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HVDU-ORBINDELSHMANMARK

Interconnections
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Navn Type Konfiguration Bipol Retur DGsp. kV MW
KontiSkan 1+2 LCC 2 X ASM Ja Elektrode 285 380+360
Skagerrak 1+2 LCC 2 x ASM Ja Elektrode 250 250+250
Skagerrak 3+4 LCC, VS( 2 x ASM Ja Elektrode 350, 500 500+700
COBRAcable VSC SM +/-320 700
Storebaelt LCC ASM Metallisk retur 400 600
Kontek LCC ASM Elektrode 400 600
Kriegers Flak  VSC BtB 150 400
Viking Link VSC Ridgid BP Ja Omk. for MP drift +/-515 700+700

Bornholm

w/so MW

LCC: Line Commutated Converter
VSC: Voltage Source Converter

ASM: Asymmetrical monopole
SM: Symmetrical monopole
BP:Bipole

BtB Backio-Back converter
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HVDC TEKNOLOGIER

A LineCommutatedConverterc LCC
A Kaldes ogsé konventionel eller klassisk HYDC
A Har veeret anvendt siden 1954:
A 1954c¢ ca. 1970: Kviksglvventiler
A Efter 1970: Tyristorer
A VoltageSource Convertey VSC
A Har vaeret anvendt siden 1997
A Baseret pa transistorer (IGBT)
Al SN £t SOSNF YRDANJ KI NJ 3A S
A Hitachi: HVDC Light

A Siemens:HVDC Plus
A GE: HVDQViaxSine
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SAMMENLIGNING LCC OG VSC

ENLERGINET

LCC VSC

Kontrol af aktiv effekt (+) +
AC spaendingsregulering Kobl. Agiltre (RPC) PQdiagram
Svagt AC net - +
Black net start - +
Multi-terminal/DCnet - +
Semiconductor Tyristor IGBT
DC kabler MI (oliepapir) PEX

(Kontek 50Hz PEX)
Kommuteringsfejl Ja Nej

Skifte effektretning

Skifte polaritet

Skifte stramretning




LCCE MINIMUMEFFEKT

A Typiskl0%af Pn
A Danske HVD&hlaeg(undtagenSK12): 3%f Pn

400 kv
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Navn Pn[MW]  Pmin [MW]
KontiSkan1 380 11,4
KonttiSkan2 300 9
Skagerrak 1 250 251
Skagerrak2 250 251
Skagerrak 3 440 13
Storebeelt 600 182
Kontek 600 18

1) SK12 kan kegre i seftode medPmin=1 MW
2) Under 60 MW bliver D€paendingen reduceret pa SB.

04
0,040 0,080 0,080 0,100 0,120 0,140 0,160 0,180 0,200

18 MW 60 MW"
Reduktioraf DGspaendingpa SB under 60 MW

Deblokerefblokerernar
effektordreer stgrred mindreend
50%af Pmin



FOOTPRINT LCC OG VSC FERGINET

VSC: Stor bygning

LCC: Afiltre
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LCC KONFIGURATIONER
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Monopol med jordreturKontek
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Monopol med metallisk retur: Storebaelt

)
AC @ 2 F 4@7 AC
T§ @ . Pole 1 - ZI TT
— - —
AC @ zls S'Z 4@7 AC
TT O— Pole 2 - 4@7?
==

Bipolmed mulighed for jordretur:
- Skagerrak 1+2, Skagerrak 3+4,
- KonttSkan 1+2

- Bipoldrift Ingen strgm i jorden
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VSCTOPOLOGIES Rgdipoe

Symmetricamonopole
+320kVDC
t
COBRAcable
> 320kvDC <
-515kvDC )
Rigidbipolewith HSS fomonopolaroperation
Asymmetrianonopole +515KVDC
+500kVDC
t
(SK4) Viking Link

0kvDC

-015kvDC



VIKING LINK ENERGINET

Rigidbipolewith HSS fomonopolaroperation

+515kVDC

2 x 700 MW

-515kvDC

OkvDC

STATCOM

0 MW
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ENERGIOER Bipolmedmetalliskretur:

- KonverterfeflEnpol udkobles

Bipolewith metallic return - Kabelfejl
+525kVDC o - PolkabelEnpol udkobles
I ! - ReturkabelRidgidbipol (palanceringf
Energiﬂer effekten Parallelkoblingf konverternepa AGsiden)

[—
[ —

- Mere end lkabel Beggepolerudkobles

gz e J Bundlingaf kablern&
- Billigsteinstallation
J ! ..
> < - @getrisikofor gdeleeggelsaf >1 kabel
-525kvDC
Option 1 Option 2 Option 3 Option 4 Bundledd(ablerSKAL
Bundled Unbundled with two metallic Unbundled with one Unbundled with one metallic anvendes. tySkfarvand
returns metallic return (one pole return (DIVIR separated from aht magnetfelt

separated from other pole | plus and minus)
and DMR)
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CABLE DESIGN

The Viking 525kV HVYDC MIND is based on a des
with highest commercially available voltage rating
with references.

Cable weight approximately
A16.21kg/m copper
A10.955kg/m lead
A7.75Kg/m Ml

A10.392kg/m steehrmour

KCEL uddannelsesdag
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SKAPOLARITETSSKIFTE

SK3: LCC always same current direction
SK4: VSC always same polarity on the converter

High Speed Switches on DC side to change polarity on SK4 cable
due to power reversal

S

SK4

SK3




SKAPOLARITETSSKIFTE

WA.Q

WAQ

WT.Q1

WT.Q1

WTQ1 WAQ
WTR1

WT.Q1 WAQ
WT.R1

WPLQ1 +500 KV DC WPL.Q1
AC —— weo1 DC
WP1.Q2 WP1.Q2
WP.R1
WP2.Q1 — WP2.Q1
bc WP2.Q2 WP2.Q2 AC
WP1.Q1 . ' WPL.Q1
D - Discharging - D
AC WP.Q1 DC
WP1.Q2 WP1.Q2
WP.R1
WP2.Q1 — WP2.Q1
bC WP2.Q2 WP2.Q2 AC
a— -
WPin - Charging - WP@QI
AC WP.Q1 DC
WP1.Q2 WP1.Q2
. WP.R1 .
WP2.Q1 — WP2.Q1
bC WP2.Q2 WP2.Q2 AC
L1 L 1

I

I

WTQ1l WAQ

NorgeA Danmark
+500 kV

Afladningaf kabel

Danmarkd Norge
-500 kV

ENERGINET
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SKAPOLARITETSSKIFTE

Polaritetsskifter500A -500 kV

Q Afladningaf kabel

Opladning

Spaendingslggeauseggesiraca. 0,2 dil

2 minutter aht. DCkablet
(ingenAGspaendingsregulering

High Speed Switch: 800 k\V-#&Gryder
HSSil afladningaf kableti Kristiansand



