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

Thanks for listening.

Any questions, please?

For further information, please visit www.hvdccentre.comor email info@hvdccentre.com

www.hvdccentre.com/technical-films/
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UK Energy Priorities
Clean Energy Superpower Mission

Clean Power 
by 2030

Increasing the deployment of 
renewables, investing in 

CCUS and hydrogen, 
removing barriers in the 

planning process, grid and 
supply chains.

Increasing the deployment of 
renewables, investing in 

CCUS and hydrogen, 
removing barriers in the 

planning process, grid and 
supply chains.

Accelerating 
to Net Zero

Net zero is a s
ignificant economic 

opportunity and our domestic 
performance is cruc                    

e.

Net zero is a significant 
economic opportunity and our 

domestic performance 
is crucial for re-establishing 

UK global leadership on 
climate.

Government support for research, development & innovation

R&D for evidence R&D for delivery
R&D for 

innovation

to support the Clean Energy Superpower Mission significantly increases the likelihood of delivering 
and sustaining the Clean Power by 2030 target and accelerating to net zero.

Clean Power 2030 
Action Plan

Industrial Strategy

CESM Areas of 
Research Interest

Clean Tech 
Challenges

Policy





Not Government Policy

Clean power requires electricity generation shifts

2024 2030

14.2 GW 27-29 GWOnshore wind

14.8 GW 43-50 GWOffshore wind

16.6 GW 45-47 GWSolar

Beyond 2030, electrification of demand is key 
for decarbonisation, requiring further 
investment in generation and network capacity.



Not Government Policy

HVDC techs have a key role especially in:

Offshore wind International 
interconnection

Domestic GB 
networks



https://assets.publishing.service.gov.uk/media/69c10bbccfa346b9d4704a09/next-steps-for-electricity-interconnection.pdf












Not Government Policy

Great British Energy Supply Chain Fund

To construct new, or extend existing, manufacturing facilities in the UK









Thank you!



Offshore electrical infrastructure 
security and resilience: 
The need for cross -industry 
collaboration

22 June 2026















https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/cable-burial-risk-assessment-cbra-guidance
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Major HVDC Projects Underway (continued)

Dolwin Epsilon commissioning Champlain - Hudson (CHPE) project early commissioning

Construction of 10GW 800KV route Tibet- Hong Kong; 
VSC or Hybrid converter (TBD)

Marinus (Australia) link FID complete, moves to build
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Major HVDC Projects Underway (continued)

Sun Xia- commissioned with onshore wind

Terna- projects in delivery

Caribbean HVDC project initiated 
(any takers?) 
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HVDC Policy developments

MoU for Irish- Spain interconnection

EU TYNP vision for further HVDC developments

Hamburg agreement- HVDC grid cooperation 
for 100GW of North Sea offshore wind

Bornholm island HVDC- 
delivery agreement as EU 
project of common interest.

North Sea interconnections 2040
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HVDC Policy developments (continued)

SOO green onshore 2GW VSC-
HVDC bootstrap approvals

ASEAN Powergrid MoU, supporting 
HVDC interconnection development

Hitachi & KEPCO MoU; one of a number of 
arrangements being developed in South Korea

China HVDC connected Offshore 
wind plans.

Remaining TERNA HVDC projects
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Consolidation, new entrants, upscaling (continued)

5 German TSO MoU on HVDC 
cable maintenance

RHODES project to deliver optimised 
offshore floating platforms for HVDC

RXHK manufacturing of valves on 8GW 
onshore VSC converter project in China

New Hyosung HVDC transformer 
factory breaks ground

Hyosung collaboration with South Korean academia to 
advance a 2GW HVDC capability for west coast project
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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


Review of Evolving VSC HVDC 
Control Developments

Presenter: Prof M Barnes
10th/11th June 2026

A. Korompili, M. Barnes, R. Preece, A. Pashei, J. Fradley, R. Tumilty, 
C. Brozio, X. Wang, J. Hunte, X. Ding, M. Sadabadi, J. Milanovic



Outlook

�‡ Introduction: VSC HVDC Systems to Date

�‡ GFM Capabilities for VSC HVDC Systems

�‡ GFM Control Models for VSC HVDC Systems

�‡ Control Interactions in VSC HVDC Systems

�‡ Grid Codes

�‡ Conclusions of Highlighted Gaps



Introduction: VSC HVDC Systems to Date
HVDC Systems Technologies

�‡ Increasing integration of HVDC systems
�‡ Integration of remote RES
�‡ Interconnection of asynchronous AC power systems

�‡ Point-to-point HVDC links in monopolar layout
�‡ Bipolar system layout and multi-terminal networks present advantages

�‡ Fewer applications and limited research
�‡ VSC starting to dominate over LCC (certainly in UK)
�‡ Modular multi-level converter (MMC)

Symmetrical monopolar HVDC point-to-point link



Introduction: VSC HVDC Systems to Date
VSC Models 
�‡ VSC control hierarchy
�‡ CIGRE: Categorisation of modelling fidelity according to studied phenomena
�‡ Cascaded control structure

MMC control hierarchy

VSC cascaded control structure



Introduction: VSC HVDC Systems to Date
VSC in HVDC Link 
�‡ Control strategy of VSCs at two ends of HVDC link

�‡ Q or Vac control at both converters
�‡ P or f control at one converter, Vdc control at other converter to keep power balance

�‡ Grid-following (GFL) converter: power control and PLL to track voltage
�‡ Grid-forming (GFM) converter: to form AC voltage magnitude, phase and frequency

�‡ Synchronous GFM (SGFM) converter: GFM converter operating in parallel with other 
frequency regulating equipment

�‡ Constrained GFM (CGFM) �t both end in GFM, with rules if any capability exceeded
�‡ GFM capabilities still evolving

VSC control strategy in HVDC link for wind farm connection



Introduction: VSC HVDC Systems to Date
Stability Classification
�‡ �d�Á�}���v���Á���•�š�����]�o�]�š�Ç�����o���•�•���•���~�/�������•�W���^�Z���•�}�v���v�������^�š�����]�o�]�š�Ç�_�����v�����^���}�v�À���Œ�š���Œ-���Œ�]�À���v���^�š�����]�o�]�š�Ç�_
�‡ CIGRE stability classification

�‡ �^�^�µ��-/Super-�^�Ç�v���Z�Œ�}�v�}�µ�•���^�š�����]�o�]�š�Ç�_�����v�����^�,���Œ�u�}�v�]�����^�š�����]�o�]�š�Ç�_
�‡ �������•�š�����]�o�]�š�Ç�����o���•�•���•�W���^����-�^�]�������s�}�o�š���P�����^�š�����]�o�]�š�Ç�_�����v�����^����-�^�]�������d�Œ���v�•�]���v�š���^�š�����]�o�]�š�Ç�_

CIGRE stability classification



GFM Capabilities for VSC HVDC Systems
Control Objectives of GFM Capabilities
�‡ Main control objective: control AC voltage, ensuring synchronisation with grid
�‡ Additional control objectives
�‡ Different control objectives required by different TSOs
�‡ Contradictory GFM capabilities

�‡ Inertial response vs. speed of active power response

GFM Capabilities �t Additional Control Objectives

Frequency stability support Operation in weak grids

Voltage stability support System restoration and black start

Damping of small-signal 
stability phenomena

Seamless transition 
GFM/GFL control

Fault-Ride-Through (FRT)
Seamless transition 
isolated/grid-connected mode



GFM Capabilities for VSC HVDC Systems
GFM Capabilities and Device Limits
�‡ Device limits should be considered

�‡ Limits of inherent energy of MMC
�‡ Sufficient for transient stability support
     and power oscillation damping
�‡ Insufficient for frequency stability support

�‡ Needed energy balancing in MMC
�‡ Interactions with requirement for fault current injection

�‡ Current limits
�‡ Prioritisation between positive
     and negative sequence currents

�‡ Needed oversizing or additional components should be considered
�‡ Requirement for additional storage or source for black start

MMC inherent energy



GFM Capabilities for VSC HVDC Systems
GFM Converter in HVDC Link
�‡ GFM converter at one end, GFL converter at other end

�‡ GFM capability dependent on GFL capability
�‡ (C)GFM converters at both ends for supporting weak AC grids

�‡ Limited/Constrained GFM capability
�‡ Coordinated control between GFM converters
�‡ GFM as virtual condenser 
     or virtual current source
�‡ DC voltage-dependent GFM 
     and frequency-controlling GFL

�‡ No clear, universal GFM definition yet
GFM emulating virtual synchronous condenser 

and virtual current source



GFM Control Models for VSC HVDC Systems
Research Gaps in GFM Control Models
�‡ Limited work on rigid bipolar HVDC systems (i.e. no neutral return)

�‡ Challenges on energy/power balancing due to absence of metallic return path

�‡ Limited work on multi-terminal HVDC networks
�‡ Combination of GFM control and power flow in DC network

�‡ Limited work on black start and system energisation/restoration

�‡ Application of advanced control methods to inner voltage and current control loops
�‡ Limited work on applications in GFM control loops



Control Interactions in VSC HVDC Systems
Oscillations in VSC HVDC Systems
�‡ Oscillations in sub-synchronous and high-frequency range
�‡ Cause of high-frequency oscillations: matching between converter and line impedances
�‡ Key cause of oscillations: time delay in control loops
�‡ Damping control (filtering) for oscillations mitigation

Conventional modelling for analysis of oscillations
Emerging modelling 

requirements

Model Core assumptions Limitations

Single-machine 
infinite bus

Ignoring inter-machine 
dynamic interactions and 
network structure impacts

Overlooks different components 
in AC networks

Multi-machine detailed 
modelling

Single-frequency 
analysis

Focusing on dominant modal 
frequency

Fails to capture multi-modal 
characteristics

Multi-frequency co-
analysis

Full-parameter 
white-box 
modelling

Based on fully-known 
physical models 

Overlooks confidential converter 
models in multi-vendor systems

Grey- or black-box 
modelling



Control Interactions in VSC HVDC Systems
Research Gaps in Control Interactions
�‡ Limited work on control interactions between converters in proximity in bipolar systems

�‡ Limited work on interactions of control loops for GFM capabilities 

�‡ Limited work on interactions in multi-terminal multi-vendor HVDC systems 
�‡ Interoperability issues

�‡ Limited work on inclusion of time delay in control loops modelling

(note this is non-exhaustive)



GFM capabilities System operators and regulatory bodies

AEMO ACER Fingrid German TSOs HECO NGESO NERC

Maintain synchronisation x x x

Provide frequency 
regulation

x x x x x x x

Provide voltage regulation x x x x x x x

Provide damping x x x x x

Coordinate protection x x x x

Maintain power quality x x x x

Support black start x x x x

Support islanded operation x x x x

Grid Codes
�‡ Needed services in systems with high penetration of inverter-based resources (IBRs)

�‡ Desired IBR technologies at concept level
�‡ Different definition of GFM capabilities at different grid codes

�‡ Need for harmonisation
�‡ Need for GFM requirements 
     specifically in HVDC systems 

�‡ Avoid contradictory 
     GFM requirements
�‡ Interoperability 
     requirements



Conclusions of Highlighted Gaps 
�‡ VSC control and GFM control in HVDC systems: gradually evolving research areas
�‡ Further work needed:

�‡ Clarification on GFM capabilities and harmonisation of grid codes

�‡ Bipolar systems and multi-terminal multi-vendor networks

�‡ Interactions analysis of control loops for GFM capabilities and considering time delays

�‡ Advanced control methods for GFM control loops

�‡ Black start and system restoration �t for highly inverter dominated systems
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Thank You!
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Visitor WiFi

1. Open NetZero Sponsored Guest from the Wi-Fi 
options.

2. Insert your own details, including email, and set the 
required duration then select continue. 

3. Enter the email address of your host as the sponsor 
when asked, e.g.

4. Once approved by the sponsor you can connect. You 
will auto connect next time you visit until the set 
duration period is exceeded.

colin.foote@sse.com
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In the 
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Session 2 starts 2:15pm
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