoe.eu/tyndp2018/projects/projects/92

https://tyndp.entsoe.eu/tyndp2018/projects/projects/107

https://tyndp.entsoe.eu/tyndp2018/projects/projects/110

https://tyndp.entsoe.eu/tyndp2018/projects/projects/121

https://tyndp.entsoe.eu/tyndp2018/projects/projects/124

https://tyndp.entsoe.eu/tyndp2018/projects/projects/130

https://tyndp.entsoe.eu/tyndp2018/projects/projects/132

https://tyndp.entsoe.eu/tyndp2018/projects/projects/153

https://tyndp.entsoe.eu/tyndp2018/projects/projects/167

https://tyndp.entsoe.eu/tyndp2018/projects/projects/172

https://tyndp.entsoe.eu/tyndp2018/projects/projects/174

https://tyndp.entsoe.eu/tyndp2018/projects/projects/175

https://tyndp.entsoe.eu/tyndp2018/projects/projects/176

https://tyndp.entsoe.eu/tyndp2018/projects/projects/179

https://tyndp.entsoe.eu/tyndp2018/projects/projects/190

https://tyndp.entsoe.eu/tyndp2018/projects/projects/225

https://tyndp.entsoe.eu/tyndp2018/projects/projects/234

https://tyndp.entsoe.eu/tyndp2018/projects/projects/235

https://tyndp.entsoe.eu/tyndp2018/projects/projects/239

https://tyndp.entsoe.eu/tyndp2018/projects/projects/247

https://tyndp.entsoe.eu/tyndp2018/projects/projects/254

https://tyndp.entsoe.eu/tyndp2018/projects/projects/267

https://tyndp.entsoe.eu/tyndp2018/projects/projects/276

https://tyndp.entsoe.eu/tyndp2018/projects/projects/283

https://tyndp.entsoe.eu/tyndp2018/projects/projects/284

https://tyndp.entsoe.eu/tyndp2018/projects/projects/285

https://tyndp.entsoe.eu/tyndp2018/projects/projects/286

https://tyndp.entsoe.eu/tyndp2018/projects/projects/294

https://tyndp.entsoe.eu/tyndp2018/projects/projects/296

https://tyndp.entsoe.eu/tyndp2018/projects/projects/299

https://tyndp.entsoe.eu/tyndp2018/projects/projects/309

https://tyndp.entsoe.eu/tyndp2018/projects/projects/335

https://tyndp.entsoe.eu/tyndp2018/projects/projects/351
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{30,000, 40,000]

(40,000, 50,000]

(50,000, 60,000]

(60,000, 70,000]

(70,000, 80,000]

(20,000, 90,000]

(90,000, 100,000]

(100,000, 110,000]

(110,000, 120,000]

(120,000, 130,000]

(130,000, 140,000)
(140,000, 150,000]


https://tyndp.entsoe.eu/tyndp2018/projects/projects/16
https://tyndp.entsoe.eu/tyndp2018/projects/projects/21
https://tyndp.entsoe.eu/tyndp2018/projects/projects/25
https://tyndp.entsoe.eu/tyndp2018/projects/projects/29
https://tyndp.entsoe.eu/tyndp2018/projects/projects/37
https://tyndp.entsoe.eu/tyndp2018/projects/projects/71
https://tyndp.entsoe.eu/tyndp2018/projects/projects/74
https://tyndp.entsoe.eu/tyndp2018/projects/projects/92
https://tyndp.entsoe.eu/tyndp2018/projects/projects/107
https://tyndp.entsoe.eu/tyndp2018/projects/projects/110
https://tyndp.entsoe.eu/tyndp2018/projects/projects/121
https://tyndp.entsoe.eu/tyndp2018/projects/projects/124
https://tyndp.entsoe.eu/tyndp2018/projects/projects/130
https://tyndp.entsoe.eu/tyndp2018/projects/projects/132
https://tyndp.entsoe.eu/tyndp2018/projects/projects/153
https://tyndp.entsoe.eu/tyndp2018/projects/projects/167
https://tyndp.entsoe.eu/tyndp2018/projects/projects/172
https://tyndp.entsoe.eu/tyndp2018/projects/projects/174
https://tyndp.entsoe.eu/tyndp2018/projects/projects/175
https://tyndp.entsoe.eu/tyndp2018/projects/projects/176
https://tyndp.entsoe.eu/tyndp2018/projects/projects/179
https://tyndp.entsoe.eu/tyndp2018/projects/projects/190
https://tyndp.entsoe.eu/tyndp2018/projects/projects/225
https://tyndp.entsoe.eu/tyndp2018/projects/projects/234
https://tyndp.entsoe.eu/tyndp2018/projects/projects/235
https://tyndp.entsoe.eu/tyndp2018/projects/projects/239
https://tyndp.entsoe.eu/tyndp2018/projects/projects/247
https://tyndp.entsoe.eu/tyndp2018/projects/projects/254
https://tyndp.entsoe.eu/tyndp2018/projects/projects/267
https://tyndp.entsoe.eu/tyndp2018/projects/projects/276
https://tyndp.entsoe.eu/tyndp2018/projects/projects/283
https://tyndp.entsoe.eu/tyndp2018/projects/projects/284
https://tyndp.entsoe.eu/tyndp2018/projects/projects/285
https://tyndp.entsoe.eu/tyndp2018/projects/projects/286
https://tyndp.entsoe.eu/tyndp2018/projects/projects/294
https://tyndp.entsoe.eu/tyndp2018/projects/projects/296
https://tyndp.entsoe.eu/tyndp2018/projects/projects/299
https://tyndp.entsoe.eu/tyndp2018/projects/projects/309
https://tyndp.entsoe.eu/tyndp2018/projects/projects/335
https://tyndp.entsoe.eu/tyndp2018/projects/projects/351
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ZAZAHDIELN:

5 Z (LB TIXERFRERE (IEC etc.) DERA LR DFBELLIEATEY . BELLIN-HEBEFHAEHETURAT LA
SE (BRERE. \—FERED) 2750 L TIOS oM IBDER . IR SR> TG, BRI BRI LS ERELT
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Project Execution excellence - Commissioning & Site testing

The measure of your successful project

Greenfield durations from last 3 years

................................................................ 10 WL’('kf-

Commissionig plan in line with Cigré TB 697
recommendations and according to customer
requirements

Including energization of converters and filters,
transmission tests, performance tests
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Terminal tests Transmission Ovperation tests
(STATCOM) system tests pe

Power Control
Converter transmission

deblock

switchover

Switch
local/remote

RPC in con),
with APC

Communication
tests

Protection

P/Q capé t
A /Q capability

Loss of
SOrv. power

Step responses

Control modes

, \at tes
ACVC / RPC FRGE U et Black start
(overloading)

Power quality &
AC network
interference . oraction tests
tests

AC & DC Staged faults
harmonic
meas.

Special
protection
schemes
Noise meas,
Power
oscillation
damping

EMC meas

SSTI damping
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AC CB open
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Time (s)

(EAERBERE : 1052 E0)

k, X ky ZRITREENDH 1.7 ~ 1.8
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Hi#: S. Dennetiére, H. Saad, and B. Clerc, “Setup and performances of the real-time simulation
platform connected to the INELFE control system,” in Proc. Int’l Conf. Power Syst Transients (IPST)

2015
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https://www.youtube.com/watch?v=JTKJxvp40Qc
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https://www.youtube.com/watch?v=z0IkCjc9cTk
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Location 1 Location 2
) |
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Bulbjerg Kvarenes
Cable
3,5 km Sea Cable
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SK3 [ 440 mw
2km  25km
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Electrode Electrode
Onshore Offshore
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85 km A l124 km
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250 kv
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250 MW
250kv | SK1
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85km 35 kmVy 124 km 28 km
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Source: Report of the Commission Expert Group on
electricity interconnection targets, Nov 2017
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Heavyweight market

Al 3hx
vs. world GDP h E::
200 GW o ' 4 /}&\Xt

H%“ Operating world Installed <t
‘\..\. \e

base

(0]
>50%
World installed base N\}& S
equipped with ABB
T
') Se

Up to 12GW | L)

Capacity range of one HVDC installation

X Average over 5 years, subject to substantial fluctuation year on year
X Average over 10 years ‘ l I . l .
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Insulation screen: extended )
Wire screen

semiconductive compound
Conductor screen: extended X /

semiconductive compound

<— PE sheath

Round compact \
stranded conductor
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Extended insulation
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Topics North Sea Wind Power Hub ht'p'l‘?ﬂﬂf

40~50GW® ¥ E & % “Hub & spoke” D2 TR & E & HVDC TH:#:

Hub and spoke concept

Hub and spoke delivers

TWO INTERRELATED TASKS DEFINED

Scale: A large scale European roll-out for offshore
wind delivers a significant contribution to cost
reduction

2030 - 2050 2035 NSWPH project
Intamational Coordinated Rol-Out (ICRO) moduse =1

Wind connector: The wind connector combines
large scale wind farms with poweriul interconnectors
for more efficient use of the electrical infrastructure
and further European Market integration

Hub / island: By building an island, a hub function
can be created with virtual near-shore environment
allowing more economical AC/DC-solutions
contributing to OPEX/CAPEX cost reductions

System

Location: When far shore becomes necessary,
shallow waters with better wind conditions contribute
to cost reduction

North Saa Wind Fowar Hub
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> A0 (5.6 million) . RFIRIE (R AREE #I56WsR) N dLiEEIC Interconnections
*Eﬂﬁl L/-CL\é Norway S : 'l
> RA @Eﬁﬁﬁﬁﬁgli?‘fk TUR—IDE—YEEH LERA-T i
HY., SHIZENFIE DT FE Y W < ergor
> J‘Lb“ﬁﬁb\al:li EREESZ NI 100%EAIZHLBEHLH S )
_f‘:'_f"""_";‘”m Sweden
> EERRIEILUT i
Kontek 1 (DK-DE) 600 MW
. Storebzelt 1 (DK-DK) 600 MW /m
*  Konti-Skan 1 (DK-S) 380 MW
*  Konti-Skan 2 (DK-S) 360 MW
*  Skagerrak 1 (DK-N) 275 MW e
« Skagerrak 2 (DK-N) 275 MW e = | p % Wi
» Skagerrak 3 (DK-N) 500 MW - Y p 30
* Skagerrak 4 (DK-N) 715 MW - Togunk . ' . ornhoim
- Cobra 1 (DK-NL) 700 MW Tt S l, VSN
*  Viking Link (DK-UK) 1,400 MW = : i | e ks
*  Kriegers Flak (DK-DE) 400 MW 3¢ K J{al(=B1B e T e S0 T
> FUR—IRBEEAVEXRRTOUD>THY. AHRRHT S AN
HEM. FAMVEERERL. F-ZDEDA TV ELETRE N
%L TLY4, (DC Links in AC Grids) The Netheriands 2023 Germany

Figure 3 Present and future interconnectors Source: Energinet.dk
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> RIFHRE(RARXFE #636W) [FAAXRDH 1/3. B THE

EFNTWDECAITEERELE L
> BEIDEAEIZE: 40GW by 2030

> EfERRIIUT

* Shetland

* Caithness Moray

*  Western Isles

* North Connect

* North Sea Link

* Eastern HVDC Link
*  Moyle

*  Western HVDC Link
* E-W Interconnector
* FABLink

* |[FA2

* Cross Channel

*  Nemo Link

* BritNed

* Viking Link

* NeuConnect
* ElecLink

600 MW
800 (1,200) MW
450 MW
1,400 MW
1,400 MW
2,000 MW x 2
500 MW
2,200 MW
500 MW
1,400 MW
1,000 MW
2,000 MW
1,000 MW
1,000 MW
1,400 MW
1,400 MW
1,000 MW

&t ¥226eW(EERH-STERET)
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# \) The National

Development of HVDC Links in Great Britain \J HVDC Centre

. Interconnectors:
&° 1) Cross Channel (IFA)

New Island Links

New Interconnectors
12) Eleclink

13) NSL

14)  Aquind

15)  Viking

16) Greenlink

17)  NorthConnect
18) IFA2

New Offshore Wind Connections
19) Dogger Bank

20) Hornsea

21)  Norfolk Vanguard

4 GW Total Installed
HVDC Capacity

8 GW Total Installed g, &
HVDC Capacity :

> 16 GW Total Installed
HVDC Capacity

= The National HVDC Centre is an Ofgem-funded simulation
facility available to support HYDC schemes in GB.

= The Centre used redal-time simulation with replica controls to
support the Caithness-Moray HVDC Project.

Scottish & Southern

Electricity Netwaorks

Page: 4

Source: Scottish & Southern Electricity Networks
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Topics 1B D& H

1995 How wrong were we

o Five inch thyristors with blocking voltage of 8.5 kV and
current rating of 3500 A are all what is needed for HVDC in
the foreseeable future False

. Other semi-conductor devices are too low in their ratings to
be adopted in HVDC False

LCC is the technology of choice for HVDC False
DC voltage above 500 kV is not necessary False

o A bipolar dc rating above 3000 MW is not necessary
False

- HVDC is suitable for multi-terminal but not for an
HVDC grid False

o No need for HVDC circuit breakers False

19

By Dr. Mohamed Rashwan, Chairman of SC B4, DC systems and Power Electronics, cigre
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RiBERICKDERBILICE T HFRE

o RUVERHAMN (105£LIE)

o F—TJILEEILX50~100kmHIB R

- EREFROHE, FEERFR (JL—FT7R—)
o —AHDRBKBEHENELI—ADREKIZTHR
- EREROEMICKIBFEBEFIADEE
o BIULBRBOERIEART

° Iﬁﬁﬁ:ﬁiﬁ
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« EFRZEEBR, ChoDREZERMLEAERE

LT 50D/ ZEY)1— 3y

« XF-ERFZENLEL—R—ENHY. BEAMEFFR
TEIRT D
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HVDCHEL TL\S %D =—

o EiEmLE
RMEEBEILX. TOLREERENSEEBEHMNRGLE. BLARRLDBELLTD,
HH—TELULEDEMTII. KRIVERDAL, BFRARL o= FaRMNBIZEHE
FEl2B,

e —JJLEE

RRTOT—TILEBDIGE . RKEGHEBRE(CKVIBEAINHE LA REGS=6, 50~
100kml EDEEIFREMNTIELGL, ERDIGEEXIIEREBLADOATHY ., RIEE
Dr—TIILTEHEEHE,

JEEAN: JlL%IEﬁE( i fiE

ﬁl;uun_?éfli EBBNZHEBICHIEERGENCENH D, EFfEEBE, EXE
I AT BE Kﬁﬁ%’@ﬁ%l:ﬁé)b—jiﬁﬂiﬁh EERTIEFEELLGL,

& RIMDEEI
RRmBRFMTIE, REAYPESIELGEDFRLERENELHENH D, EMEBICKY. £
SLEAREBRREHILETES, SHI2. BNENDOBRBICKOIRMELTTEILDIRLH S

BHZIE
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55, ThIZEY . RIS RHEID B IE T ORI, NS ERBECLS
KIBEEE~DEREN I TE 5.,
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CGERILAMNAEETH S,
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R REEE

T—TIEE(BE. )

R EREICHIEIL =0

RIDREIL

EHDREMIE
ERILKEFDIEHRER

EREIKBER. FRIESR
RIE7 A - TEHMH

—A%AYIZ, 500~700 km LA E DEEEE-E . RREERBLIYVILEREEZHBOAMNER RN BEELIZHEF LA

BEEDHNTLNS,

—A%EYIZ, 50 ~ 100 km LA EDEEEF=&, EREBHIREMNTBIRELG D, BffTHIIZIE 100 + a km FREEE TR

TOEEMNARETIEHAH ., HEP OIS RAMNEKREN KRR ELS-6. BENTIEH 50 km UL ETEREEHE
RENDIZEEMN LY,

IW—270—CGERER) EARLETIIHE L. REAYESELELX NG T E2EMTHYDC F#RETTEH5—ADH
5. BRI TIL DC Links in AC Grid EFE[EN S, BIHIK R RFEAD HVDC Ei (R#F© RIFDERTIIAELY) HA1E

ATETLNS,

(FIBAEREEIRIILTF—EEDNEEX. BIRDREEBEFZDEFETRMEERE~ANENTLHDT, KIEEZ N, )

BRI HVDC [T ERBICEVWTENE HZHIHTEAD T, RMEEILIZHEETES, BIRERTSVC,
STATCOM EZERINTWEI5E . BRIE HVDC ITKYH/IN—F B ENTES,

HERY AN, —ADNLDEHEREHE-LGEE,

ERERIPEBEEENFDEMBELXHBADIGEX. MRSV ELLS, HUDCIZLEERIE. REDERE
REEMIELL,

ARBEETIXHVDC S DERRIFIFIFGEL, UNEETIE MG YK E KB E M AT AL

— AT ZE X BR-EAM, RET7 XA TETI0FEUEMADSTLEIA . 7T—T IV IHFEZERLVE
lHHFEﬁ—GEIﬁEo
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Mackinac 3k ATC) D IL—T@RxEIZ, BliREHEELLICRMEELIIRMNKEL HVDC (BtB) AEIRES M-

. . ATC DX YT (EE. suw 10 O O
Candidates considered for MKN Flow-Control T 53'1%%‘" g"_ e,
3 - N & s
: | e 1»-—7&% Mas__sﬂ_B_ﬁE 5
» Series Reactors: very limited in control, consumes Mvars : N o 38557 Ty 9 Bipe
« Phase Shifting Trf’s: Good....BUT need several to achieve RN Y S 2 TR L LAY S \
angle/capacity needed long-term; don't provide dynamic | ot *;o; SN, (I'I‘C L ) 7) : e
reactive support . BYA o . e '; ”
ZUNN
» Variable Frequency Trf: OK...BUT Rating of single device is - AR N Tae: ?am:- | 4 > . e
100MW...not cost effective for MW rating desired; no reactive » - s jal T e
, ° @ -..-*-lil.l.ll-..... '_/,/'
C(?mr ol - - ' : ’.. v 2 TEosk e 158
» Line Commutating (Thyristor) converter: requires reactive Gl e v 0 | »“'o'; } -
support — not suited for Weaker systems ¥ 4 o B
ﬁﬁﬁ! @ Cleand — @
» Voltage Source Converter (IGBTs): Great on weaker AR @ e of
systems, excellent Dynamic Reactive control capability — ! Sl T . o »* s
« THAT'S IT!! Voltage Source Converter was chosen i olbhe? Nk RS HO-8 SHERR g i -
""" Whei i AP EF Y- Datrtinegh NI A5T
M- atcllc.com ,
Mike Londo (American Transmission Company), Transmission Reliability Administrator
Engineering Seminar —December 6, 2016 ‘l I. l.
Mirmpw
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1929 , 1954 1970 1980 1990 2000 2010 2020 >
EARBIZIEE 37.5MW ¥ {2 2FC 300MW W V1% 300MW VLA (B ) 300MW
— #H R iR1FC 300MW V L7218 300MW ¥ FEARIKSE 700MW x 2 VEEK (B 300MW x 2
. v Jt A 118 300MW VW AR 300MW V¥ #;E/K 300MW W v
< 1967 #i{E R B RHEIESR S3MW ¥
™ _ \ 4 2021 (F )
iﬂg)lzgé}xg" 2002 g%{tjb?z'f-NordLink
. -
(50kV. 200A) K-oaRYGHUk S LRI S
v BRi=330MW, +150kV v
Uno Lammi@t | 1970 2020
[k YHVDCD R T BT Y - BRI RE MT
B ERE (1,440MW. £400kV) %1+ Borwin1 SO =SSl 4
A 4 \ 4 # R4 _E B HIHVDC
1954 1984 .
ER A DERAHVDC HARABRKISDIN (84T \ 4
RAx—TdYkS (3,150MW X 2, % 600kV) 2012
K (20MW, 150kV) HEBA - RN L
\ 4 7,200MW. +800kV
w—_— 1992
.""“ R “ \ 4 54 - ZiFHVDC | 4 |
| B ARE R MoG227 homsur | | Fom—b-skagerraka
J) - B & TR X a—(AVTS5F T > ~N—/)-Skagerra
7K &8 /N JLTHVDC(FC) Emﬁfﬁﬁé}E%Emomw 500kV
HYIERA \ 4
1999 \ 4
R4 -BA A MEAHVDC 2019
A IT—F-TdYrSUR i +1,100kV. 12,000MW
(50MW. 80 kV) EExoha
B MT: XILFE—3F)L
AL EID D
FRIPED
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e 37> | - ) i . .
- 3 s SR e T | e i : -—? ol Y N
=MBRERDIEE BRL5RMNDER FERNDESR BHEAR R RHEADERIEE

Connecting remote generation Interconnecting grids Offshore wind connections DC links in AC grids

—

ELETIYNTA—LADEE i ER A~ D EiR G EREFTADEE
Power from shore City center infeed Connecting remote loads
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B 543 (vsC) foftat (Lo

ERRAR HC2ERR RmBEEZRAVTER

ARAYF T TINAR BIGT. IGBTZZE D B 2 HIEF AR (BEHEIMTELELY)

E|IEHDOMLA. HlE TH@RICKYAIEE (RER~NDART LK) ENENEHETH-ORAMRENIDLELLD

BENEHEEDEN EHRB[ICTHUNE N EEHOMERIHIENH AT 5E BN AN N E (BEARBIZIEFT)

& A1l Fll (RIFERAANDALRTYEK)

BRI R RGO R ERRMNF D ERBE=H/NEL) HE CTHEER A HE %??%ﬁlﬂﬁb\ (FERBENETBRBOD2~3FZUL) LE

\

TS9P RE—k RRAEERFICT VIR I—] (1HHEERE) RRAEERFHEESA ] (HDNIFIKIREL X RHABE)

Bx(F—42JL) T3 71-10.8 % (0.8%LL T D EXEHH AT HE) ZHFRH1=10.7~0.8% 2 E

BMmI1II, FERFELZED EEEIEEUS:E KRG ED (ERBBDEDORIEE) KL E

+RER

K& 19974F D A EERBA 1A LARE . #9408 1 FAVERAF Z<DEME (1505 (/LU L) A3 Y B ATaI I B
(FRRARAE3,000MW (BUE) HVERFE . B H%3,000MWE AT EE) (RKREE12,000MW)

LTS Ak SEROERERDER NIVIND—% R ERCTRIEMEET H5EITEA

LCC: Line Commutated Converter
VSC: Voltage Source Converter
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DolWin1,2&5 (J#) 800MW.900MW. 900MW
FERNREZARTREAEE

Project Datasheet

Owner TenneT
Background - tBDEELRNEREDER

« 20204E7GW. 20304F28GWETE D —&R
HVDCDHEE Bz

800MW (DolWin1), 900MW (Dolwin 2, 5)
Xt R B4 +=320kV

135km Hhr +BES—T )L

DC chopperlZ&AFRT

F/MI300t DCO2HEH HIlE
« LI RMDEERTEIL

Commissioned e 2015 (DolWin1), 2017 (DolWin2).
To be commissioned * 2024 (DolWin5)

Benefit

DolWin5 ;¥ _EHVDCAT— 3>
TSI+ —Ls
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Dogger Bank A, B & C (&E) 1,200MW x 3

Customer SSE Renewables of the UK and Equinor of Norway

* 200 km long subsea and underground power

Customer needs connection

* Robust grid connection

* Turnkey 1200 MW HVDC Light® system x 3

* 1320 kV extruded cable delivery

* Environmentally sound power transport

* Low losses and high reliability

* Bringing offshore power to 4,5 million homes

* Increasing current offshore wind capacity by 3,6
GW (equivalent to 5% of the UK’s estimated
electricity generation)

* Reduce CO2-emissions by replacing fossil-fuel
generation

* Dogger Bank A 2023 and Dogger Bank B 2024

* Dogger Bank C 2026

ABB’s response

Customer benefits

Year

AL 1D ED
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Nord Link (/JL™H9xz— & 1) 1,400MW

Customer Statnett/Tennet*

* Meet EU’s target for CO2 reduction

* Security of supply

* Two 1,400 MW, £525 kV HVDC Light® converter
stations

* 525 kV DC subsea and land Ml cables for over 200
km of the route

* Daily and seasonal fluctuations in power demand
can be met by using the other country’s renewable
surplus power

* Higher availability

Year * 2020

Customer needs

ABB’s response

Customer benefits

AL 1D ED
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Skagerrak (/)L xz— & TI—%) 700MW

Project Datasheet

Owner Stattnet(/JLoxA) LUV
Energinet(7T><—%)
Background « EREEDEM

- BHERMEDR L
« JYZBLDOBIXRZA
HVDCO = « R EiF500kvD B EIzHVDC
- HEY) BEiRS00kViBES—TIL
o BRERAhENE ED ABIE R
Benefit s ENBENMRRBICKIEARKOREL
- RiEKLEETE
o JS5YHORE—M LB R FELEERE

Commissioned 2015

S o AL 1D ED
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NordLink https://www.youtube.com/watch?v=NxTXK|ZgqJU

NordLink https://www.youtube.com/watch?v=ig5hSxjnhnM

NordLink https://www.youtube.com/watch?v=6BPWg6cFclg

NordLink https://www.youtube.com/watch?v=JTKIxvp40Qc

NordLink https://www.youtube.com/watch?v=wQYE303eNd4&list=PLQQZgYNMO8BrNxGmawDFcHbziCfva9hal
NordLink (Trfo) https://www.youtube.com/watch?v=z0IkCjc9cTk

North Sea Link
Caithness Moray

https://www.youtube.com/watch?v=KP4cxXZ1Hj4

https://www.youtube.com/watch?v= CfMqy GP20

North Sea Wind Power Hub https://www.youtube.com/watch?v=gTuYlybeiXA

DolWin 2
Dogger Bank

Slide 86

https://www.youtube.com/watch?v=2azGfQSrm8k

https://www.youtube.com/watch?v=6Ji9ZMyte48&feature=youtu.be

©Hitachi ABB HVDC Technologies, Ltd. All rights reserved. ’ ‘ I' l'
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