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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.

Topic

• 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. 



• We are here!

A road map to DC systems.



• 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.



• How we did this.

Multi-terminal Multi-vendor VSC HVDC demonstration.



• How we did this.

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

Multi-terminal Multi-vendor VSC HVDC demonstration.



• How we got here.

Multi-terminal Multi-vendor VSC HVDC demonstration.



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 and contracting to support next steps



Growth of DC systems.

• Enabling DCCBs- related considerations.

• Protection IED capabilities

• Fault limiters

• Damping support



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.



Practical DC interfacing- offshore.

• Lots of new devices.

• Lots of new considerations-

− Load security/ 
intermittency

− Energisation/ impulse load 
management.

− Legacy 
specification/interfacing 
(INTOG).



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



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



Practical DC network interfacing- onshore.

• Resource connection vs 
transmission 

• Energy buffers? GFM
Resource 
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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?



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.



Complimenting resilience, optimising AC & DC system

• HVDC wise.

• Learning as we go.



Conclusions.

• Economic, environmental and 
supply chain pressures all drive the 
DC network direction.

• 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.



Thanks- any questions?
@HVDCCentre.com
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