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EXM D “10 Year Network Development Plan” (TYNDP 2020)
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23 GW

cross-border capacity
increases needed by 2040
(TYNDP 2020)

20 FF T 93 GW

64GW

cross-border capacity
increases needed by 2030
(TYNDP 2022)
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* entso-e: The European for of T System Operators (TSOs) for electricity
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UCTE: The Union for the Co-ordination of Transmission of Electricity (EX M Ak 3 Z &R 0> FIH# Fif)
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Hi#:ENTSO-E  http://tyndp.entsoe.eu/
Map of TYNDP 2020 transmission projects. Areas indicate projects for which the route is not yet known. (Green: project under
construction, Yellow: project in permitting; Red: Project planned but not yet in permitting, Blue: project under consideration)
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66 \We build interconnections because it’s social welfare, beneficial for both society and
economy. It is not Statnett’s economical benefit because the congestion revenue from

interconnections are passed on to Statnett’s customers through reductions in tariffs. ¥

Statnett, Norway

entso-e TYNDP 2022:
64 GW (DE R B34 (2022 -2030) IZ&Y
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v 17 TWh/5 BIRNHIEEE (35 = 18 Twh/4F)

v 9TWh/4E RAHAFKEBHIB (393 = 384 TWh/4E)
v 14 Mton/E CO, M HIR (323 = 309 Mton/4)

v 50{H €/4F FKEIRXNHIRE (1,040 = 990 fEe/%)
[2040%F ]

v 42TWh/ BIRDFIER (78 = 36 TWh/4F)

v 75 TWh/4E KARTRAFKBHIR (366 = 201 TWh/2E)
v 31 Mton/4E CO, W HEIR (175 = 145 Mton/4F)

v 9of# /£ FKEIRNAIRE (1,320 = 1,230 fEe/4)
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X Statnett Tl ERIENSDIRAIHEFITETIN TS,

Public
9 © 2023 Hitachi Energy. All rights reserved.

i R W |
h

Today's power system
930 af coas Sdes wanomssin cpaciy |

htths://eepublicdownloads.blob core.w
documents/TYNDP2022/public/system

dGws net/public-caniconta
-needs-report.pdf

@®Hitachi Energy

B R AERANI0E

HITACHI

Inspire the Next

[entso-e ERIRILIRETD B &)

0O W5l EDE/NME
>€2 / MWh (FT19)

Sl ERBILERET <&
ERER<E—/BED30% IR
<t D30 BREShTNG,

O BIrO#EF
HERER<BEIRHABRD30%

Report of the Commission Expert
Group on electricity interconnection
targets, Nov 2017

R HVDC B EE ¥ 202358 AR
250,000
RIS AT or HE
202
200,000 192,232
150,000
100,000 B8
oy ol
11,330
3 [de 854 1,904 ||||| ”l
e RENRA W A 1l
o -
8

L66T
666T
T00Z
€00T
500T
£00T
600C
120z
€20T
S20T
£z0T
620C
T80T

HVDC, Europe and world
20234 BTE

——e 2023FERAT
. e—e 2023fFEEEH

FHEIS, WA
(20234F B f1)

6T

Public
10 © 2023 Hitachi Energy. All rights reserved.

®Hitachi Energy



https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/system-needs-report.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/system-needs-report.pdf

2025/1/20

BERRZOEALELT TRAA+HERBEIE] ABIREATULSH HITACHI

IEA: Net Zero by 2050, a roadmap for global energy

sector

iea.blob core windows net/assets/deebef5d-0c3d-4539.9d0c
10b13d540027/NetZeroby2050-ARoadmapfortheGlobalEnergySector CORR.pdf
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Planned high voltage direct current power lines in Germany
2 GW x 5@ HVDC(~2029)

realisieren gemeinsam neue
~ Gleichstrom-Verbindungen

&5122 GW x 6 &M HVDC £3EM(~20377)
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FLEXIBILITY FROM THE ENERGY MIX Figure 2. Annual VRE share and corresponding system integration phase in selected .
countries/regions, 2018
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World's First Energy Islands

Green power plants at sea
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The National
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HVDC in GB

Current HVDC in GB

Future HVDC in GB
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“Together, the nine countries set offshore wind targets of

about 120 GW by 2030 and 300 GW by 2050 in the North Seas.

Today the North Seas have a combined capacity of less than 30
GW.”
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Insulation screen: extended
semiconductive compound

\

Wire screen

Conductor screen: extended
semiconductive compound

<«— PEsheath

Round compact \ »
stranded conductor / \

Semiconductive tape

Extended insulation
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transmission billion-renewable-energy-powerline
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ERHRFDER

Interconnecting grids

ERERORXE
Connecting remote generation

BHE~DERELS

City center infeed

FEAORE

Power from shore
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FHARRRFENDERIZE
DC links in AC grids

BRAFTNDEE

Connecting remote loads
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i/ ﬁﬂv&ﬁtmumatﬁwa. THOWHBE DRI~ &Y RAERL. tnass,
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R XHVDC D EE AR [ 2 (f51])
EREREBALERBELED, MHOEABEOZICLYEREAL. BHERD,
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AN =XHVDC D EE A [ 2 (f51])
EREREBALERBEEESD. MHOERABEOZICLYBRERL. BHERD,

3 8
<4 P} < P,
“ |
V. P
% A T v,
@m (—5%) R

[ I

7 7 A VP N
100 99 1 1

100 99
101 99 1 2 202 198
99 -100 1 1 99 -100
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BRXEREBICEVDTITBRAMEL. FERRDREN DI

TILFLANLEBRBHLER

¥
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285

BT

7—LEE
&R TS
F—LER RS
WERE KT 641::k¥4ﬁ—4%t
Public

© 2023 Hitachi Energy. All rights reserved.

37

EARBICEPEE (DAERHICKET D)

I
ol t 0

LR

BT

FHRIIZHBERE (EFEHFICHHRELE)

t

HITACHI

Inspire the Next

@®Hitachi Energy

TILFLRILEHRS (2)

HITACHI

Inspire the Next

FNEN2 LRIEROHBHELS,
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B 7—L=EHOEILOESIER 7-LHHEEEEILEABEDH

E=3 7))
ASATIREE
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Number of pulse: 3
Modulation index: 0.9
9-Level
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Number of pulse: 3
Modulation index: 0.9
61-Level
Publi . .
41 ©U20I263 Hitachi Energy. All rights reserved. @Hltachl Energy

TILF LALERE (5) HITACHI

Inspire the Next

B EE7—LOD“EBE" > XMBE Va=(-Vip+Van)/2
B EE7—LD “NEBERE" = EREE Vpc=Vap +Van

— RS (IERD

E R H N% i

Ve = Vap +Vay /

ZXREEHAN

it~
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BARHVDCIE., RtLELIZLEFS

ERZHVDCIE, FHEA O MR THE

SZXbN=P. QIERITXL
Ver ESEFIHED
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V, & —EISHFT 555 F-5A 0N Q EERITHL
Vo ESZE T
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ERAR Bo&ER
BT, 81 £ DR BT
MW H DU, Hl TMBICEVENBNOLENTTEE (REER~DART YEK)

AREOLENES Z|BICTHHE S WHEH OEHFHEAATRE
O BRI HiE CRIFERNDART1vhK)

A 3E T KD HIR ERFHAB ERBEHINSL) I5E THEEATHE
B RBTIE Grid Forming MEREHE

LHFHI-UH 0.8%
FEF(T/DRE

BES—IILOBE BRER AV LEERAYIE HARE (XLPE 77— L)

£ 1999 4F D FIEERRASA LABE . #9 50 ¥ MAMERAFE
(KRB E 5,000 MW (FUE) HYERRF)
BLTLDA® T—IIEE, BIRERGLE, BEVARICERELESTL

LCC: Line Commutated Converter IGBT: Insulated Gate Bipolar Transistor
VSC: Voltage Source Converter BIGT: Bi-Mode Insulated Gate Transistor
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B (vs0) flBh = (O

ZiRBEEAVTERR
HA)RE(BEHILTELLY)
BEHBNEHETS-ORERBIALELLD
BN R ASAHE (FEAREIZIETRAT)

ERRMIEHED ERBESTHRBFD2~MEUL) BENHD

X RAEEFHEERA (HEHVNERRELRARE)
TR &HT1=Y 0.7 ~ 0.8 % F2E
KIBBEHD (ERBEEDORIEE) HLE

(XLPE LEEEL) 7—T LB T HERL

DM (150 YR L) B HYRATAICHRE
(KB E 12,000 MW)

ggu& NVINRD—ZRERTRIEBEET HHEC=—IH
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HVDC D&Y R— k
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HVDC DARZT 4 v b —REREILADEE— HITACHI

U (kv) Stable operating
Rotor area

RRRRICE T AL EHK
EHEHH (REES)
| | | I I ] I

[ 100% -y 105% ** KA
= e it b ) | = e [0 p = =
3 5 3 Stator with
o - o Iwindings:
E SN2 L § . L
< k] i /
= 2 =

AL — . =

) == P (MW)

90% A=l .
BRFICLD BEDLRE. TR ERER(BR D 4
B s W BERBRREE BHHE BEREE

®Hitachi Energy
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HVDC DARZ T 4w b —RBREEADETE — HITACHL

BEFHVDCIE, IFEXRARMOREL -HERALIZBEFS

E
y Stable operating

area

Line loading
Node voltage

11

P (MW)

2P (MW) [ ! U (kv)

; Al (kA) [/ &
. = o
Q . / l AU (kv) l Af (Hz)
<
P (MW)

WO FHBHHEG il A AR FLEL TS REHS

HVDC

a7 5053 Hiachi Energy. All rights reserved. @ Hitachi Energy
SE SRR e
BEREE L& HITACHI

— R REBRERBHOTUNSURIZEY, FERAIILEBIEL. ZHIZFFOEZEHA (rotor angle) A
BiET 5. HEAN RS TELLEERAREELY , REWI BT HATaEMEN H D,

. P, - prefault

Transient rotor angle change when turbine (P,) and generator (P,) power are
not balanced; limited by generator inertia

2H d25' 1)1 ds’ pl
——sind’ — Pd 2 E

P, - postfault

Rotor angle stability (transient) ;
|
|
l
{

|

P, - during
fault

(O dtz fr Xé

Rotor Synchronizing Damping power

inertia power

Be ®o Equal-area criterion:

== % A, Accelerating Area
A, De-accelerating Area
::> &, Critical clearing angle
Pe(8) 6., must make sure A, bigger than A, to ensure stability
Publi . .
48 ©2053 Hitachi Energy. All rights reserved. @Hltachl Energy
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Kundur 2 area test model ({Z#£ ZI'J7TZI~:ET)L)%_'—Fﬁl,\f'ﬁﬂﬁ{ﬁ'l
E;W . 2! 1

10
220k

% ) [ Bus w0, uMoIES T AR BN
200mw | T
HVDClink T - Area B
350 MW | 1
LD 4 joeomw

() ea

@ &b ITBEHBERICHLTEREL
"‘W w w»MM i | |
...... : // N -
::ﬁ et st = b T
o J HVDCH: 71 : " N HVDCH: 7
- . A = : e |
| “_/ \ / N _
o S [
- f " . LB
49 5053 Hitachi Energy. All rights reserved @Hitachi Energy
HVDC O EEFIEIZ & 5 RMRELDBI (Rocor @i, ArMmTEERL) HITACHI
Kundur 2 area test model (%2
s 1 5 6

-% ZI'JTT?’\FET)I/)’éFﬁL‘tﬁ**ﬁW‘l

{a—1&}

[
N Rl (TR IR D
\") 1, | l_| Tl

2‘-1_ L7

HVDC link
I 350 MW

l

LAl

r\

_1_

a2 () ><
1
50.0 Primary  Secondary S &
control control y
49.8 /
’,_\“ !
- -
= 49.6 Governor 7
2 response =T
3 > AT »
i 49.4 Tertiary
L control
49.2
Fin~ — 77 — — — 1
et Rate of Change of Frequency (RoCoF)
A
0 10 30 60 1800
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Maritime Link (h74) 4% 500 MW
HVDC DEEH AFIEICEKY, Za—T7 RSV RERDL DI R &34 (RIFEHERO B K- EXREL)

— @ Run-backFlIHI<& 2 Vi O =HtbiERRE
A o ' : € & :
2%
-
a! 15
100
15
s
:' . [7-) S
=L LIRS USRS OSSNSO
2 zl J zli e; IIO o : 3 : s Ti"'é[sl
Bottom Brook HVDC station 2§11 Za—J7VRSURERO &/ —RERE (in pu)
AHEALENENDLE (1BH=Y)
51 guzbc?zcz Hitachi Energy. All rights reserved. @Hitachi Energy
- == [ ] — -~
HVDCIZ & 3 BEREEML (239 +52 FTORRHTOH) HITACHI
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Caithness Moray (EEXavkZ2F)  1,200MW / 800MW
SETHROVNSURILEOENZE HVDC ICKYFEHITEE T EEEIC. BLILEBRMELEL

Spittal

HVDCEERA] | HVDCEER{R

Ty | e . i
W #ﬁr;"‘um‘ﬂw Iy M“‘“’"ll"?l!""ﬂ“} kil
i Gyl

HVDCEERRAE A O Spittal D EE K

Courtesy: Scottish & Southern Electricity Networks

Publi . .
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DC Links in AC Grids (st Bifs R £ 2171 B & 1 5HVDC) SUTECET,

DC Links in AC Grids D% BETRRE —e
- (F—2L0)EBREDER

- ERRBHEOBAFL O—o—i W S
- XRBHOD TTC* PR (REEM LIZLY REERFICEATIC HlEER) E i
- BRASMBEOSUELY  L—TIO—DFE% b O IS S
- R oL IV RR L - —_— >

- F—ALEBIRF OB

Power
£ TRMRHEN BEFEXRRHLLETLO ICEBESh SHVDCH @M (RO I RES H)

N.a A &
AAATAY bC

HVDC: — 5 &85 HVDC: A EV T HIf

Time
- P - — =
* TTC: Total Transfer Capability, €D A THOX BB R (RENREEFICLYERERTD)
52 © 2023 Hitachi Energy. All rights reserved. @ Hitachi Energy
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HEDRE B R $EFIH (slanded operation) EEIZHLREE

— ESCR*>15 - F#TERMEEEH L ESCR=0 — ESCR<1.5

- EHRBERGEEICFALTHE(Grid (TFyIRE— bR FLANIINT =T _ @B hBER pec HRHOBELARIS
following) FOEMmARH) 2ETD

- RHEAOEREHES LY poar - RRBEEEARUEHE — P HIEIEEECAHIAIZ &S (Grid forming)
il - P.QlEHIEHET. %ﬁ@ﬁﬁl:&uﬁ&&)%h . REOETRAEIZD B0 IZFL (slow

— RIELBIHEICRILT PLL ZFE->TERICEHA é ‘(Elid)%'%bfz'%jjb‘%d)ﬁfiHVDd: synchronization)
(fast synchronization) EbhB)

* ESCR: Effective Short Circuit Ratio, AN iEREE L

* PLL: Phase Locked Loop. 1A E#EI#E

54 5053 Hitachi Energy. All rights reserved. @Hitachi Energy
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PRI EYR— 95 HYDC HlfEI R F— L

Grid Forming :ZERFR D R B I

HITACHI
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L THREL CGEERZEH# E5 I I :
oo e |
§§ ool {7 - R — |
i ; ; 3 : 5
g |
T R |
. M s | 55
Y 1 2 3 4 5 f = s
& of-Po--- - ---- $omooe- e RRREREEEEE — ESCR<15
N A R - ERBENER Ipcc NRSOBELAI
g0 o 2872
2 go|- I | s T
g, : : 1 — PHIILEELAEHIEIZLS (Grid forming)
. ! : ! H — RHOBEEHABITD B OAICEM (slow
gi 100F =5 =7 'E‘ T ‘? """ 3 """"""" synchronization)
g3 oo = T I e -
ZE ool ~ - : :
2007 1 z 3 4 5
Time [s]
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i@nl RMS test  (SEZNBERRAT) EMT test (BRES(EARAT) Factory test (Ti5ER) Site test
Hg IR O REHREE T LB R DREE REOHIE S R T LOBEREE Mk (RHERRER)
REMERT BERRAT
E3 = RBHRHMETIL EEETI
o)) ]| | BRRHE T GEERIE B GERB R &) L
HX _
DLl P x YA L (AR
i f<50Hzt=3 ~30s £>50 Hz, t=0.001 ~ 35
,t=3 ~ , t=0.001 ~ =001~ C0s 0<f<©,t=0001 ~ O s
ot 3 D
57 5053 Hitachi Energy. All rights reserved. @ Hitachi Energy

gt (F2342)

& FST (Factory System Test)
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Software in-the-loop (Virtual MACH)
VTR LAl —ay (FTTFM1Y)

EEOHIEO Y Actual control logic
EFRDY—Ra—F Actual source code
N—RYz7HE LU ERBEETIL Emulated hardware

ZAEPC + NAAYA RSN =Y TR DT
Y2al—vavy—iL
AC B & DC D EIFRIRERIIF(FFIBRAELY
A=) NES

Accuracy/scale dictates simulation speed

Hardware in-the-loop (MACH)
YPILBA LS EaL—ay (FoF1Y)

EEOFIEA VS Actual control logic
EIEDY—XI—F Actual source code

EREOHIHREN—F D7 +EEBBEETIL Actual hardware

BB DHRETA SN zN—F T
YFZIBA LY 2aL—4

#ERIS Tz AC B LU DC DEFEIESE
RT—U T L BEEET S

Simulation speed dictates accuracy/scale

ERBAISAoYEaL—avIs &Y RS H EIRETASETRE
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" Sossion 2022
G4 Pomsc Systan T
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aystom e

Virual CAP - & powertul skscdation plafon for HVOC and
FACTS in prevent and future grids

L HERNANDEZ', E. KILANDER',S. AUDDY', K. & MITSCH: M AIEISINGSET

Wtahitnersy Bonnestle Powes Asminstration sttt
Swadan ush Norway.

anrrrandeess ischivaerzy com

SOMARY

o
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KEYWORDS
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P
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Cigre C4 10819 “Virtual C&P — A powerful simulation platform for HVDC and FACTS in present and future grids”
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Mackinac BtB (2014, US)
200 MW

Caithness — Moray - Shetland (2018, 2024,

UK) 1,200 - 800 — 600 MW

Dogger Bank A, B and C (2023-26, UK)
3 x 1,200 MW

Public
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Pl

Skagerrak 4 (2014, Norway — Denmark))
700 MW

47/

IFA2 (2021, UK - France)
1,000 MW
- :

DolWin 5 (2024, Germany)
900 MW

DolWin 2 (2017, Germany)
900 MW

NordLink (2020, Germany — Norway)
1,400 MW

\ e
Lightning (2025, Abu Dhabi)
3,200 MW

Maritime Link (2018, Canada)
500 MW

North Sea Link (2021, Norway — UK)
1,400 MW
- ————

M; g
HAK (2028, A&)
2 x 300 MW

@Hitachi Energy
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TenneT offshore (3 - ) SuedLink DC4 (%) Saudi Arabia — Egypt

ER: 2026 SERA: 2028—31 &R : 2029 SERA: 2025
A&k EERNER . A& FERNER A& DY IR ERms-smm A& EER
A= : 3,000 MW (£525 kv) BE: 6x2,000 MW (525 kV) A= : 2,000 MW (525 kv) A= : 3,000 MW (=500 kv

Total 12,000 MW multi-terminal)

Champlain Hudson (-70) ° Hornsea 3 (&) ENOWA (4 ) Project Lightning (UAE)

Connecting -
Oxagon and 'Hb‘,‘:
larger Yanbu area
for over 650 kms

&R : 2025
g FRMRHER
: 1,250 MW (400 kv)

1 2027
Fig: FERHER

BE: 2x1,320 MW (=320 kv)
Total 2,640 MW

&R : 2027 2025
A E: 3x3,000 MW (=525 kV) B
Total 9,000 MW 1,200 MW (£400 kv)
4 Total 3,200 MW ~
€ gy

RIBEEHUISETER DB North Sea Link HITACHI

Inspire the Next

a
layeqll Customer
AW Statnett SF in Norway and National Grid in United Kingdom

Customer needs
/D\’ « Security of supply
N/ + Meet EU’s target for CO, reduction
« Energy trade
Kvilldal
Our response
« Two 1,400 MW, +515 kV HVDC Light® converter stations

Customer benefits Den
« Security of supply

« Fluctuations in power demand to be met by using the other country’s renewable surplus power Biy
A ¥ Netherla:
= * Bipolar 515 kVdc
é—é HVDC Light® i . Land and sea DC
=5  converter stations el TIPSy cable system
- Blyth: 400 kV

Increased security of power supply and social-economic benefits for both countries

Public
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North Sea Link: 20214 &R, BRI + 515 kV, 1400 MW (IR 4E)

Public
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Project Country-area Year Size (MW) ) «
East-West Interconnector Ireland-UK 2013 500 =
Mackinac USA 2014 200 (BtB)
Skagerrak 4 Norway-Denmark 2014 700
z:f::::'.': @ (M“",'I' y-D 2020 410 (BtB)
NordBalt Sweden-Lithuania 2017 700
Maritime Link Canada 2018 500
f;l':'l't'i‘_‘::srm:;;"'s"e"’"d Scotland, UK 2018/24  600-800-1,200
IFA2 UK-France 2021 1,000
NordLink Germany-Norway 2020 1,400
North Sea Link Norway-UK 2021 1,400
E:::::s'a'" Hudson/Rowe RS N e 2026 1,250
Chateauguay BtB USA-Canada 2026 1,500
Biscay Gulf Link France-Spain 2027 2,200
Yanbu Saudi Arabia 2027 3,000
L ¥ 73 ax 2028 2x300
SuedLink DC4 Germany 2029 2,000
Eastern Green Link 2 UK 2029 2,000
Spittal-P head UK 2030 2,000
Western Isles Scotland, UK 2030 2,000
: SR RS
guglzcs Hitachi Energy. Al rights reserved. @Hitachi Energy
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Dogger BankA,B&C (¥[E) 1,200 MW x3 (&Et 3,600 MW)

Customer SSE Renewables (2[&) , Equinor (/)L™ x—)
200 km DT—TILEE

o ANRRTLOYIUNMET )RS

¢ 1,200 MW, =£320 kV. HVDC Light® system x 3

Customer needs

Key features

REICEESLREURMIES
BiEREHEEE
HEEICV)—VEBAERITS
FEDCo2E H DIEH

Dogger Bank A: 20234

Dogger Bank B: 20245

Dogger Bank C: 20264

Customer benefits

E RS
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BER (FEL. FLE) OBIXRE

Project Country-area Year Size (MW)

BorWin1l Germany 2015 400
Dolwinl Germany 2015 800
DolWin2 Germany 2017 916
Kriegers-Flak CGS Germany - Denmark 2020 410 (BtB)
Dogger Bank A UK 2023 1,200
Dogger Bank B UK 2024 1,200
DolWin 5 Germany 2024 900
SunZia us 2026 3,000
Dogger Bank C UK 2026 1,200
Hornsea 3 UK 2027 2,850
Lanwin 5 Germany 2028 -31 2,000
Doordewind 1 Netherland 2028 -31 2,000
Doordewind 2 Netherland 2028 -31
Nederwiek 1 Netherland 2028 -31
Nederwiek 3 Netherland 2028 -31
IUmuiden Ver Alpha Netherland 2028 -31

T

Public
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World's largest offshore wind farm
Dogger Bank produces power for the
first time

Public
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EED B HVDC O ARMLEE, BE HITACH!L
XFEE
JCN &y T +320 kv = DC voltage Power
P o +320kV 800 ~ 1,800 MW
SR l -320 kV. o
o ipiE
+ + 525 KV DC voltage Power
‘GD'IZI IZI'@ + 525 kV 2,000 ~ 3,000 MW
7 5053 Hiachi Energy. All rights reserved. @Hitachi Energy
EED B HVDC O BEME LA 7Y FERE HITACHI
X FFEAB (£ 320 kV) B (£ 525 kV)
900 - 1,900 MW 2,000 - 3,000 MW

Public
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FEREAEZR HYDC 4188

> FRELAE (£320 kV) DHVDCEE #2FT (1)
(900 ~ 1,300 MW)

Lean design platform.
Dogger Bank A&B onshore station Source: Aibel

https://doggerbank.com/construction/onshore/

Public
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B (£525 kV) DHVDCZEHEFR (451)

(2,000 MW)
&

with a new.2'gigawatt standard
offshore grid connection.

Standard design platform.

Source: TenneT

https:/electra.cigre.org/321-april-2022/technology-e2e/next-generation-offshore-grid-connection-systems-

tennets-2-gw-standard.html|

CONFIDENTIAL
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A T—T 2 Ludvika (Rby27R)L LANSILFEIZHS 200 km) P )
HEEEH94,000 A, 120 EDER '

C =

HVDC, EES. BEEHBORNR it Wit
HRAFBHOMEMEREFGEEHRRKEERA - o —'—
2023 4 8 AB7E. 40 GW EBOFER VSC HVDC FAL T I pS TR SR

A
Helsinki

NI =
’Hamburg I
N> AL nd
Be;lln/ R=32 K
@ -~
QVoxD S
Warszawa )V/

Uh Lamm HVDC Centéf, Hitachi Energy Ludvika
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Hitachi Energy Ludvika - A world center of high voltage - HITACHI
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Bushings Tap changers High power laboratory /“

e == : = / ~ Breakers
UHVDC : 2 B
test hall

T S

High voltage
__laboratory

Publi . .
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To meet the market demand ],t',,ll‘%,?,u,!t
® 2020 F Ar)x—7 > Ludvika @ HVDC 4 EE % E & Y5k Hitachi Energy Is expanding its production in
® 20224 8H  RYUI—T Smedjebacken [Z HVDC £ETI 5 e
it
® 20328 AVURFIUFAIZHVDC EETIHEHHR
® 20234& 11 A 2024 &IZ, A T—T Y Ludvika BEU

Smedjebacken () HVDC 4 E R EE L3R T H2&
EHRK

MIZDERICIGZ 5180 inaITHRFHER, ABEHRZE
Sy

oocooce

its-production-in-sweden
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— Photo gallery —
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1954 19199> 2 2009 2009 2012
T T T T T T
RN HAIYREIZED R0 EE=E HRRAR it ) 1t 547 800 kv
HVDC T KEEHVDC HVDC BEERR RELRHD UHVDC 7,200 MW
(Sweden) 1970 1,440 MW (Sweden) AC 1200 kV. DC 1100 kV. HVDCE R (¥) (FE)
1984 6,000 MW %&
2021 2020 2019 2014 2014 2012
t + t -+ — t
HARRBET—JTILEE 20 kA E FEERTRR R4 HvDC JUwk HRJEK 12,000 MW 1 540 540
(720 km, 515KV, 1,400 MW) KEMA IRE#5T (550 kv, 3,000 MW) 1,100 kV UHVDC 500 kv BBzt HVDC 1,100 kV UHVDC
(EE-/1Loz—) (RE) (Denmark*Norway) EEFRART
3 1 V’"
3 l o

2q26 202%—31

2023 -26
‘:’ T T g
#REKF ERFAHVDC HRAFKRELADEE HRRKRELR S FERNER
(3 x1,200 MW = 3,600 MW) (3,200 MW) HVDC (3,000 MW) (6x 2,000 MW = 12,000 MW)
(EE) (UAE) (34~ 78)

=
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80 © 2023 Hitachi Energy. All rights reserved.

o

P

®Hitachi Energy




2025/1/20

HiIiIF+ 2 —HANERHVDC 7Oy MIBtTtE32 & h'.'s'p'l‘?%?u'u'e"!t

0 ZLNEBMNHYHAZ M T:ERIN TS
Proven IZiiflire A IO AR

® FTIDHDTANARMEU AT L
e JOUHr)RYDIERE. THIGEHE

o Rif-BRI-ESCREGHKEIRE. BEHO
HE At

o TUAIKEMZLEZTOCIHNRITOEL
BLU &M DEEE

= h—Ro=a—rSI~ADEBR

Publi . .
81 ©U20I203 Hitachi Energy. All rights reserved. @Hltachl Energy

TN
ey e

TN
" qV”
IS i »
A

9 AN s
s

o o O =
3

== : N e
T CEBHUALITTVELE,

181

BELEDE:
FEREE
Country M/S Manager, HVDC Japan, PGGI Hitachi Energy
atsushi.pishioka@hitachienergy.com
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