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How Existing work fits in:

2020-21 Innovation-delivering tools and solutions
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How Existing work fits in:
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What is Co-ordinated offshore?
Whats our role in it?



What are the concepts?
Increasing use of HVDC in new ways.
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Co-ordinated offshore:
Why is this a new way of doing things?
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Integrated Offshore Design Development

Commissioned by the HVDC Centre

2021
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Demonstration of offshore network designs in RTDS

DCCB for GB offshore designs 
Implemented and 
demonstrated in RTDS

2020 2022

Dynamic Performance 
of Integrated Networks

Informing Implementation of Integrated Offshore

Deliver technical 
recommendations to 
Offshore Transmission 
Network Review; BEIS, ESO 
and Ofgem. 

Modelling Tools for 
connected wind farms
(SSEN, Transgrid Solutions)

Inform:
o Enduring regime
o Grid Code mods.
o Design authority
o Compliance process
o DCCB functional 

specification

Grid Code modification panel (GC0141) – inputs into the compliance & modelling processes for complex offshore connections.

CIGRE Working Group (B4.81)  - review & improve interactions between HVDC & nearby power electronic 
devices on electricity networks.

Stability Assessment of Wind Farms & 
HVDC (Phase2)
(HVDC Centre and University of Strathclyde)

COMPOSITE
(HVDC Centre, RTE, ESO)

Informing Offshore Grid Code Developments

Addressing practical interoperability challenges of projects in delivery. 

Partnering across Europe to innovate new tools, processes, and standards to implementation

Offshore Co-ordination project this year

Defining multi-vendor, multi terminal grid forming HVDC 
solution requirements & demonstration
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1) HVDC Supply Chain Overview 
(Coordinated Offshore)

A technical report that describes 

the various components, and other 

technology, that will be required to 

deliver a coordinated approach to 

offshore connections to meet 2050 

net zero targets; and a review of 

the associated supply chain.
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Supply Chain: Scale

To give an idea of the scale of the investment, the following table 
summarises the volumes and costs associated with the key 
technology components. 

Components 2030 2050
Onshore Converter 16-45 Units 36-67 Units

Offshore Convertor 16-45 Units 36-67 Units

Subsea HVDC Cable 2261 - 5236 km 5450 - 7385 km

HVDC switching station 2 8

DCCB 8 16

Total CAPEX ~ £ 14 billion £ 23.4 - 26.8 billion

Table based on: Offshore Coordination Project | National Grid ESO
(Note that the values are the co-ordinated approach and the range is based on 
a 2025 vs 2030 start date)

https://www.nationalgrideso.com/future-energy/projects/offshore-coordination-project
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Supply Chain: Key Challenges

Based on our high-level review of the HVDC supply chain, though supplier/project 
engagement and literature review; we identified three Key Supply Chain Challenges (and 
suggested recommendations):

Challenge Recommendation

1

The current ‘point-to-point’ connection of 
offshore wind farms (OWFs) is not sustainable. 
A coordinated approach OWFs connections is 
required to reduce the strain on the supply chain.

Support the ESO (and the Central Design Group) in the 
development of a Coordinated Approach to OWF 
connections. 

Action: ESO & HVDC Centre.

2
Converter Interoperability, and composite 
testing.

GB needs to develop an approach to increase pace and 
scale of converter interoperability and composite system 
testing. 

(see R&D paper for further supporting actions)

Action: ESO & HVDC Centre.

3
There are potential ‘bottlenecks’ for both 
converters and cables (and the associated cable 
laying vessels) supply.

Industry engagement is required to understand potential 
solutions (and opportunities to develop production 
capabilities is GB).

Action: BEIS to instigate industry engagement discussions.
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Supply Chain: Key Opportunities

Opportunity Recommendation

1
Develop GB production capabilities. Promote investment in manufacturing capabilities and 

development of the supporting infrastructure in GB.

Action: BEIS to consider.

2

Seek to advance the transition of related skills 
within the Oil and Gas industry towards HVDC 
connected offshore windfarms.

Engage with the UK Oil & Gas industry to develop a plan 
for transition of skills and capabilities.

Action: BEIS to consider.

3

Exploit areas of existing GB expertise 
(including: interoperability, Wide Area Control 
and supervisory control, system monitoring 
and Asset Management).

Develop a strategy to leverage and grow GB capabilities 
in key areas.

Action: BEIS, Ofgem, ESO, TOs and the HVDC Centre to 
work together to develop a strategy.

We also identified three Key Supply Chain Opportunities (along with suggested 
recommendations):
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2) HVDC R&D Strategy 
(Coordinated Offshore)

An HVDC R&D strategy to enable 

the delivery of a coordinated 

approach to offshore connections 
to meet 2050 net zero targets.
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R&D Strategy: 5 Themes
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R&D Strategy: Overall activities & Milestones

• Maintaining
• Building
• Resourcing
• Consenting

• Training
• Focussing
• Optimising

• World-leading
• Export-able
• Optimising

• World-leading
• Export-able
• Optimising
• Added Value

• Max. Consent 
& network 
benefit
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R&D Strategy: Priority Actions

Required Innovation

1.1
Demonstrate HVDC Circuit Breakers in Europe.

Implementation to start within 2 years.

1.2
Develop capability for high-power plastic-insulated 
HVDC cables

3.6GW Bipole capacity plastic cable by early 2030s.

1.4

Develop battery storage integrated with HVDC, 
including hybrid asset solutions.

Trial demonstration of HVDC controls augmenting the 
grid forming capability of a battery device within 2 
years.

2.1

Design and test new control functions for grid 
integration of complex HVDC. 

Within 2 years, establish new sandbox environments to 
support new control design, multi-vendor design & 
delivery further inform the allocation of technical roles 
and responsibilities. 

2.2

Develop reconfigurable HVDC replica controls. 

Within 2 years, establish a project to develop 
reconfigurable replicas (with vendors) to support the 
testing of multi-terminal and multi-vendor 
interoperability.

Required Innovation

2.4

Enable delivery of dispersed Bipole HVDC offshore addressing 
other sea user interactions.

Within 2 years, establish clear requirements supporting design of 
co-ordinated offshore solutions.

3.1

Develop control and protection approaches for lower fault level 
networks. 

Within 5 years, trial and standardise new AC protection 
approaches to accommodate the dominance of HVDC solutions 
on the onshore system, and protections deployed offshore. 

3.2

Expand GB strengths in wide area control and manufacturing of 
complex HVDC applications. 

Within the next 2 years, leverage action 2.1 above to grow and 
inform GB-Wide Area Control expertise, supporting onshore and 
offshore control needs of new HVDC solutions.

4.2

Improve HVDC R&D capability in UK Universities & focussed 
doctoral centres. 

Within 2 years, identify a framework to support capability 
development on: system planning, design and operation, 
technology development and wide area and supervisory control. 

5.1-

5.4

Grow domestic capability via knowledge transfer from Oil and 
Gas industry

Engage with Oil and Gas sector to develop a plan to transfer skills 
to offshore HVDC system installation.  
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The GB Strategic Innovation Fund
Driving R&D in GB transmission.

• INCENTIVE- teaming short term energy reserves+ 
with HVDC to deliver Inertia and network stability

• Network-DC; delivering the Front-End Engineering and 
CBA de-risking for DC Circuit Breaker implementation



R&D in Europe
>450GW of offshore networks by 2050..

• HVDC resilience, Interoperability, Multi- terminal, 
Multi- vendor are all themes.

• GB a partner across programmes up to €55m in scale

• National HVDC Centre active in supporting the setting 
of the research direction in Europe
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In Summary..
• The Future of HVDC is coming at us at scale and pace

◦ We need to get ready for that now.

• The tools, processes and technologies are available and ready.

◦ We need to progress their implementation, and drive more flexible delivery

• R&D is key to the transition

◦ But it needs to be focused on supporting the doing, not “future casting”. 

• The future- achieving the multi-vendor inter-operable  DC grids of the future.

◦ Interoperability is key

• SHE Transmission and the National HVDC Centre are spearheading several areas of innovation, to 
ensure we meet the ambition of the Net Zero Transition.

◦ supporting EU and GB research across HVDC technology,  interoperability & resilience and new ways of simulating and 
testing.

• We can all make this happen- but have much to do… 
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