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Presentation Notes
This picture shows all existing and planned HVDC links in Europe today. Different colours show different voltage levels. These lines can not be connected together to realize the benefits of an interconnected grid. What technology do we need, what regulatory and economical frameworks are necessary and what aspects need to be coordinated or standardised to enable interconnected offshore HVDC grids to evolve organically?


Progress on Meshed Offshore HVDC Transmission Networks

Enabling the North Sea power house
~r

* Develop cost effective & reliable control & protection

» Achieve interoperability through coordination & standardisation
« Recommendations for EU regulatory & financial framework

* Deployment plan for implementation up to 2050

 Full scale technology demonstrations
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Presenter
Presentation Notes
According to WindEurope scenarios, anywhere between 49 to 99 GW of offshore wind power generation will be realised by 2030 from some 9 GW today, up to 200 GW in 2050. 
Traditionally, offshore wind farm export links and interconnectors have been realized as point-to-point connections. 
But as we become increasingly dependent on wind power generation and interconnection capacity with other countries, meshed offshore grid topologies are being considered to enable efficient, economical and reliable transmission offshore. 
Due to the high power levels and long distances involved, high voltage direct current technology, or HVDC, is likely to be employed, requiring converter stations both on- and offshore
To ensure stable, efficient and reliable operation, a control & protection system must carefully control these converter stations, and continuously monitor the grid to detect faults and take mitigating actions.
Novel components such as HVDC circuit breakers and compact HVDC gas insulated switchgear required to built cost-effective reconfigurable offshore nodes, must be developed and tested.
Last but not least, all this infrastructure must be built over an area divided up by 6 or 7 national borders with different regulations and legal classifications, complicating the formulation of a clear business case.
PROMOTioN aims to address these technical, regulatory, legal, economical and financial challenges. 
To asses if it will work, we are carrying out detailed modelling of key technologies’ hardware and control systems for techno-economic comparisons and to assess interoperability.
To check if it is allowed, we are developing recommendations for a harmonised EU regulatory and financial framework based on an analysis of the national regulations, renewable, support schemes and legal backgrounds.
To explain how to realize a meshed offshore HVDC grid, we are formulating all required actions in a deployment plan, illustrated by a roadmap based on an optimal scenario
Finally, to show that the technology is ready, we will carry out full scale demonstrations of all key required technologies
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Two parallel paths to a Deployment plan:

Offshore Wind
Generation Scenarios

Topologies Technological Choice Cost Benefit Analysis

Economic Analysis Financing & Leaal &
(CBA methods & Potential legal Re 8I ator Governmental Market Structures
CBCA Proposals) structures 9 y
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Presenter
Presentation Notes
Realizing 200 GW offshore wind occupies all available space, if P2X is used, even more space is required for overplanting

Optimizing for offshore wind export and interconnection results in predominantly radial grid topologies
Assume 525 kV bipole with DMR with 1 GW cables

Several radial topologies are likely to develop incrementally and separately, sometimes coinciding geographically

Assume technical compatibility (voltage class, control, protection…)

No major differences in required investment between national cooperation models

Meshed connections can occur under specific circumstances
Scenarios with high onshore solar integration
Onshore AC grid reinforcements (e.g. UK bootstrap projects, COBRA)
Cable power capacity ratings exceeding loss of infeed restrictions

Further research needed to determine if DC hubs have cost advantage over AC hubs when combining wind export and interconnection
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HVDC Grid Protection
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Presenter
Presentation Notes
(Predominantly) radial systems are relatively easy to control
Offshore wind farms can deliver ancillary services (Frequency support, black-start, POD) to onshore AC grids coordinated through HVDC connection
Diode rectifier converter can be integrated in (meshed) DC grid
Applicability and performance of control strategies verified and demonstrated

Central grid controller will be needed for converter ‘dispatch’
Governance needs to be resolved

CHiL validation of black-box converter models is essential for realistic multi-vendor grid integration studies whilst respecting manufacturer IP
Harmonic input admittance measurement method demonstrated

System and converter control and protection are strongly linked to choice of fault clearing strategy

Make link to grid codes  many choices which affect system control design


Many fault clearing strategies provide techno-economically viable solutions to protect DC grids

Choice of fault clearing strategy depends on impact on connected AC grids.
Relaxing loss of infeed limit on temporary interruption can lead to substantial cost savings
Technical performance demonstrated in unit and system tests
Academic and commercial production prototypes

HVDC grids with different fault clearing strategies can be coupled with grid splitting DC circuit breakers
i.e. grids can develop separately using different protection technologies and coupled at later date
interoperability between different fault clearing strategies & technologies is possible
National HVDC centre has used CMS replicas with IEDs from PROMOTioN and IED from MEU to demonstrate interoperability

Cost of protection not prohibitive
More than in AC, but small in respect of total grid investment volume
	Slower breakers  lower cost of breakers, but high cost of managing AC system

HVDC circuit breakers ready for pilot project
DC short-circuit current interruption test method developed and agreed
DC short-circuit current interruption performance of full-scale commercial production prototypes demonstrated
DC circuit breakers models developed and cross-checked
Development to EHV ratings
Failure modes and effects
RMS, EMT, RTDS, costs, volume & weight
Further opportunities in possible performance improvement (operation, cost, weight, volume) studied

HVDC gas insulated systems can be considered mature
Long term thermo-dielectric test program developed and agreed
Commercial SF6-based full-scale production prototype demonstrated
Monitoring & condition assessment tool development promising and underway
Characterisation and validation of performance for alternative gases underway
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Coordinate for compatibility

Regulatory compatibility

North Sea Treaty
Project & operational compatibility TYNDP

Topological compatibility MOUs

(National) Master
plannings

Functional (grid code) compatibility Grid codes

- Power ratings
- Terminal locations

Rated operating voltages

Converter configuration

- Routes ibili .

Project timing & System earthing Operational configurations Contractual Compatlblllty Best praCtlse

dependencies Insulation coordination Control strategies Vendor

Regulatory approval Short-circuit withstand Fault ride through Terminology & definitions  RTaii=Ide)sl=l = o114 Standards
Spare bay and space Chopper ratings & control | Completeness of

Governance of dispatch

requirements

Fault clearing strategies Mechanical interface

Coordination of Warrantees

integration and Energlzatlon sequences ‘ - Dimensions
commissioning Re-configuration sequences | - OPerational performance | .o
De-energization sequences |~ Project delivery - Materials

Exchange of information
- Models
- Interface definitons

- Thermal aspects

Communication interface
- Signals

Conflict resolution - Syntax

- Sampling rate

Dynamic performance
- Harmonic stability
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Pilot projects: Steps towards international multi-vendor DC Grids

................

AV oV n,

Standard p2p Radial MT Radial MT Radial MT Radial MT Radial MT .
Half-bridge Half-bridge Full-bridge MMC HaIf-Prldge MMC HaIf-'brldge MMC HaIf-brldge MMC Multi-vendor
MMC MMC single- single-vendor Multi-vendor Multi-vendor Transnational MT
single- vendor e.g. ULTRA-net Onshore DCCB Trans-national MT Offshore DCCBs
vendar e.g. Caithness- e.g. DC connection of: || Offshore DCCB e.g. CleanStream, North Sea Wind

Moray & FAB  SWL-HPB e.g. WindConnector Power Hub

link » NordLink-StdLink
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Conclusions

 Technology ready for multi-terminal HVDC grid development

* Further standardisation work needed on multi-vendor HVDC grid integration

» Functional compatibility
* Procurement & contractual compatibility

» Multi-vendor interoperability

* International collaboration & coordination key to establish:
* Regulatory & legal compatibility
* Project & planning compatibility

» Topological compatibility

» Full-scale pilot project best to demonstrate feasibility and realize benefits
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Presenter
Presentation Notes
HVDC grid & hub topology & infrastructure
Interoperability of controls and protection
Offshore wind farm advanced capabilities – enhancement and system integration
Integrated AC/DC system studies – Generator to consumer
Development of tools for representation of large HVDC systems and integrated system studies
Analysis of interaction between AC and DC systems for different time frames and contingencies
Development of control concepts for integrated system operation




Join our final ONLINE PROMOTioN conference
North Sea Grid for the European Green Deal

How fo unfock Europe’s Offshore Wind potential - a deployment plan for a meshed HVDC grid

Pre-conference Breakout Sessions

August 24" - September 181" 2020

Final Event

September 215t 2020

Registration opens by the end of June 2020
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