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1 Drivers toward DC Grid
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Future scenarios – HVDC overlay and Offshore Transmission

ESIG-Design-Studies-for-US-Macrogrid-2022.pdf

Atlantic Offshore Transmission 

Atlantic Offshore Wind transmission (BOEM & DOE)

 Policy and climate goals

 Economic operation by integrating energy 
markets

 Enable efficient integration and diversification of 
sources

 Energy security, resiliency, and reliability

 Grid modernization

Presenter Notes
Presentation Notes
Policy and climate goals: Many states in the USA have set ambitious renewable energy and climate targets. HVDC overlay can play a crucial role in achieving these goals by facilitating the integration of renewable energy resources and reducing greenhouse gas emissions.Economic operation by integrating energy markets: HVDC overlay allows developers and market participants to take advantage of economies of scale on both the supply and demand sides, enabling the development of larger resources and access to cheaper supply sources.Enable efficient integration and diversification of sources: HVDC overlay can facilitate the integration of remote renewable energy sources, such as offshore wind farms and large-scale solar installations, into the existing power grid. HVDC technology enables efficient transmission of power over long distances, reducing energy losses and enabling access to abundant renewable resources. HVDC overlay allows for diversification of energy sources, as it enables power to be transmitted from various locations. This can lead to a more diverse energy mix and potentially reduce dependence on a single energy source.Energy security, resiliency, and reliability: HVDC overlay can improve the overall resilience and reliability of the power grid. By providing an additional transmission pathway, it can help in balancing the load, mitigating congestion, and enhancing the grid's ability to handle fluctuations in demand and supply.5. Grid modernization: The existing power grid in the USA is aging and requires significant upgrades to meet future demands. Thanks to the mega trends of transportation electrification, industrial electrification, and digitization, significant transmission capacity will be required in the future. Moreover, the grid needs to be transformed from passive grid to more active grid in the future to handle variability associated with the renewables and loads. HVDC overlay projects provide an opportunity to modernize the grid and implement advanced control and monitoring systems.�

https://www.esig.energy/wp-content/uploads/2022/02/ESIG-Design-Studies-for-US-Macrogrid-2022.pdf
https://www.naseo.org/Data/Sites/1/documents/tk-news/doe-gdo-aoswts-summary_20230510.pdf
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Future scenarios - Offshore wind expansion 

 Connections to different energy markets

 Enable efficient integration of renewables 

 Increased security of supply

 Allows higher utilization of infrastructure

 Strengthens European energy markets

 Enable efficient integration and exchange of 
renewables 

 Increased security of supply across Europe

 Allows higher utilization of infrastructure

Location of wind farms and transmission links only for illustration purposes

• Bring generated wind power from each 
country’s EEZ to its onshore grid

• National offshore grids may be connected to 
each other to provide trading capacity between 
the national onshore grids.

• Trading links may exist in parallel to these 
connections

• Several AC "central hubs" to which several 
OWFs are connected. 

• Power is transmitted to shore via DC 
connections connecting different countries.

• Provides trading capacity between countries. 

• Energy islands and small, platform-sized 
HVDC hubs outspread across the North Seas 
and connected to each other via DC and to 
nearest landing points independent of EEZ 

• Provides interconnection between countries 
during periods of low wind

Centralised Hubs (HUB)National Distributed Hubs (NAT)Meshed Offshore Grid (MOG)

Presenter Notes
Presentation Notes
Cross-border power exchange: HVDC interconnectors also enable cross-border power exchange between neighboring countries. This allows surplus offshore wind power from one country to be exported and utilized in another country, enhancing energy security and cooperation.Interconnection of offshore wind farms: HVDC allows for better integration of offshore wind power into the onshore grid. The variability of wind power generation can be managed more efficiently using HVDC's capabilities for power flow control and grid stabilization. HVDC interconnectors can facilitate the connection of multiple offshore wind farms and combine their power output before transmitting it to the onshore grid. This improves the overall efficiency and reduces infrastructure costs.The power flow control capability of HVDC allows higher capacity utilization of the existing infrastructure.
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2 Multi Purpose
Interconnection

What is needed
Where we are
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Multi-Purpose Interconnection - MPI

6

Can be built today with existing, proven technology

Typically, a regional DC Grid and defined as a system that constitutes of one 
protection zone for DC earth faults.
• Normally radial or star network configurations
• Limited power rating
• To temporarily and rarely lose the whole HVDC system has a limited 

impact on the overall power system.
• Different optimization functions – Control & Protection (Master Control) for 

multi-terminal operation and grid control

 Connects two energy markets 
 Integrates (renewable) power sources along the corridor
 And/or electrifies load along the corridor
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Multi-Purpose Interconnections

MPI – A steppingstone towards a meshed DC Grid ?

7

• TSO Dispatch Center (TDC) determines operation
• DC Grid Master Control (DCGMC) communicates with DC Switching 

Station, all converter stations and with TDC
• DCGMC coordinate power orders, control settings, and sequences for 

the converter stations and at the DC Switching Station 
• DCGMC determines actual configuration, limitations and actual power 

flows and manages DC switching station re-configurations

VSC

2000 MW ±525 kV
Bipole

66 kV

VSC

Onshore station C

±2000 MW ±525 kV
Bipole

VSC

2000 MW ±525 kV
Bipole

66 kV

VSC

Onshore station B

±1400 MW ±525 kV
Bipole

VSC

Onshore station A

±1800 MW ±525 kV
Bipole

Switching station

Frequency control Frequency control

DC voltage control

Q control

DC voltage control

Q control

Active power control

AC voltage control

DC Grid 
Master 

Controller

AC voltage control AC voltage control

TSO Dispatch Center

Presenter Notes
Presentation Notes
Independent DC grid master controller is essential for coordinating power flowDC grid and converter station parameters, such as DC line status, switch status, line currents, bus voltages, VSC station operational limits, VSC station measurement, are measured and communicated to master controller. The master controller takes these inputs and executes power flow control in case of normal operation or rule based operation policy in case of the contingency. The master controller defines control modes, setpoints, parameters, operation sequence. AC/DC grid control acts as an interface between the AC grid TSOs and DC grid. It optimize power flow according to market pricing and operational margins and calculates converter schedule every 10-15 mins.DC grid master control: It monitors real time operation of the DC network and modifies converter setpoints if necessary to ensure stable DC grid operation. Also implement start-up, shutdown, recovery schedule. Also responsible for contingency analysis and DC grid fault post processing.Adaptive control functions: It coordinates converter control and protection in case of local contingencies. Also responsible for autonomous operation in case of the loss of communication.
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Hitachi Energy contributionWhat is needed?

MPI Master Controller Realization of KriegersFlak CGS

Enable Multiterminal concept

Define C&P strategies

DC Switchgear station

Caithness-Morey-Shetland & 
other multiterminal links

New business cases definition Support RES dev.s, O&G, TSO

Interoperability for expansion

Share through WG/publications

Market regulation or financing

DC Protection solution DC Protection w/ AC Switch

Paving the way
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World’s first offshore wind farm connection & interconnector between two countries

Combined Grid Solutions – Kriegers Flak

9

Year
2019

Customer
Energinet.dk SOV, (Denmark) and 50Hertz Transmission Gmb (Germany)

Our response

Customer needs
• Interconnecting asynchronous grids
• Connection of offshore wind energy
• Energy trade

Customer benefits
• Enabling energy trade between Germany and Denmark
• Integrating renewable power from four offshore wind farms into the grid
• Advanced control of the Combined Grid Solution

HVDC Light® converter station Back-to-back 140 kV station

• 410 MW 140 kV HVDC Light® back-to-back station

NOTE: On demand Hitachi Energy webinar available – Combined Grid Solutions – for internal and external use 

Presenter Notes
Presentation Notes
This subsystem that includes offshore wind farms and interconnection of asynchronous grids is complex to operate. The MPI master controller considers the wind forecast to estimate expected power generation from the wind farms and calculate the optimal power flow (OPF) to the Danish and German power system during normal operation. distributes the setpoints in the system, depending on market situation, capacity limitations and without violating grid resilience and stability. It then evaluates the physical response of the CGS and recalculates the optimal setpoints. The master controller also supports the dispatch centers regarding what to do in different modes of operations, and works with various configurations and modes of operations.
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Caithness-Moray-Shetland HVDC Link - Phase 2 – Under construction

The first regional DC Grid in Europe

10

Our response
• First multi-terminal HVDC interconnection in Europe, with option of two more terminals
• 600 MW ±320 kV

Customer
Scottish and Southern Electricity Networks (SSEN) Transmission

Customer needs
To link Shetland to the UK transmission system 

Customer benefits
• Multi-terminal HVDC interconnection provides flexibility to transfer power in multiple directions,

based on supply and demand, with minimal power losses
• Boost renewable energy and enhance security of power supply
• Help to connect and transmit wind power generated on the islands to the UK
• Contribute to bringing all greenhouse gas emissions to net zero by 2050

Year
2024

HVDC Light® 

converter stations

• Symmetric monopole ±320 kVdc
• Blackhillock: 1,200 MW
• Spittal: 800 MW
• Kergord: 600 MW

DC Switching station 
at multi-terminal 
connection point

DC Switching station

Presenter Notes
Presentation Notes
The next phase of this pioneering project is currently under construction together with our partner SSE.The Shetland Island extension will add the 3rd terminal to the existing Caithness Moray systemThis connection will allow flexible transfer of energy in both directions, both to and from Shetland and the mainland grid.Not only will it allow for the increase in renewable energy from Shetland , but also increases the security of supply.
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3 Meshed DC Grids     
What is needed
Where we are
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Paving the way

Strengthens energy markets

Meshed DC Grids

12

Enable efficient integration and exchange of 
renewable energy in line with environmental goals

Increased security of supply across the Region

Allows higher utilization of infrastructure
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Meshed DC Grids

13

Te
ch

no
lo

gy
C

om
m

er
ci

al
 

an
d 

re
gu

la
tio

n

Hitachi Energy contributionWhat is needed?

MPI Master Controller Realization of KriegersFlak CGS

Enable Multiterminal concept

Define C&P strategies

DC Switchgear station

DC Protection solution

Caithness-Morey-Shetland & 
other multiterminal links

New business cases definition Support RES dev.s, O&G, TSO

Interoperability for expansion

Share through WG/publications

DC Breaker development

Technical interoperability

DC GridCode / Ownership
Active in trade associations

Support industrial consultationsNew Procurement Process

Paving the way

Presenter Notes
Presentation Notes
In order to make meshed DC grid feasible and cost effective, a few key technologies and technical interoperability is required. Some of the technologies, such as DC circuit breakers, Control and protection are under development. Whereas, there still few open research questions that need to be solved to optimize HVDC grid operation.
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Half Bridge PEBB + HVDC Breaker combination  Enable fully selective fault clearing strategy and AC voltage support 
during fault

Enabling DC Grid – HVDC Breaker

14

• Enabler for Meshed HVDC grids
• In case of a fault, ensures that only affected part of the grid is 

disconnected
• Increasing availability and reliability of the system
• Conventional breakers are not suitable for DC grids
• To enable different protection zones in the DC grid

• … through fast response, high reliability, low losses

Presenter Notes
Presentation Notes
Protection of DC grids is seen as one of the major challenges that must be resolved before the full integration of large scale DC and AC grids can be realized. The appropriate detection and clearing of DC side faults is essential to safely and reliably operate meshed DC grids. Fault current interruption is much more complex as the prospective fault current rapidly reaches high values and it exhibits no natural periodical zero-crossing. Clearing of DC faults in DC grids may furthermore interact with the established methods for control of the AC grids as well as the stability of the AC grid.
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DC grid technology development

1. Technical Readiness Levels – scale from 1 to 9 where 9 corresponds to “Actual system proven in operational environment“15

VSC Multi-terminal
Ability to manage different DC lines from 1 

station
• TRL1 level 8, Hitachi Energy demonstrated 

the technology
• Multi-terminal ready and multi-terminal 

prepared 
• Project examples: NordBalt and Shetland

DC meshed grid C&P
Ability to supervise power flows across a DC 

meshed grid
• TRL1 level 6, Hitachi Energy active at 

CIGRE WG
• Technology development of control and 

protections algorithm done
• Simulation part of DC grid program

DC breaker
Ability to isolate fault current on DC mesh
• TRL1 level 7, Hitachi Energy demonstrated 

the technology
• Demonstration in 2020: 350 kV, 20 kA 

power range
• Demonstration as part of EU-funded 

PROMOTioN project

Caithness-Moray Shetlands grid

1200 MW
±394 MVAr

Future plans
2 x 800 MW 

600 MW
±197 MVAr

800 MW
±263 MVAr

Zhangbei DC grid project Kriegers Flak CGS

Presenter Notes
Presentation Notes
Following on from the future facing innovation done together with SSE in the Caithness Moray Shetland HVDC system, we have continued to support several multi-terminal and hybrid HVDC projects, continuing the journey to the future stable and sustainable gridOver the last decade we have invested in many new enabling technologies for the future HVDC grid that will be developed over the next decade.Most significantly we have constructed the world’s first HVDC circuit breaker, solving the 100-year-old puzzle, dating back to the early years of electrification and the battle of the currents, AC vs DC..!
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Meshed DC Grids
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Hitachi Energy contributionWhat is needed?

MPI Master Controller Realization of KriegersFlak CGS

Enable Multiterminal concept

Define C&P strategies

DC Switchgear station

DC Protection solution

Caithness-Morey-Shetland & 
other multiterminal links

New business cases definition Support RES dev.s, O&G, TSO

Interoperability for expansion

Share through WG/publications

DC Breaker development

Technical interoperability

DC GridCode / Ownership

Support industrial consultationsNew Procurement Process

Active in trade associations

Paving the way
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4 Focus on
Interoperability for
Multi-vendor setup

What is really the matter
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HVDC Interoperability – DC grid evolution

18

Point-to-Point 
(P2P) connection

Standalone 
“black-box” dual 

converters

Single vendor

System design 
after EPC award

Examples

offshore onshore

Vendor A Vendor A

Tender EPC
Inc. systems design Operation

Meshed grid 
connection

Collection of 
“open-box” 

single converters

Multi-vendors

System design 
before EPC 

award

Examples

offshore onshore

Vendor A Vendor B

FEED
Inc. system and DC 
grid control update

EPC Operation

Ijmuiden Ver

Possible NL-
UK single line 
multi-terminal

North Sea 
offshore

meshed 
DC grid

Dogger 
Bank

P2P 
Developer 
connection

Dolwin5

P2P TSO 
connection

n+1 added

Current situation Upcoming situation – Multivendor setup

Presenter Notes
Presentation Notes
HVDC (High-Voltage Direct Current) interoperability refers to the ability of different HVDC systems from various manufacturers to work together seamlessly and efficiently. As HVDC technology is used for long-distance power transmission and interconnecting different power systems, it is essential that HVDC systems from different vendors can be integrated into the same grid or be interconnected with each other without significant compatibility issues.�Achieving HVDC interoperability involves establishing common standards and protocols for the design, operation, and control of HVDC systems. These standards ensure that HVDC converters and associated equipment can communicate and coordinate effectively, allowing for reliable power exchange between interconnected systems. Interoperability also ensures that HVDC systems can operate safely and efficiently while maintaining grid stability and power quality.
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Key elements to be set

Ensuring interoperability with AC grid codes and DC functional specifications

HVDC Interoperability – Functional Grid Code solution 

19

HVDC supplier

HVDC Station

IEC/ANSI specifications

HVDC
Station

(90 years of R&D)

DC line sideAC grid side

System Operator

AC Grid Codes (HVDC version)
Ex: Network Code HVDC

SCADA/EMS

HVDC supplier

No Grid Codes

HVDC supplier

HVDC Station
IEC/ANSI specifications

CLC/TS 50654-1 „HVDC Grid 
Systems and connected 
Converter Stations”

HVDC
Station

(90 years of R&D)

DC grid sideAC grid side

DC system coordinator

DC Grid Functional
Specification (driven
by TSO)

HVDC controller (driven
by OEM) 

System Operator

AC Grid Codes (HVDC version)
Ex: Network Code HVDC

SCADA/EMS

Responsibility Applicable 
documents

Grid system 
controller

Existing “Point-to-Point” HVDC system Future HVDC grid system

Presenter Notes
Presentation Notes
Interoperability is much more than technology. Technologies have reached a maturity level calling now for an industrial scale demonstration, with special attention on Grid Code Functional Specification (TSO driven) and DC Grid Control (OEM driven)A system, staged and functional approach shall be taken to implement Interoperability with all industrial stakeholders. 

https://standards.globalspec.com/std/10289512/clc-ts-50654-1
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With nearly 40 leading organizations from 
research, industry, utilities, and transmission 
systems operators. Hitachi Energy part of the 
project, together with Siemens, GE, Toshiba.
50Hertz, Elia, Terna, EnerginetDK, Statnett, 
RTE, Red Electrica examples of Utility 
partners.
Main Objective:
Project will help to overcome the challenges 
of integrating renewable energies into 
Europe’s energy mix.

Technical Committee with participation from 
Hitachi energy, Siemens, GE and different 
European TSOs.
Main Objective:
Development of  guidelines for HVDC Grids 
Systems. 
Task completed, approved EU standard
“HVDC Grid Systems and connected 
Converter Stations – Guideline and 
parameter List for Functional Specification”
Base for InterOPERA work.
Ongoing translation to an IEC standard.

Project driven by SuperGrid Institute and 
collecting consortium of (HVDC system 
manufacturers, TSOs, third party HVDC 
system integrators, wind turbine 
manufacturers, offshore wind farm devel. 
Main objective:
Enable interoperability of multi-vendor HVDC.
Main Hitachi Energy task: 
Control and Protection Development and 
System Integration in Multi Vendor 
Environment

Hitachi Energy has been, is and will be main active player in defining DC Grids of the future

Hitachi Energy Involvement

20

Under NDA!
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5 Long-term R&D needs
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Inter-linking of existing HVDC lines DC WT with MVDC collection HVDC Tapping

• Optimal and cost-effective DC/DC converter?
• Fault-handling in DC/DC converter? 
• Further investigation into the technical feasibility of DC/DC converter is required.

DC/DC Converter

22

HVDC line

DC/DC converter 

MVDC bus

MVAC load/network

MV power conversion
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• AC-coupled vs DC-coupled storage?
• Centralized vs Decentralized?

Energy Storage 

23

Presenter Notes
Presentation Notes
The low-inertia systems are predominantly characterized by a significant reduction of rotational inertia present in the grid. The low-inertia power systems exhibit weakness in terms of volatile generation, resource adequacy, fault-tolerance, and frequency stability.
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Meshed DC grids Power Flow Controller
• Is there any need for converter-based power flow controller (PFC)?
• How many PFCs are required? 
• What is the most optimal way of realizing PFC?
• Role of PFCs in avoiding voltage instabilities, black-start

Power Flow Controllers

24

Presenter Notes
Presentation Notes
power flow control becomes a concern since the converter stations cannot control the currents circulating inside the mesh, which depend on the resistance relation between conductors. The installation of new converter stations, modifications of the grid configuration, N-1 contingencies, etc. can modify the current distribution leading to overloads in some conductors, while others are underused. Consequently, power curtailments or the installation of new conductors may be necessary. An alternative solution is to install medium voltage converters inserting voltages in series with the DC conductors, known as power flow controllers (PFC) or current flow controllers (CFC). Those devices allow to control the current distribution in the HVDC grid and they can be understood as the equivalent of flexible AC transmission systems (FACTS) for HVDC grids.
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• DC Grid is enabler to energy transition

• The DC Grid will evolve 
(Point-to-Point – Energy HUB – MPI – Meshed)

• Hitachi Energy has been, is, will be key
active player in industrial initiatives 

• All concepts are in place, risk is 
manageable

• We support DC Grid scalability through 
Multi-Vendor Interoperability

• Interoperability is not only OEM 
technical matter!
(Regulations, DC Grid Code, Functional Spec, 
planning activities, business models, procurement…)

Conclusive remarks

25
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Example of one (out of several) multi-terminal configuration

Multi-Purpose Interconnections

28

Modes of operation

Active power 
control

DC voltage control

Frequency control

AC voltage control

Q control

VSC

2000 MW ±525 kV
Bipole

66 kV

VSC

Onshore station C

±2000 MW ±525 kV
Bipole

VSC

2000 MW ±525 kV
Bipole

66 kV

VSC

Onshore station B

±1400 MW ±525 kV
Bipole

VSC

Onshore station A

±1800 MW ±525 kV
Bipole

Switching station

Frequency control Frequency control

Active power 
control

Q control

DC voltage control

Q control

Active power 
control

AC voltage control

AC voltage control AC voltage control
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• Hitachi Energy the only remaining vendor 
for the real-time studies with C&P 
hardware.

• However, realistic multivendor studies 
were performed.

• Hitachi Energy connected as 3rd station to 
an existing point-to-point link delivered by 
another vendor.

• Hitachi Energy connected as well as 2nd

station in a point-to-point setup.
• Since Hitachi Energy was the only active 

vendor, all tuning and all changes were 
made in Hitachi Energy ’s C&P setup. 
The already existing C&P equipment from 
the other vendor was not tuned or 
changed.

Multivendor experience

Existing C&P 1st station

Hitachi Energy C&P 
hardware connected as 
3rd station

Existing C&P 2nd station

29
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• Hitachi Energy C&P hardware connected 
to the existing point-to-point link from the 
other vendor.

• 3 terminal
• Hitachi Energy station sending 1000 MW, 

other stations receiving 500 MW each.
• 3 phase fault on AC side near Hitachi 

Energy station, 20% remaining voltage for 
200 ms.

30

Multivendor experience - Successful interoperability tests

Hitachi Energy station connected as 3rd station to existing point-to-point link

Presenter Notes
Presentation Notes
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• Hitachi Energy station replica connected 
to one station from the other vendor.

• Point-to-point
• Fast power flow reversal (+1000 MW to -

1000 MW)

31

Multivendor experience - Successful interoperability tests

Hitachi Energy  station – Another vendor

Presenter Notes
Presentation Notes
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• Interoperability issues were solved.
• Hitachi Energy station replica connected 

to one station from the other vendor in 
point-to-point

• AC fault caused oscillations in voltage, 
current and power.

• Since Hitachi Energy was the only active 
vendor the control adaptions were made 
only in ABB C&P setup.

32

Multivendor experience – Solving interoperability issues

Presenter Notes
Presentation Notes
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Comparison of topology options

Hitachi Energy market position: 
with Half Bridge (today solution) + HVDC Breaker combination we are able to operate in all conditions 

Multi-terminal HVDC system vs. AC system performance

33
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Meshed DC Grids

34
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Hitachi Energy contributionWhat is needed?

MPI Master Controller Realization of KriegersFlak CGS

Enable Multiterminal concept

Define C&P strategies

DC Switchgear station

DC Protection solution

Caithness-Morey-Shetland & 
other multiterminal links

New business cases definition Support RES dev.s, O&G, TSO

Interoperability for expansion

Share through WG/publications

DC Breaker development

Technical interoperability

DC GridCode / Ownership

Support industrial consultationsNew Procurement Process

Active in trade associations

Paving the way
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Development outline

35
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Ability of a system 
to work together with other 

systems, now or in the 
future, without restriction

Needed for expansion 
possibility of DC Grids

HVDC Interoperability – Definition

36 Source: adapted from T&D Europe

System

Defined by its external 
interfaces and 
functionalities

Together
with other 
systems

Ability to communicate and 
coordinate with other systems 

directly connected

In the 
future

Multi-stage (stepwise) 
development

Without 
restrictions

Performance according
to specifications

Presenter Notes
Presentation Notes
Comprehensive portfolio of advanced products, systems, and servicesAddressing all key market segments connected to the power gridsTogether with customers and partners, we co-create innovative solutions.
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Interoperability is much more than technology … … and pilot projects are the pathway

Industrial-scale project proposal made by T&D Europe and currently under 
discussion with ENTSO-E for EU fund application (eg. EU Green Deal)

Voice of the offshore wind European Industry1

Interoperability – main take-aways

37 1. Source: EU Horizon 2020 funded project PROMOTION

Regulatory compatibility
Project development

System compatibility
Functional compatibility

Vendor interoperability
Contractual compatibility

Paris Treaty

North Sea Treaty

North Sea Energy Cooperation

TYNDP

Memoranda of understanding

System operational guidelines

Grid codes

Standards

National governments

International bodies, EU, IMO

National Regulatory Authorities, 
ACER

ENTSO-E

Transmission system operators

Developers & Transmission 
owner

Vendors

Standardisation bodiesRecommended practices

Instruments Stakeholders

Phase 1 Phase 2 Phase 3

• Technologies have reached a maturity level calling now for an 
industrial scale demonstration, with special attention on Grid 
Code Functional Specification (TSO driven) and DC Grid 
Control (OEM driven)

• A system, staged and functional approach shall be taken to 
implement Interoperability with all industrial stakeholders. 

• Continue Hitachi Energy leading involvement in key industrial 
groups on Interoperability and communicate our position for the 
best technologies and approaches (system, staged, functional)

• Promote the importance of regulatory, legal and financial 
frameworks and other Institutional stakeholders

• Continue advancements of technology demonstration
through next wave of projects
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Industrial enablers to deliver the goals

Industrial scaling

• Rapid, consistent regulation development

• Industrial pilot projects

• Evolved business models

• Industry talent attraction

Market rules

Procurement processes

New CBA model’s

Development risks

Core competence focus

Competitive end customer solutions
Hybrid interconnectors

DC grid development process

Multi-vendor systems

HVDC circuit breakers
HVDC GIS

2GW HVDC Offshore

Vendor Interoperability

Multi-terminal systems

Functional specification

DC grid controller

Technologies

Regulations Business models

co2 Strategic partnerships
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Longer term R&D needs and the research questions  

39

 How will the future MTDC layouts evolve and be, 
meshed and/or radial or interconnected radials 
with transfer switches , different voltage levels, 
AC ties ?

 How many Power Flow Controllers and DC-DC 
or DC-DC-x converters will be needed ?

 What are the energy storage needs, type of 
storage, locations centralized or distributed and 
its benefits in GFC and resilience ?

Main objective : Get the understanding of future technology needs

Presenter Notes
Presentation Notes
Comments:Notes:�
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