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abb.com/hvdc

ESTLINK - The Underground 
Power Link between
Estonia and Finland

HVDC

Sähköpäivä 2006
Tallinn

2006-05-09
Bo Pääjärvi

Vice President 
ABB Power Technologies AB
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ABB Power 
Technologies
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ABB Power Technologies AB, HVDC

� ABB Power Technologies HVDC 
� Main office Ludvika

300 employees. 

� Turn-over appr. 200-300 MEUR

� ABB in Ludvika 2500 employees
� Transformers

� HV Breakers

� HV Measuring Equipment

� HV Arresters

� HV Capacitors

� ABB in Västerås 800 employees
� FACTS, Substations and Power 

Automation

� ABB in Karlskrona 300 employees
� HV Cables

Karlskrona Cables
Karlskrona Cables

• Västerås
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Transmission technologies

� Traditional overhead line with HVAC

� Overhead line improved with FACTS

� HVDC Classic overhead line

� Underground line with HVDC Light or 
AC cable

(Same power being transmitted)
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HVDC Technologies

550 MW, 120x50x11 meters
( 1.5 acre, 36 feet height)

What makes HVDC special?
� Lower investment and lower losses for bulk power 

transmission

� Asynchronous interconnections

� Improved transmission in parallel AC circuits

� Instant and precise power flow control 

� 3 times more power in a ROW than AC

What makes HVDC Light ® special?
� Underground cables

� Easy permits

� Costs close to overhead lines

� Connection to passive loads

� Enhancement of connected AC networks

� Independent control of active and reactive power flow

� Short delivery times
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ABB – the HVDC pioneer

1954 - First commercial HVDC link with
mercury arc valves

1970 - First thyristor valves for HVDC 
1980 - The highest power, Itaipu 6.300 MW
1994 - The longest submarine cable, 

Baltic Cable HVDC Project, 250 km
1997 - First commercial HVDC Light installation
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Nelson River 2
CU-project
Vancouver Island
Pole 1

Pacific Intertie
Pacific Intertie
Upgrading
Pacific Intertie
Expansion
Intermountain
Blackwater

Itaipu
Inga-Shaba
Cahora Bassa
Brazil-Argentina
Interconnection I&II

English
Channel
Dürnrohr
Sardinia-Italy

Highgate
Chateauguay
Quebec-New 
England

Skagerrak 1&2
Skagerrak 3
Konti-Skan 1
Konti-Skan 2
Baltic Cable

Fenno-Skan
Gotland 1
Gotland 2
Gotland 3

Kontek
SwePol

Chandrapur-
Padghe
Rihand-Delhi
Vindhyachal

Sakuma
Gezhouba-Shanghai
Three Gorges-Shanghai

Leyte-Luzon
Broken Hill
New Zealand 1
New Zealand 2

Gotland

Murray link

Eagle Pass

Tjæreborg

Hällsjön
Hagfors

ABB HVDC projects 

Total since 1954
47 HVDC Classic Projects 39700 MW

10  HVDC Light Projects 1250 MW

Directlink

Cross Sound

Greece - ItalyRapid City

Vizag II

Three Gorges-Guandong

Troll

Estlink

NorNed
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World HVDC Market – MW Installed
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Troll A

ABB HVDC Project Management Experience
1990 1992 1994 1996 1998 2000 2002 2004

Gotland Light

Cross Sound Cable

Rihand-Delhi

New Zealand
HQ-NEH

Skagerrak III
Baltic Cable

Chandrapur-Padghe
Leyte-Luzon

SwePol

Kontek

Garabi I
Italy-Greece

Three Gorges-Changzhou

Tjæreborg
Directlink

Murraylink
Three Gorges-Guangdong

Vizag II

HVDC Light
HVDC CCC

HVDC

Sylmar
Rapid City Tie

Garabi II

Three Gorges-Shanghai
NorNed

EstLink

Mission

2006 2008

Valhall
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 -

HVDC
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HVDC Classic - HVDC Light ®

With HVDC Classic,
good for power levels up to 

more than 6000 MW
using Thyristor Technology

or

With HVDC Light®,
good for power levels up to 

1100 MW
using IGBT technology
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Comparison HVDC-Classic and HVDC-Light ®

AC DC

HVDCHVDC--ClassicClassic

AC DC

HVDCHVDC--LightLight®®

IndoorOutdoor

HVDC Light has fewer components and most equipment indoors
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Comparison HVDC-Classic and HVDC-Light 

Example size 
comparison

� Underground or Sub Sea cables
� Network enhancement

� Long distance OH transmission
� Long distance sea cable transmission

Typical application

� Power flow control
� Power damping control
� Fast and continuous voltage and reactive 
control
� Black start capability

� Power flow control
� Power damping control

Typical network control

� Capacitor
� XLPE cable

� DC reactor
� Oil paper cable/Overhead line

DC connetion

� Modurarized design
� Standard AC transformers
� Small indoor filters, always connected

� Valve hall
� Special DC transformers
� AC switchyard with filters

AC connetion

� Generated by convertor
� Continuous control

� External filters
� Switched regulation

Reactive power

� Transistor valve  (IGBT), self commutation� Thyristor valve, grid commutationConvertor

HVDC-Light ®, 50 - 550 MWHVDC-Classic, 300- 3000 MW

550 MW, 50m x 120m, Height 11 m600 MW, 100m x 200m, Height 22 m
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HVDC Light ® applications
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HVDC Light ® : Underground power links

� System with converters and cables 
� Easier permit procedure

� Low project risk

� Short installation and implementation time

� Low operation and maintenance cost

� Grid improvement
� Voltage and reactive power control

� Loss reduction in connected a.c. network 

� Increased  transfer capability in parallel a.c. lines

� Not limited by connection in weak network points

� Passive Load Operation ( Black Start )

� Environmentally adapted
� Short permitting time

� Small footprint and low profile of converters

� Oil free cable

� Reduced magnetic fields

� “Invisible” transmission
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 -
HVDC Light ® : Powering islands

� System with converters and cables 
� Easier permit procedure in coastal areas

� Low project risk

� Short installation and implementation time

� Low operation and maintenance cost

� Grid improvement
� Voltage and reactive power control

� Loss reduction in connected a.c. network 

� Not limited by connection in weak network points

� Passive Load Operation ( Black Start )

� Environmentally adapted
� Short permitting time

� Small footprint and low profile of converters

� Oil free cable

� Reduced magnetic fields

� “Invisible” transmission
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 -
HVDC Light ® : Connecting wind farms

� System with converters and cables 
� Easier permit procedure in coastal areas

� Low project risk

� Short installation and implementation time

� Low operation and maintenance cost

� Grid improvement
� Voltage and reactive power control

� Loss reduction in connected a.c. network 

� Not limited by connection in weak network points

� Passive Load Operation ( Black Start )

� Environmentally adapted
� Short permitting time

� Small footprint and low profile of converters

� Oil free cable

� Reduced magnetic fields

� “Invisible” transmission
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 -
HVDC Light ® : Offshore platforms

� System with converters and cables 
� Easier permit procedure in coastal areas

� Low project risk

� Short installation and implementation time

� Low operation and maintenance cost

� Grid improvement
� Voltage and reactive power control

� Loss reduction in connected a.c. network 

� Not limited by connection in weak network points

� Passive Load Operation ( Black Start )

� Environmentally adapted
� Short permitting time

� Small footprint and low profile of converters

� Oil free cable

� Reduced magnetic fields

� “Invisible” transmission
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525 MW

250 MW

135 MW

750 A 1500 A1000 A500 ADC Voltage

1100 MW720 MW370 MW+/- 300 kV

290 MW190 MW90 MW+/- 80 kV

550 MW360 MW180 MW+-150 kV

HVDC Light ® extended range

Available 2000

Available 2004

Available 2006 - 2007
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Technical development HVDC Light ®

1997
Hellsjön
+/- 10 kV

2001
up to 330 MW
up to +/- 150 kV

2006 - 2007
up to 1100 MW
up to+/- 300 kV

1999
7 MW - 50 MW 
+/- 80 kV

2004
up to 550 MW
up to +/- 150 kV

3 3 3
50 60

220

330350

550550

700

1100

0

200

400

600

800

1000

1200

1997 1999 2000 2002 2004 2006

Power MW
Voltage kV
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Underground Cable Systems – HVDC Light

� References
� 1600 km installed HVDC Light cables 

since 1998
� Murraylink, the world´s longest (180 km) 

land cable
� Features

� Lightweight extruded cable 
� Prefabricated joint technology

� Economic
� No distance limitation
� Full utilization – no reactive power
� Two cables v three cables for AC
� Light, flexible and simpler design
� Timely permitting
� No induced circulating currents
� Easier transport and installation
� Share ROW without increasing exposure

Land

Sea
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HVDC Light Land & Sea Cables 50 – 1100 MW

� Conductor of aluminium or 
copper

� Triple extruded insulation 
system
- conductor screen
- HVDC polymer insulation
- insulation screen

� Copper wire screen and/or

� Lead sheath

� Steel wire armour or Aluminium 
laminate

� Outer jacket of PE or 
polyethylene yarn
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HVDC Light Cable Development

1997
Hellsjön
Prototype cable
95 mm 2  Al 
+/- 10 kV, 3 MW

2000
Directlink, 390 km
630 mm 2 Al  
+/- 80 kV, 60 MW

2001
Murraylink, 360 km
1400 mm 2 Al 
+/- 150 kV, 220 MW

2006 - 2007
2000 mm2 Al 
+/- 300 kV, 700 MW2004

Estlink, 200 km
2000 mm 2 Al 
+/- 150 kV, 350 MW
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Estlink
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Estlink, Nordic Energy Link AS

Customer’s need
� Improved security of the electricity 

supply in the Baltic States

� Reduced dependence of the Baltic 
power systems on Russia and an 
alternative electricity purchase channel 
to cover potential deficits in generating 
capacity. 

ABB’s response

� Turnkey 350 MW ±150 kV HVDC Light®
cable transmission system

Customer’s benefits
� Improvement of the voltage stability of 

the Estonian grid

� Access to the Nordpool power market

� Short implementation time
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Version 1-byggnaden

Preliminär,
1 mars 2006
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Espoo-stationen 2006-03-07 09:55
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Espoo-stationen 2006-04-13 11:10
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First land cable section in Finland March 2006
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 -
First land cable section in Finland March 2006
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All enclosures
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 -
Principal layout of one phase

• Two enclosures
• 17 IGBT Stacks
• 18 IGBT:s in each stack



©
 A

B
B

 P
ow

er
 T

ec
hn

ol
og

ie
s

P
ow

er
 S

ys
te

m
s 

D
C

 -
33

 -
One enclosures
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 -
Stack

18 positions in one stack
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IGBT Position

An IGBT position is built up with three main module s:

1. IGBT 
2. Gate-Unit (GU)
3. Voltage Divider (VD) 

2
1

3

2
1

3

Collector

Emitter

10�

10k �

20k �

C 

S1

+

-

I [ mA ]

(Vce >230V => I= 45mA)

Collector

Emitter

10�

10k �

20k �

C 

S1

+

-

I [ mA ]

(Vce >230V => I= 45mA)

Collector

Emitter

10�

10k �

20k �

C 

S1

+

-

I [ mA ]

(Vce >230V => I= 45mA)

Collector

Emitter

10�

10k �

20k �

C 

S1

+

-

I [ mA ]

(Vce >300V => I= 25mA)
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 -

Reference Projects
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Customer’s need
� The 200 MW HVDC Light 

transmission system benefits both 
South Australia and Victoria by 
enabling electricity trading in 
Australia’s deregulating power 
market.

ABB’s response
� Turnkey 200 MW ±150 kV HVDC 

Light transmission system with the 
world’s longest (180km) 
underground cable.

Customer’s benefits
� Murraylink can deliver power from 

South Australia, Victoria, NSW and 
the Snowy River generation in 
either South Australia or Victoria. 

Murraylink, TransÉnergie, Australia
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Murraylink cable installation

� Right of way < 4 m

� 400 field joints, no joint 
failures!

� Murraylink
received 3 
different case 
Earth awards
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Cross Sound Cable, TransÉnergie, USA

Customer’s need

� Enable power exchange between 
Connecticut and Long Island, USA.

� Improve security of power supply in 
this area

ABB’s response
� Turnkey 330 MW ±150 kV HVDC 

Light® transmission system including 
40 km subsea cable, delivered in 21 
months

Customer’s benefits
� The Cross Sound link improves the 

reliability of power supply in the 
Connecticut and New England 
power grids, while providing urgently 
needed electricity to Long Island.
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Troll A Precompression project, Statoil

Customer’s need
� Enable power supply from mainland 

to platform to minimise emission of 
large amounts of CO2 and 
unnecessarily high fuel 
consumption. 

ABB’s response
� Turnkey 2x40 MW ±60 kV HVDC 

Light® offshore transmission system

Customer’s benefits
� With electric power supplied from 

shore, for power supply as well as 
compressor drivers, CO2 emissions 
from offshore installations are 
eliminated.
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Customer needs
� Two long distant energy links between the 

Three Gorges power plant to the major 
load centers in Guangdong and Shanghai

� “Power from West to East” and “West to 
South”

ABB’s response
� Two turnkey 3000 MW HVDC 

transmission systems

� Most powerful converters in the world: 
1500 MW per pole

Customer benefits
� Reliable economic link with low losses
� Construction time cut from 42 to 32 

months for 3000 MW

Three Gorges – Changzhou and Shanghai, China

890 km
Longquan

Zhengping Highest converter power rating
Shortest construction time

975 km

Jingzhou

Huizhou
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Monopole With Ground/Sea Return

Star

winding

Delta

winding

Primary

winding

+

_

• Requires electrodes

• Low losses
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Italy-Greece HVDC Link

Customer’s need
� Sub sea cable transmission to connect 

producers in Turkey and Albania to EU 
reinforcing the Mediterranean. First priority 
project in the EU Commisions TEN 
programme 

ABB’s response

� A 500 MW HVDC system with 163 km sub-
sea and 44 km land cables from Pirelli.

Customer’s benefits
� Reduced grid operation costs, improved 

emergency power response, increased 
flexibility and reliability through sharing of 
production resources in Greece and Italy . 
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Monopole With Metallic Return

Star

winding

Delta

winding

Primary

winding

+

• No electrodes required
• Higher losses
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Main Data:
� P = 600 MW
� Ud = 450 kV (max)
� Id = 1333 A
� 250 km submarine cable

SwePol Link, Sweden-Poland
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Monopole With Midpoint Grounded

Star

winding

Delta

winding

Primary

winding

+

_
� No electrodes required

� High voltage-low current–low losses 
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NorNed HVDC Cable, Norway - Holland

Customer’s need
� Worlds longest sub sea cable transmission  

to allow optimal utilization of production 
resources in two markets

ABB’s response
� Turnkey 700 MW system with innovative ± 

450 kV converter system. Cable length 580 
km.

Customer’s benefits
� Short delivery time and high performance
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Bipole

Star

winding

Delta

winding

Primary

winding

+

_

Star

winding

Delta

winding

Primary

winding

• For capacity > 800 MW
• More equipment = More expensive
• Two independent blocks


