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Agenda

 Principles of HVDC operation

 HVDC converter types

 HVDC configurations for different applications 

 Features and benefits

 Project examples

 Outlook on Market Trends & Innovative Solutions
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Basics & Applications
HVDC Applications
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Benefits & Advantages 
Advantages of HVDC Interconnection

 Lower costs for specific transmission tasks, particularly for long transmission 
distances

 Reduction in transmission losses for long distances

 Narrow right-of-way for OHL

 Transmission of scheduled power independent of AC system conditions

 No increase in short-circuit power

 Fast control of power flow

 Sharing of spinning reserve

 Supply of peak power

HVDC provides the following Advantages
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Benefits & Advantages 
Technical Advantages of HVDC Controllability

 Exact control of power flow in either direction

 Enhancement of AC system stability

 Reactive power control / support of AC voltage

 Frequency control

 Overload capability

 Emergency power functions

 Power oscillation damping

HVDC is a firewall against cascading disturbances

HVDC Controllability is beneficial for
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Basics of HVDC
Comparison HVDC Classic – HVDC PLUS

VSC - HVDC PLUS

Voltage Sourced Converter
(Self-commutated)

Semiconductor Switches with
turn-on/ turn-off capability, 
e.g. IGBTs

 Provides fast voltage control & stabilizes ac grids
 System recovery ancillary services (SRAS)
 Suitable for multi-terminal (and dc grids)

LCC - HVDC Classic

Line Commutated Converter
(Current-sourced)

Thyristors with turn-on capability

 Bulk power transmission
 Most economic and efficient HVDC solution
 Requires minimum ac system strength & space

AC Grid 1

~
=

AC Grid 2DC
=

~

 Direct light-triggered 
thyristor (LTT)

 Up to 10,000 MW 

 MI/PPL cable up to 600 kV

 OHL up to 800 kV

 XPLE cable up to 500 kV DC

 Half bridge up to 2 kA

 Full bridge up to 2 kA



© Siemens AG 2017

September 2017Page 7 EM TS LTS S-HVDC

East-South Interconnector II, India, 2003/2008 Upgrade
Bipolar long-distance transmission with ground electrode for ground return

Customer Power Grid Corporation of India Ltd.

Project Name East-South Interconnector II

Location Talcher - Kolar

Power Rating 2000 MW (2008: Upgraded to 2500 MW)

Type of Plant Long-distance transmission,
1450 km

Voltage Levels ± 500 kV DC
400 kV AC, 50 Hz

Semiconductors Electrical-triggered thyristors, 8 kV

Terminal A Terminal B

Pole 1

Pole 2

Bipolar
High voltage

High voltage

 Series connected converters with 
grounded neutral

 High operating voltage for low losses

 Cost effective solution with ground return 
path for contingencies
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Yunnan-Guangdong, China, 2009
World’s first UHV DC Transmission Project with 800 kV in commercial operation

Customer China Southern Power Grid

Project Name Yunnan-Guangdong

Location Chuxiong City / Yunnan- Zengcheng City / Guangdong

Power Rating 5000 MW, bipolar with series valve groups 

Type of Plant Long-distance transmission, 
1418 km

Voltage Levels ± 800 kV DC
525 kV AC, 50 Hz

Semiconductors LTT 8 kV
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Principle of HVDC
Configurations for UHV DC Schemes

Single converter per pole Two serial converters per pole Two parallel converters per pole

• Lowest invest & space demand

• 50% power lost in case of 
converter outage

• difficult for transportation

• Higher flexibility for operation

• 25% power lost in case of 
converter outage

• Highest cost & space demand

• 25% power lost in case of 
converter outage

• lowest losses also in case of 
converter outage
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Western HVDC Link, United Kingdom, 2017 
World’s first submarine interconnector with 600 kV DC voltage

Customer NGET/SPT Upgrades Ltd.

Project Name Western HVDC Link

Location Hunterston – Deeside, UK

Power Rating 2200 MW, bipolar

Type of Plant Submarine cable transmission,
420 km 

Voltage Levels ± 600 kV DC
400 kV AC, 50 Hz

Semiconductors LTT 8 kV

 Economic solution for very long cable 
transmission (subsea)

 Transient interruption of complete power 
in case of converter outages

 Permanent power interruption in case of 
cable faults
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Wind Power from Offshore
Reference examples – let us leverage our experience for your success

(Effective: June 2017)
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Basics of HVDC PLUS
Modular Multilevel Converter

 Compact Design
 Modular Design
 Lower Space Requirements
 Advanced VSC Technology
 Maintenance friendly
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Basics of HVDC PLUS
Modular Multilevel Converter - Converter Hall: Example
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Basics of HVDC PLUS
Station Design

Converter 
Reactors

Converter

DC 
Switchyard

Converter AC Yard with Star 
Point Reactors, Insertion 
Resistors and Bypass Switches

Transformer

AC 
Switchyard
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Empowering your success with DC solutions

VSC SylWin 1
• Type: HVDC
• Capacity: 864 MW
• Location: 70km west of Sylt
• Voltage Level: 155kV AC & +/- 320kV DC
• Grid connected: 2015
• Owner/operator: TenneT

Symmetrical Monopole

DC Cable

Terminal A Terminal B

Pair of DC XLPE Cables
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HVDC PLUS off-shore
Inside view of platform
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INELFE, France-Spain, 2015
World’s first HVDC Project in VSC Technology with 2 x 1,000 MW transmission capacity

Customer INELFE (Rte und REE)

Project Name INELFE

Location Baixas, France to Santa Llogaia, Spain

Power Rating 2 x 1000 MW

Type of Plant HVDC PLUS in half-bridge topology,
Underground cable, 65 km

Voltage Levels ± 320 kV DC
400 kV AC, 50 Hz

Semiconductors IGBT
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HVDC PLUS – Siemens as global market leader
for Modular Multilevel Converter (MMC) HVDC

2019
BorWin3

2010 
Trans Bay Cable

2015
INELFE

2019
Nemo

2021
ULTRANET

2015
SylWin1, BorWin2,
HelWin1, HelWin2

2019
Cobra Cable

2020
ALEGrO

2020
ElecLink

2023
DolWin6

2020
PK2000
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Market Trends & Innovative Solutions
Multi-terminal

Based on Szenario B-2025 
Revision: NEP 2015, 2nd draft, Feb. 2016
www.netzentwicklungsplan.de

DC links with highest availability
 Korridor A:

includes overhead lines requiring fast DC fault 
clearing and recovery.
First phase ULTRANET with full-bridge
converter already awarded to Siemens

 Ready for extension to multi-terminal configuration

— Multi-terminal links requiring selective DC fault 
clearing (including fast DC switches)

Korridor A
2 GW

Korridor A
2 GW

Korridor C
2 x 2 GW

Korridor D
2 GW

Germany‘s Vision towards a Backbone with DC Power Highways to the South
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ULTRANET, Germany, 2021
World’s first HVDC PLUS with full-bridge converter, Hybrid Overhead Lines

Customer Amprion / TransnetBW

Project Name ULTRANET

Location Osterath – Philippsburg, Germany

Power Rating 2000 MW, bipolar

Type of Plant HVDC PLUS in full-bridge topology,
340 km

Voltage Levels ± 380 kV DC
400 kV AC, 50 Hz

Semiconductors IGBT

Bipole

OHL / Cable

Terminal A Terminal B
OHL / Cable

Metallic Return

Overhead Line Configurations

Hybrid Tower

AC DC

DC Tower
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Market Trends & Innovative Solutions
320 kV DC Compact Switchgear (DC CS)

Technical Data
Udc nominal voltage ±320 kV 

Umcov
maximum continuous operation voltage ±336 kV 

Rated lightning impulse withstand voltage 
(1,2 / 50 µs)

- to earth
- across the insulating distance   

at the power frequency voltage

1175 kV

1175+336 kV

Rated switching impulse withstand voltage 
(250 / 2500 µs)

- to earth
- across the insulating distance   

at the power frequency voltage

950 kV

950+336 kV

Rated nominal current 4000 A

Rated short-time withstand current 50 kA (1 s)

Ambient temperature range -30 to +50 ºC

Technical Data
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Market Trends & Innovative Solutions
DC Compact Switchgear (DC CS)

DC CS - A new Dimension in Compactness 

 space-saving design

 reduction of DC switchyard in converter 
stations up to 95 %

 suitable for onshore and offshore 
application

 safe encapsulation

 reliable operation even under extreme 
environmental conditions

 high degree of gas-tightness

 high availability and reliability

 low life cycle and maintenance costs


