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first HVDC interconnector

David Monkhouse, National Grid Ventures
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National Grid Ventures Interconnector Portfolio

6 projects

Total capacity = 7.8GW

Suppliers: GE, Hitachi, Siemens

2 x Line Commutated Converter 
technology

4 x Voltage Source Converter 
technology



4National Grid Ventures 

�‡ NGIC & RTE (1986)

�‡ LCC, 2000 MW

�‡ 270 kV dc

�‡ 2 Bipoles 

�‡ 73km

�‡ 400kV AC connection

�‡ NG Share £391m 

(£1.5billion today)

160MW
+/-100 kV 
(1961-
1982)

2000MW
+/-270 kV 
(1986)

�‡IFA Can supply 4% of total UK annual demand

Why an interconnector to France?

�‡Diversity in availability of power plants

�‡Diversity in national demands

�‡Differences in generation mix FR-GB = high market spread

Sellindge IFA Substation

Les Mandarins IFA Substation

IFA2000
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IFA 1 (IFA2000) history

�‡ 1961 - IFA 160, the first Cross Channel Link transmitting 160MW at +/-
100kV dc.  

�‡ Symmetrical monopole design with the cable laid directly on the seabed.  
The GB converter station was situated at Lydd, close to Dungeness.  Due 
to frequent third party cable damage, multiple repairs and poor 
availability, the link was abandoned by 1981 when development of 
IFA2000 was underway. 

�‡ 1985/6 -  IFA 2000 �± the second Cross Channel Link is commissioned 
and enters service transmitting 2000MW at +/-270kV dc.  The convertor 
stations were provided by different contractors, GEC in the UK and CGEE 
Alsthom (under license from GE) in France.  The first multi-vendor 
project!
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IFA 1 (IFA2000) history

�‡ 2012/13 - Valve Replacement Project - this 
replaced the HVDC Control and Protection, 
thyristor valves and associated equipment at both 
ends and on both Bipoles with a common design.

�‡ 2016 �± 2 of the 4 submarine cable pairs off 
Folkestone damaged by a ship dragging its anchor. 

�‡ 2021 �± on the 15th September, Bipole 1 
is damaged by fire. 
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Converter transformer valve winding bushing failures

�‡ The first failure occurred one month after commissioning in 
October 1986 on T11A. 

�‡ The damage was extensive and the transformer was 
replaced by the spare transformer and the original 
replaced under warranty. 

�‡ There have been numerous failures while in service and 
many bushings having been removed from service due to 
defects found upon further inspection or bushing failures.

�‡ Failures were a result of poor stress shield design around 
the bushing/transformer interface.  

�‡ FEA undertaken in 2003 by Weidmann to design a new 
stress shield that could be retrofitted to the existing 
transformers
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Converter transformer valve winding bushing failures

�‡ All �³�$�´ transformers retrofitted with new stress shields from 2003 onwards.

�‡ Bushing slightly redesigned in 2011 (coincident with spare transformer purchase) to improve internal 
stress grading in view of increased test requirements

�‡ Although performance much improved, 3 bushing failures occurred, including 1 catastrophic failure

�‡ As of May 2026 outage, all original bushings have been replaced with a new type (HSP or GE).  
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Sellindge Static Compensators �± need case
During early design studies, it was recognised that a sudden load rejection or trip of IFA2000 would create high Temporary OverVoltages (TOV) on the 400kV system, especially during 400kV circuit outagesStudies indicated TOV's of 140% of 400kV worst case.

�‡ During early design studies, it 
was recognised that a sudden load 
rejection or trip of IFA2000 
would create high Temporary 
OverVoltages (TOV) on the 400kV 
system, especially during 
400kV circuit outages

�‡ Studies indicated TOV's of 140% of 
400kV worst case.

https://www.youtube.com/watch?v=H2hYUu8lPY0
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Sellindge Static Compensators �± need case

With a need for fast acting dynamic compensation established, various solutions were investigated:Synchronous Compensator (rotating machine)Thyristor based Compensator (emerging technology at the time)Saturated Reactor Compensator (established technology, but relatively uncommon and of smaller power ratings than required at Sellindge)Because a large but short term (seconds) inductive capability was required the inherent overload capability of the saturated reactor proved to be the best option.The disadvantage of a Saturated Reactor Compensator is the reactor is very noisy and has relatively high losses compared to the other options.The original design required that 2 Static Compensators were required to manage TOV at 6000MVA system short circuit level and 2000MW dc transmission.  �h�o�š�]�u���š���o�Ç�U���ï���Æ���^�š���š�]�������}�u�‰���v�•���š�}�Œ�•���Á���Œ�����‰�Œ�}�À�]���������P�]�À�]�v�P���ï���Æ���ñ�ì�9���Œ�����µ�v�����v���Ç���t���î�����Œ�����]�v�•�š���o�o���������š���^���o�o�]�v���P�������v�����í���]�•���]�v�•�š���o�o���������š�����E�]�v�(�]���o���X�����K�v�o�Ç���š�Z�����î�����š���^���o�o�]�v���P�������}�u�‰���v�•���š�}�Œ�•�����Œ�����}�Á�v���������Ç���E�'�s�U���š�Z�����E�]�v�(�]���o�������}�u�‰���v�•���š�}�Œ���]�•���}�Á�v���������Ç���E�'���d�X

�‡ With a need for fast acting dynamic compensation established, various solutions were investigated:

o Synchronous Compensator (rotating machine)

o Thyristor based Compensator (emerging technology at the time)

o Saturated Reactor Compensator (established technology, but relatively uncommon and of smaller power ratings 
than required at Sellindge)

�‡ Because a large but short term (seconds) inductive capability was required the inherent overload capability of the 
saturated reactor proved to be the best option.

�‡ The disadvantage of a Saturated Reactor Compensator is the reactor is very noisy and has relatively high losses 
compared to the other options.

�‡ The original design required that 2 Static Compensators were required to manage TOV at 6000MVA system short circuit 
level and 2000MW dc transmission.  

�‡ Ultimately, 3 x Static Compensators were provided giving 3 x 50% redundancy �± 2 are installed at Sellindge and 1 is 
installed at  Ninfield.  Only the 2 at Sellindge compensators are owned by NGV, the Ninfield Compensator is owned by 
NGET.

https://www.youtube.com/watch?v=H2hYUu8lPY0
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Sellindge Static Compensators �± need case
Saturated Reactor, harmonic compensated Treble Tripler, with mesh loading reactor.  Invented by Dr Erich Friedlander of GEC in the 1960's

�‡ Saturated Reactor, harmonic compensated Treble Tripler, with mesh loading reactor.  Invented by Dr Erich 
Friedlander of GEC in the 1960's

https://www.youtube.com/watch?v=H2hYUu8lPY0
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Sellindge Static Compensators �± need case



15National Grid Ventures 

Static Compensator Refurbishment

Why refurbish?
�‡ The system need is still there �± in fact the 400kV system is weaker than in 1986 following 

generator closures

�‡ Inherent overload (3.3pu for 0.5 seconds) �± power electronic based equivalents (e.g. 
STATCOM) do not have appreciable overload

�‡ Relatively simple compared to a modern device �± comprehensive protection, but the control 
system is essentially a tapchanger control.

�‡ Limited auxiliaries �± reactor oil cooling system, no converter water cooling, no HVAC

�‡ Small footprint �± would a +150/-500Mvar STATCOM fit in the same space?

�‡ But can you still purchase a saturated reactor?

15
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Static Compensator Refurbishment
�^���š�µ�Œ���š�������Z�������š�}�Œ���~�d�Œ�����o�����d�Œ�]�‰�o���Œ�•�U���ñ�ò�l�s�U���í�ñ�ó�X�ï�D�s���U���í�ð�ñ�ï���U���K�&���&�����}�}�o�]�v�P���t���ï���v���Á���Œ�������š�}�Œ�•���Z���À�����������v���‰�Œ�}���µ�Œ����

�‡ Saturated Reactor (Treble Tripler), 56kV, 157.3MVA, 1453A, OFAF cooling �± 3 new reactors have been procured

https://www.youtube.com/watch?v=H2hYUu8lPY0
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Static Compensator Refurbishment
�Z�������š�}�Œ�•�U�������‰�����]�š�}�Œ�•�����v�����Z���•�]�•�š�}�Œ�•���(�}�Œ�u�]�v�P���À���Œ�]�}�µ�•���•�Z�µ�v�š�����v�����•���Œ�]���•�������‰�����]�š�}�Œ�������v�l�•�����v�����(�]�o�š���Œ�������v�l�•���t���Œ�������š�}�Œ�•�����v�����Œ���•�]�•�š�}�Œ�•���Á�]�o�o���������Œ���‰�o���������^�Z�µ�v�š�������v�l�•�����Œ�����•�Á�]�š���Z���������Ç���ó�î�X�ñ�l�s�����o���•�•���^�&�ò�����]�Œ���µ�]�š�����Œ�����l���Œ�•���~�}�Œ�]�P�]�v���o�o�Ç���'�������&�'�í�•���t���Á�]�o�o���������Œ���‰�o��������

�‡ Reactors, Capacitors and Resistors forming various shunt and series capacitor banks and filter banks �± reactors and 
resistors will be replaced

�‡ Shunt banks are switched by 72.5kV class SF6 circuit breakers (originally GEC FG1) �± will be replaced

https://www.youtube.com/watch?v=H2hYUu8lPY0
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Static Compensator Refurbishment
���}�u�‰�Œ���Z���v�•�]�À�����‰�Œ�}�š�����š�]�}�v���‰�Œ�}�À�]�����������Ç�����o�����š�Œ�}�u�����Z���v�]�����o���Œ���o���Ç�•�������š�]�v�P���(�Œ�}�u���í�õ�ô�ñ���t�������‰�����]�š�}�Œ���‰�Œ�}�š�����š�]�}�v�•���š�}���������Œ���‰�o�����������µ�š�}�u���š�]�������}�v�š�Œ�}�o���~�š���‰���Z���v�P���Œ�����v�����•�Á�]�š���Z�����������v�l�����}�v�š�Œ�}�o�•���‰���Œ�(�}�Œ�u���������Ç�������•�‰�}�l�����'�������W�W���î�ì�ì�ì���u�]���Œ�}�‰�Œ�}�����•�•�}�Œ���•�Ç�•�š���u���t���������Œ���‰�o�������������Ç���u�}�����Œ�v���W�>��

�‡ Comprehensive protection provided by electromechanical relays dating from 1985 �± 
capacitor protections to be replaced

�‡ Automatic control (tapchanger and switched bank control) performed by bespoke GEC 
PPC2000 microprocessor system �± be replaced by modern PLC

https://www.youtube.com/watch?v=H2hYUu8lPY0


19National Grid Ventures 

Static Compensator Refurbishment
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THE GREENLINK INTERCONNECTOR

Diarmuid Murphy & Matt Gibson 
Greenlink Interconnector Ltd.

Lessons from Owners & Operators �t Living with 
Software: Obsolescence, Software Lifecycles & Patch 

Management
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AGENDA

�‡ Introduction

�‡ Asset Value �t How an interconnector Earns Revenue

�‡ SEM-GB Interconnection Context

�‡ �t�Z���š�[�•�����Z���v�P�������~�}�µ�Œ���µ�v�����Œ�•�š���v���]�v�P���•�]�v�������Á�����o���•�š���•�‰�}�l���•�W���,�s���������•�•���š�•�����P�����]�v���o���Ç���Œ�•

�‡ Obsolescence: From Future Risk to Live Issue

�‡ Why Patching Behaves Like Maintenance

�‡ Owner Experience �t What Surprised Us

�‡ Replicas / Sandboxes: De-Risking Change

�‡ What we are changing as an owner

�‡ Industry Alignment

�‡ Closing
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ASSET VALUE �t HOW AN INTERCONNECTOR 
EARNS REVENUE

Market Regimes 
�‡ Regulated (RAB Model) 
�‡ Merchant
�‡ Cap & Floor (Ofgem regime)
�‡ Hybrid regime possible

Congestion Rent
�‡ Price difference between the 
connected jurisdictions. 
�‡ Power flows from high to low price 
area
2�~�P���v���Œ���o�o�Ç�•
�‡ 60% to 75% of revenue can be 
attributed to Congestion Rent
�‡Daily total can range from low 
�v���P���š�]�À���•���š�}���E���¦�í�u���~�u���P�v�]�š�µ�������}�(��
losses/gains depends on installed 
capacity) 

Capacity Market 
�‡ Capacity markets help TSOs ensure there is 
enoughgenerational capacity to meet demand
�‡ Auctions take place every year at theT-4 and T-
1 time frames
�‡ 15% to 25% of revenue can be attributed to 
Capacity Markets depending on auction prices

Ancillary Services 
�‡ Ancillary Services differ between 
jurisdictions but generally include:
�‡ Operating Reserves  
�‡ Reactive Power Services
�‡ Restoration Services 
�‡ 10% to 20% of revenues can be 
attributed to Ancillary Services 
depending on market arrangements 
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SEM-GB INTERCONNECTION CONTEXT
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�t�,���d�[�^�����,���E�'�����W���,�s���������^�^���d�^���E�K�t�����'�����/�E��
LAYERS

HVDC ASSETS NOW AGE IN LAYERS

Layered Aging of HVDC Assets

HVDC assets consist of multiple layers aging at different rates, from long-life 
physical equipment to fast-evolving digital and cybersecurity systems.

Digital and Software Lifecycle Challenges

Control hardware and system software have shorter refresh cycles and evolve 
rapidly, requiring ongoing updates and support management.

Cybersecurity and Compliance Layer

Cybersecurity demands continuous patching and regulatory compliance, often 
forcing urgent system updates regardless of other layer status.

New Asset Management Mindset

Owners must integrate software lifecycle and cybersecurity management with 
traditional asset maintenance to ensure system availability.
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OBSOLESCENCE: FROM FUTURE RISK TO LIVE 
ISSUE

�K���^�K�>���^�����E�������B�����E�����K�&���>�/�&�����W��
NOW AN OPERATIONAL DRIVER

Shift observed:

Lifecycle decisions now impacting early-life operation

Hardware, software and licensing cycles misaligned with asset life

�t�Z���š�[�•�����Œ�]�À�]�v�P���]�š�W

Vendor end-of-support timelines

Cyber / NIS2-type compliance requirements

Hardware availability & market volatility

Operational impact:

Forced intervention windows

Increasing coupling with outages

Deferral often increases cost and risk

Primary Control 
system

Security / 
Compliance

Software 
system layer

Hardware / 
supply pressure

Intervention / 
action
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WHY PATCHING BEHAVES LIKE MAINTENANCE

IT can be patched

OT must be planned!

�/�d���‰���š���Z�]�v�P���B���K�d���l���,�s�������‰���š���Z�]�v�P

Control system updates require: 

outage windows

rollback certainty

pre-testing

Cyber fixes now compete with: 

market availability

operational margins
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OWNER EXPERIENCE �t WHAT SURPRISED US

Source : www.wccftech.com/memory-nand-prices-surged-90-percent-in-q1-2026/
  

We underestimated how fast IT infrastructure 
ages

�‡ Software risk emerges within first years of 
operation

�‡ Deferring change often: 

�‡ increases cost

�‡ compresses future outages

�‡ �D���Ç���Œ���•�µ�o�š���]�v�������Z�v���Á���Œ�[���µ�‰�P�Œ���������������}�u�]�v�P��
available

�‡ �^�D�]�v�}�Œ�_���µ�‰�����š���•�������v�������Œ�Œ�Ç���u���i�}�Œ���}�‰���Œ���š�]�}�v���o��
risk

�‡ Absence of testing environments increases risk

�‡ Significant price volatility in servers and 
memory

�‡ Supplier cycles now drive refresh timing



PAGE 8

REPLICAS / SANDBOXES: DE-RISKING CHANGE

Live System Replica

�‡ Risk of Change

�‡ Outage Exposure

�‡ Limited Rollback

�‡ Safe Validation

�‡ Test before deployment

�‡ Full rollback capability

Replicas and sandboxing

�‡ Increasing industry use of: 

�‡ software replicas

�‡ test environments

�‡ Enables: 

�‡ patch testing

�‡ upgrade rehearsal

�‡ training

Question is no longer � �̂��}���Á�����v���������}�v���M�_, but �^�Z�}�Á�����}���Á�����Œ���•�}�µ�Œ�������]�š�M�_
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WHAT WE ARE CHANGING AS AN OWNER

PLAN TEST EXECUTE

�‡ Lifecycle visibility
�‡ Obsolescence tracking

 Interpretation: We now understand the 
problem early

�‡ Replica / sandbox validation
�‡ Controlled environment

 �/�v�š���Œ�‰�Œ���š���š�]�}�v�W�����}�v�[�š���š���•�š���}�v���o�]�À�����•�Ç�•�š���u�•

�‡ Planned outage delivery
�‡ Verified recovery

 Interpretation: Intervention is controlled 
and repeatable

Controlled, repeatable intervention �v  not reactive change
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INDUSTRY ALIGNMENT

Common 
Approach

Operators

OEMs

Industry 
Forums

These challenges are not unique �v  they are 
industry-wide

�‡ Convergence across operators, OEMs and 
forums

�‡ Increasing alignment on lifecycle and software 
risk

�‡ Moving toward common approaches to 
intervention

The industry is moving in the same direction

�‡ �&�Œ�}�u���Œ�������š�]�À�����(�]�Æ���•���W���‰�o���v�v�������o�]�(�����Ç���o����
management

�‡ From vendor-�o�������W���}�Á�v���Œ-led decisions

�‡ �&�Œ�}�u���]�•�}�o���š�������o�����Œ�v�]�v�P���W���•�Z���Œ���������Æ�‰���Œ�]���v����

This is not a Greenlink problem �v  �]�š�[�•�����v���,�s�������Œ�����o�]�š�Ç
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CLOSING

Software now defines availability.
Availability defines value.

�^�}�(�š�Á���Œ�����W�����À���]�o�����]�o�]�š�Ç���W���s���o�µ��
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