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• Multi vendor Interoperability in VSC-

HVDC systems.

• What we’ve done.

• Demonstration and making it practical to 

deliver

• How we’ve done this.

• Growth of DC systems.

• What might they look like

• How to get to a vendor agnostic DCCB 

specification. 

• Associated devices to enable DCCB.

Topics

• Practical DC system interfacing- offshore

• INTOG, Hydrogen- anything else to come?

• Load rejection management- practically.

• Co-ordinated and staged allocations of offshore grid 

forming and damping controls.

• Practical DC system interfacing- onshore

• HVDC as a network vs a resource connection interface.

• Grid forming support from multi-terminal systems.

• Black start and other support.

• HVDC systems complementing resilience 

• HVAC & HVDC system cross-optimisation. 
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The Role of HVDC in Achieving Net Zero

Beyond 2030 National Blueprint Additional 21 
GW offshore wind.

Holistic Network Design - Pathway to 2030
50GW connected offshore wind by 2030.

CP 
2030

We need a 
roadmap 
to get to 
here, and 
beyond
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• We are here!

A road map to get to the DC systems we need.
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LCC-HVDC interoperability

IFA 2000 project- We’ve been here before

• 1980s- Bi-pole LCC-type HVDC link- ABB convertor in UK, 

Alsthom convertor in France 

• Both vendor C&P cubicles Tested together via CHiL, along with 

master control within ABB facility in Stafford UK at time- 

separated access to individual vendors to only view individual 

plant performance. 

• Overall performance verified ahead of commissioning in 1986.

• LCC- HVDC range of functions and performance (and control 

time constants naturally more limited) than todays’ VSC-HVDC, 

but that does not mean there is a problem with the test 

process!

• Rather, key challenge is identifying right tests- and right areas 

of specification to ensure acceptable Multi-vendor 

complexity- “trial and error” has not to date worked.
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Caithness- Moray Shetland

Europes first multi-terminal VSC-HVDC project

• Designed 3-terminal with (in principle)capability to include potential for 2 
further terminals from any potential vendor.
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Interoperability in China

Why That’s different….

In each case- one point of direction in Control & Protection, delivery subcontracted to vendors 
to a common plan; at every stage one vendor takes responsibility for their and others work. 
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Multi-vendor control today VSC-HVDC

• More options
= more vender approaches to 
achieve them, 
= complementing unique vendor 
devices & topologies 
• Risk of more complexity and 

more ambiguity from 
“overspecification”  interface 
ambiguity and access to 
functions subject to multiple 
levels of optimisation

• Important to define the 
network functional and 
operational needs first- in a 
way that generates clear 
specification which is 
“vendor-agnostic” 
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Multi-vendor simulations in GB for EU Promotion project
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Centre work on Functional Designs for HVDC (2022-2023)

We see this project as a critical component of enabling 
GB delivery:

o Providing a flexible ‘test-bed’ for TOs/ESO/Developers/ 
Manufactures to test their coordinated designs.

o Component, control and protection elements of DC 
systems

o Includes patent filed approaches to control 

This enables:

o TOs; to test the technical performance of offshore 
network designs on onshore networks; 

o ESO; to assess potential interaction risks and ancillary 
service capability of integrated solutions. 

o Developers; to investigate technical feasibility and 
operability of shared transmission solutions; and 

o Manufacturers; to verify performance of confidential 
‘black-box’ models within offshore network designs 
comprising equipment from another supplier.
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Project Aquila

•Net Zero targets for GB by 2030
• up to 50GW of Offshore wind, by 2030 at 
least 40GW 

– Scotwind leasing- 25GW in Scottish waters 
alone.

– Drives multiple co-located high capacity HVDC 
projects, reinforcing network and connecting 
Net Zero resources.

•Drivers for Multi-terminal & Multi-vendor.
•Environmental, cost and network efficiency 
benefits in avoiding excessive converters, and 
managing power flow in multi-terminal. 

– Scale of simultaneous projects.
– Staged development of multi-terminal

•Delivery under Business as Usual with 
Government commitments.
•Pathfinder approval- assures Government and 
regulatory support in removing blockers across 
policy, frameworks, codes to enable project 
delivery.
•Funded within the context of known available 
regulatory instruments, providing certainty.

E

G

L

3

Netherton Hub
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• What we have done.

• More to come!

• More Vendors

• More projects (offshore hubs & onshore 

hubs- GB and continental Europe & beyond)

Multi-terminal Multi-vendor VSC HVDC demonstration.
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• How we did this.

Multi-terminal Multi-vendor VSC HVDC demonstration.
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• How we did this.

• Future work (Network DC et al) on a similar basis

Multi-terminal Multi-vendor VSC HVDC demonstration.
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• How we got here.

Multi-terminal Multi-vendor VSC HVDC demonstration.
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Growth of DC systems.

• The future is now!

• Networks needing Multi-vendor & DCCB at scale
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Growth of DC systems- DCCB.

• The progress of Network-DC; vendor agnostic 
DCCB specification & integration as a network 
grows.

• Philosophy and testing process confirmed

• OEMs identified; contracting supports next steps
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Growth of DC systems.

• Enabling DCCBs- related considerations.

• Protection IED capabilities

• Fault limiters

• Damping support
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DC networks Components and specifications

• InterOpera provides additional clarity on DC component functions and 
specification areas.

• Standardised terminologies and implementation concepts

• Aquila and Network provide foundations for control and performance 
specification respecting IP. It all fits together.
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Practical DC interfacing- offshore.

• Lots of new devices.

• Lots of new 
considerations-

– Load security/ 
intermittency

– Energisation/ impulse 
load management.

– Legacy 
specification/interfacin
g (INTOG).
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Practical DC interfacing- offshore.

• Load rejection
– WTG want slow ramping- e.g. 

0.25p.u./ s
– but can go faster with crowbar 

action (AC fault or intertrip)
– Intertrips risk uncertainty 

across large arrays.
– But this is not a reason for AC 

chopper specification- would 
WTG really want that? 

– Offshore AC Hf/ HV crowbar 
operation specification?

  
 

AC

Grid - 1

AC

Grid - 2

Onshore Converter 

Station –   (DCV)
Onshore Converter 

Station –   (APC)

DC Cable -1 (30 km) DC Cable -2 (30 km) DC Cable -3 (60 km)

DC Cable -4 (60 km)

DC Cable -5 (60 km)
DC Switching 

Station

Offshore

Windfarm - 1 Offshore

Windfarm –  Offshore Converter 

Station –   (GFM)

Offshore Converter 

Station –   (GFM)

DC Cable -6 (60 km)
Offshore 

Windfarm - 3
Offshore Converter 

Station –   (GFM)

Onshore Converter 

Station –   (DCV)

DC Cable -7 (60 km)
AC

Grid - 3

AC Fault 1 AC Fault 2

AC Fault 3

AC Fault 4

AC Fault 5
AC Fault 6

DC Fault 1

DC Fault 2

DC Fault 3

DC Fault 4
DC Fault 5

DCV = DC Voltage Control

APC = Active Power Control

GFM = Grid Forming Control

DCCB1.1DCCB2.1
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Practical DC network interfacing- offshore.

• Grid forming- 
across HVDC 
interfaces to 
common AC 
offshore islands

• Harmonic and 
inter-harmonic 
damping and 
allocations of 
roles.

• Code and 
standards issues- 
clarity needed
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Practical DC network interfacing- onshore.

• Resource connection vs 
transmission 

• Energy buffers?
GFM

Resource 
& inertia 

ok

Inertia support Inertia support

Resource & 
inertia 

insufficient

GFL DC 
Voltage

AC 
frequency

Interarea mode

Resource & 
inertia 

insufficient?

Resource & 
inertia 

insufficient?

Resource & 
inertia 

insufficient?

DC 
Voltage

?
DC 

Voltage
?AC 

frequency
?

AC 
frequency

?
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Practical DC network interfacing- onshore.

• The INCENTIVE project

• The storage don’t need to be that big!

• What else could (some of  these..) Energy buffers be 
used for?
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Black start, fault recovery, POD?

• One re-start asset can reconnect many 
offshore and onshore resources via the 
MTHVDC network.

• Many buffers can insulate HVDC 
network from a widespread AC system 
voltage depression.

• Energy buffer can be used for POD and 
other damping functions to avoid 
MTHVDC disturbance

• Just beginning to explore these 
applications.
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Complimenting resilience, optimising AC & DC system

• HVDC wise.

• Learning as we go.
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.
• Economic, environmental and supply 

chain pressures all drive the DC 
network direction- consolidation and 
standardisation.

• Its happening/ happened! Staged and 
multi-vendor demonstration.

• Close now to DCCB demonstration 
too. We have a plan.

• Its about delivery. Yes, incremental & 
measured- but ultimately doing it- 
time to press the button.

The Future networks of Northern Europe- its not just GB.



Page: 28

Conclusions

• We have started a long 
journey. 

• We have already made 
substantial progress

• There is a plan

• There is more to come

• There has never been a 
more interesting time to be 
an Electrical Engineer.

• Engage with the tasks 
ahead, and they will 
continue to  be addressed
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Follow us on Twitter @HVDC_Centre_GB

Follow our Linkedin page The National HVDC Centre for 
regular updates.

Thanks for listening.

Any questions, please?

❑ For further information, please visit www.hvdccentre.com ;  OR email: info@hvdccentre.com

❑ https://www.hvdccentre.com/technical-films/

mailto:info@hvdccentre.com
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The National HVDC Centre is part of Scottish & Southern Electricity Networks. Scottish and Southern Electricity Networks is a trading name of Scottish Hydro Electric Transmission plc, Registered in 

Scotland No. SC213461, having its Registered Office at Inveralmond House, 200 Dunkeld Road, Perth, PH1 3AQ; and is a member of the SSE Group www.ssen.co.uk

Overview of the HVDC Centre

part of together with

Image result for sp energy networks

and

The National HVDC Centre is Great Britain’s simulation and training facility for 
HVDC; supporting the integration and successful operation of all HVDC schemes 
connecting to the GB Network (including Offshore Wind connections). 

The Centre is also the National hub for HVDC knowledge exchange, expertise and 
innovation.

http://www.ssen.co.uk/
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