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READY4DC project overview

Getting ready for multi -vendor and multi -terminal 
DC technology

Dr. Ilka Jahn, RWTH Aachen University

Sept 2023



Basic Facts

ÅExpected Outcome: The call is intended to support all the preparatory phases 
among all stakeholders (HVDC systems manufacturers, TSOs, wind turbine 
manufacturers and windfarm developers) leading to a demonstration project to 
de-risk the technology to enable the installation in Europe of the first Multi-
Vendor Multi-Terminal HVDC system with Grid Forming Capability. 

ÅType: CSA

ÅBudget: Χ ÍÉÌÌÉÏÎ Ώ 

ÅDuration: 1820 months (Nov. 2023)



Partners

Research Institutions Stakeholders associations

Major TSO active in two countries



Scope

ÅPreparatory tasks 

ÅĄ lead to a global agreement among stakeholders

ÅĄ lead to detailed planning for the full-scale industrial demonstrator

ÅCoordination and organization of a platform involving all stakeholders

ÅCompatibility of modelling tools

ÅModel sharing between TSOs: legal framework

ÅRoles and responsibilities



WG1 - Modelling, simulation 
framework and data sharing 
for HVDC interaction studies 

and large-scale EMT 
simulation

WG2 -Legal Framework for 
the Realisation of a Multi-

vendor HVDC Network

WG3 - Multi-vendor 
Interoperability Process and 
Demonstration Definition

Whitepaper on 
data and 
modeling

Whitepaper on 
legal aspects

White paper on 
interoperability 

and demo.

White papers 
on visions for 

the future

Project Concept

European 
Commission

WG4 - Steering group



Process per WG

ɆModelling framework and process 

ɆLegal aspects of data sharing 

ɆIntegration with simulation tools 

WG1

Modelling, simulation framework and data 
sharing for multi-vendor HVDC interaction 

studies and large-scale EMT simulation

ɆAnalyse the current status of legislation and regulation 

ɆAddressing the gaps in the legislative framework

ɆLegal framework for coordination and governance of multi-vendor, multi-terminal HVDC 
networks

WG2

Legal Framework for the Realisation of a 
Multi-vendor HVDC systems

ɆPlanning the first multi-vendor HVDC demonstration project

ɆPlacing demonstrators in the European grid 

ɆGoing beyond a demonstration project 

WG3

Multi-vendor Interoperability Process and 
Demonstration Definition

ɆTechnical Coordination

ɆVision for the short-term impact of the project 

ɆVision for the long-term impact of the project 

ɆInvolvement in BRIDGE and SetPlanactivities 

WG4 

Framing the future European energy system



WG governance structure (example)

Chair

(WP leader)

WG member WG member WG member

Consortia 
partners

Co-chair



READY4DC community

READY4DC 
Whitepapers

Energy 
regulators

TSO 
community 

Technology 
manufacturers

Offshore 
generation 
developers

Standard-
ization
bodies

Academy 
and research 

centers

Software 
developers

Policy 
makers

WG Members

Dialog and 
consultation



READY4DC whitepapers

ÅPublished
ÅModelling, Simulation Framework and Data Sharing for MVMT HVDC Interaction Studies and 

Large-scale EMT Simulations

ÅMV Interoperability Process and Demonstration Definition

ÅReport on the State of the Art of Regulation and Legislation and Gap Analysis

ÅPreliminary conclusions: Legal and Regulatory Aspects of a MVMT HVDC Grid

ÅHow to unlock investments for the first full-scale MV HVDC systems demonstration

ÅMore upcoming
ÅLong-term view for HVDC technology

ÅFraming the European energy system (on- off-shore) architecture and topology: future role of 
meshed DC structures and barriers for such technology to kickoff

Update coming!

Update coming!



Other efforts towards multi -vendor multi -
terminal HVDC

ÅCIGRE B4.81: Interactions: VSC-HVDC, FACTs, HV power electronics,  and 
conventional AC equipment

ÅCIGRE B4.85: Open-source HVDC Control & Protection

ÅPROMOTioN: Technical and commercial readiness (road map) for HVDC grids (2020)

ÅCOMPOSITE: Multi-infeed studies for offshore HVDC grids

ÅCENELEC / IEC 63291: HVDC Grid functional requirements / parameters

ÅIEC 63471: DC Voltages for HVDC Grids

ÅInterOPERAEU-funded project 



It is not too late to join the READY4DC 
community!

ÅSubscribe to mailing list

ÅFollow us on LinkedIn



THANK YOU



WG4 on Framing the Future 
European Energy System
(Lead : RWTH Aachen University )

Ilka Jahn (Chair), Jaqueline Cabañas Ramos, Marc 
Moritz

Co-chairs : Dimitar Kolichev, Nuno Souza e Silva



Project Structure

European 

Commission

WG4 - Steering group / 

Framing the Future European 

Energy System

WG1 - Modelling, 

simulation framework and 

data sharing for HVDC 

interaction studies and 

large-scale EMT simulation

WG2 -Legal Framework for 

the Realisation of a Multi-

vendor HVDC Network

WG3 - Multi-vendor 

Interoperability Process and 

Demonstration Definition

Whitepaper on 

data and 

modeling

Whitepaper on 

legal aspects

White paper 

on 

interoperability 

and demo.

White papers 

on visions for 

the future



Member Statistics

Stakeholders July 2022

TSOs

Vendors

Wind developers

Universities/Research institutes

Consultancies/Other

Countries May 2023

Germany UK Norway

Belgium Netherlands Denmark

Lithuania Portugal France

Sweden Non-EU Ireland

Stakeholders May 2023

TSOs

Vendors

Wind developers

Universities&Research Institutes

Consultancies
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Whitepaper: Unlocking Investments
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Whitepaper: Unlocking Investments
--- Magnitude of  an Example FOAK HVDC 
Component
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Whitepaper: Unlocking Investments
--- Potential Subsidy and Funding Options 
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Whitepaper: Unlocking Investments
--- Investment Volume and Sustainability of Supply
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Whitepaper: Long -term view for HVDC 
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Whitepaper: Long -term view for HVDC technology
ðSocio -economic aspects
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Whitepaper: Long -term view for HVDC 
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Whitepaper: Long -term view for HVDC technology
ðSocio -economic aspects

Å Challenges and opportunities in HVDC Technology

Raw material

Å

Å

Å

Å

Remanufacturing and Refurbishment

ÅDCCB: Quick Replacement for Maintenance Benefits



Whitepaper: Long -term view for HVDC technology
ðSocio -economic aspects
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Whitepaper: Long -term view for HVDC 
technology
ðSocio -economic aspects

Å Challenges and opportunities in HVDC Technology

Waste management/recycling and decommissioning

Å
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Whitepaper: Long -term view for HVDC 
technology
ðEnd of  life

Å

Å
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Q&A



Whitepaper: Framing the European Energy 
System

Å
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Whitepaper: Framing the European Energy 
System - Role of HVDC Onshore & Offshore

ÅStatus Quo:
Å30 GW offshore wind installed capacity in EU + UK

Å3% of electricity demand covered by offshore wind

Å
Å

Å

Å
Å

Å

ü Source: Our Energy, our future, WindEurope, 2019



Whitepaper: Framing the European Energy 
System - Role of HVDC Onshore & Offshore
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Source: TU Graz



Whitepaper: Framing the European Energy 
System - Role of HVDC Onshore & Offshore



HVDC Grids in Overall Infrastructure
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Vision for Sustainability of DC Grids
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Vision for Sustainability of DC Grids
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Main Points ðQ&A
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Thank you!



COFFEE BREAK 

READY4DC ðInterOPERA

JOINT EVENT
13 September 2023



Modelling, Simulation Framework and Data 
Sharing for MTMV HVDC Interaction 
Studies and Large Scale EMT Simulations

Working Group 1

William LEON GARCIA

13 September2023



Table of  contents

1. Introduction, motivation and context

2. Chapter 1: Interaction phenomena

3. Chapter 2: Workflow for interaction studies

4. Chapter 3: Role's assessment

5. Chapter 4: Openness of (certain) converter functions

6. Chapter 5: Offline and real-time EMT simulations

7. Take-aways
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Motivation



Context



Interaction Phenomena

Chapter 1



Interaction phenomena
Facing the risk of  new and more interactions : more converters, new 
environment (DC)

µ



Workflow for interaction 
studies

Chapter 2



Workflow for interaction studies
A couple dozen roles (27) identified among all stages



Roles assessment

Chapter 3



Role's assessment
Interaction studies remain priority AFTER MTMV HVDC projects awarded



Role's assessment
Prospective scenarios for BEFORE contract awarding



Effects of  converter openness

Chapter 4



Openness of  (certain) converter functions

Å

Å

Å



EMT simulation tools

Chapter 5



SIL Offline

*White or black-box



SIL with parallel CPUs, Offline+ or Real -Time

CPU IOs

*White or black-box



SIL with industrial IOs, Real -Time+

CPU

IOs

Industrial IOs

*White or black-box



HIL tests (real -time is implicit)

CPU

IOs

Industrial IOs



Hybrid SIL/HIL tests (real -time also implicit)

Industrial IOs

CPU

IOs

*White or black-box



Comparative analysis
A great power, requiring great responsibilities ├



Take -aways
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Main take -aways

Å4ÈÅ ÏÖÅÒÁÌÌ !#Ⱦ$# ÓÙÓÔÅÍ ×ÉÌÌ ÆÁÃÅ ÔÈÅ ÒÉÓË ÏÆ ÎÅ× ÁÎÄ ÍÏÒÅ ÉÎÔÅÒÁÃÔÉÏÎÓȣ
ÅNetwork codes shall anticipate them,

integrating new methodologies and tools for interaction studies
ÅInteraction studies remain priority after MTMV HVDC projects awarded,

when vendors support availability is at its highest
ÅProspective studies at R&D and pre-design stages appear in the landscape
ÅConverter functions openness under exploration by experts, but still far from 

practical implementations
ÅDifferent EMT tools for different scenarios, but SIL (offline) and HIL using 

vendor models and replicas respectively are current trend for interaction 
studies in design phases for green field MTDC HVDC development.
ÅHybrid SIL/HIL as an option for large EMT and brown field MTMV HVDC 

development



For your attention
and feedback on D1.2

Thank you



READY4DC WG 3 Multi-vendor 
Interoperability Process and 
Demonstration Definition

Joint READY4DC -InterOpera Dissemination Event

Nico Klötzl (TenneT)

13th September 2023



Motivation



ready4dc.eu

Current status

!Ó ÉÓȡ 3ÉÎÇÌÅ 6ÅÎÄÏÒ ɀ-ÕÌÔÉ 4ÅÒÍÉÎÁÌ



ready4dc.eu

Current status

As is: Single Vendor ɀMulti Terminal

Turnkey integrated HVDC 
grid 



ready4dc.eu

Aim: Modular and interoperable HVDC building blocks

As is: SingleVendor ɀMulti Terminal

Turnkey integrated HVDC 
grid 

4Ï ÂÅȡ -ÕÌÔÉ6ÅÎÄÏÒ ɀ-ÕÌÔÉ 4ÅÒÍÉÎÁÌ

Vendor 
B

Vendor 
A

Vendor 
C

Vendor 
D

Vendor E



ready4dc.eu

WP3 Objectives

Å

Å

ĄMention what needs to be thought of
ĄGive recommendations



Definition of  selection criteria

2



ready4dc.eu

Selection criteria for the first MTMV demonstrator

ÅFunctional requirements
ÅCompliance to system operation guideline 

(SOGL)

ÅFulfilment of transmission request 

ÅProvision of grid services

ÅGrid Forming Capability

ÅImprovement of ancillary services

ÅRedundant coupling

ÅFunctions requiring use of technology 
components currently of low technology 
readiness level

ÅReduction of technical complexity/risk

ÅDesign impacts
ÅDC fault protection

ÅDC control



ready4dc.eu

Selection criteria for the first MTMV demonstrator

Design impact: DC fault protection
üIntroduction of DC-FSD recommended

üEnable connection of new terminals 
recommended

Design impact: DC control
üminimising the dependencies on communication

übehaviour is predictable



ready4dc.eu

Selection criteria for the first MTMV demonstrator

ÅFunctional requirements
ÅCompliance to system operation guideline 

(SOGL)

ÅFulfilment of transmission request 

ÅProvision of grid services

ÅGrid Forming Capability

ÅImprovement of ancillary services

ÅRedundant coupling

ÅFunctions requiring use of technology 
components currently of low technology 
readiness level

ÅReduction of technical complexity/risk

ÅDesign impacts

ÅDC voltage options

ÅSelection of active power per converter 
station



ready4dc.eu

Selection criteria for the first MTMV demonstrator

$ÅÓÉÇÎ ÉÍÐÁÃÔȡ $# ÖÏÌÔÁÇÅ ÏÐÔÉÏÎÓ
üΩΨΦË6 ÏÒΫΨΫË6

ü$# ÃÏÎÔÒÏÌÅÁÓÉÅÒ×ÉÔÈÏÎÅÖÏÌÔÁÇÅÌÅÖÅÌ

Design impact: Selection of active power 
per converter station
üTRL levelfor 2GW consideredmarket ready

üNo specificpower rating recommended

üForverificationpurposesminimum active
power rating of somehundredsMW



ready4dc.eu

Selection criteria for the first MTMV demonstrator

ÅFunctional requirements
ÅCompliance to system operation guideline 

(SOGL)
ÅFulfilment of transmission request 
ÅProvision of grid services
ÅGrid Forming Capability
ÅImprovement of ancillary services
ÅRedundant coupling
ÅFunctions requiring use of technology 

components currently of low technology 
readiness level
ÅReduction of technical complexity/risk

ÅDesign impacts

ÅTrade offs in converter station function 
selections across DC network
ÅSubmodule technology selection
ÅTopology selection
ÅOverplanting of windfarms and deloading

below MPP
ÅOffshore AC connection
ÅInclude technologies not being operated in the 

European transmission grid up  to now
ÅDemonstrator project for first MTMV project 
ÄÏÅÓÎȭÔ ÁÉÍ ÔÏ ÓÏÌÖÅ ÁÌÌ ÉÓÓÕÅÓ ÆÒÏÍ ÔÈÅ 
beginning



Selection of  potential candidate 
projects

3



ready4dc.eu

Selection of potential candidate projects

1. Bornholm Energy Island

2. North Sea Energy Island

3. Project Aquila

4. Generic MTMV system



Procedure for selecting 
functional specifications beyond 
the first demonstrator
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ready4dc.eu

Procedure for selecting functional specifications

Planned MT(MV) projects in Europe
TSOs

Do planned projects 
fullfill basic 

requirements?

Development of mandatory and non-
mandatory specifications for MTMV

(TSOs + Vendors+Consultants)

Are mandatory & non-
mandatory specifications 

part of availabe standards?
TSOs + Vendors

Transmission capacity specified
TSO + Regulator

Projects at first not 
further considered for 
selecting first set of 

functional 
specifications

No

Implementation of specifications to be 
tested in simulations/real time 

simulators/... 

Donȭt need to 
be further 
considered

Yes

Have tests/
demonstrators shown 

practicability of 
requirements

Add the candidate functional 
requirements to the list of 
official requirements. and 

add them in standardization 
process

Yes

Refinement of 
requirements

No

Yes

No

Selection of most probable type of 
projects 

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

4.4.7

¶ Pre selection to 
reduce number of 
possible discussion 
points

¶ Timeline
¶ ...

¶ System topology
¶ basic system 

properties
¶ ...

¶ CENELEC 
50654-1

...

¶ Based on 
information from 
most probable 
type of projects



ready4dc.eu

Procedure for selecting functional specifications

Planned MT(MV) projects in Europe
TSOs

Do planned projects 
fullfill basic 

requirements?

Development of mandatory and non-
mandatory specifications for MTMV

(TSOs + Vendors+Consultants)

Are mandatory & non-
mandatory specifications 

part of availabe standards?
TSOs + Vendors

Transmission capacity specified
TSO + Regulator

Projects at first not 
further considered for 
selecting first set of 

functional 
specifications

No

Implementation of specifications to be 
tested in simulations/real time 

simulators/... 

Donȭt need to 
be further 
considered

Yes

Have tests/
demonstrators shown 

practicability of 
requirements

Add the candidate functional 
requirements to the list of 
official requirements. and 

add them in standardization 
process

Yes

Refinement of 
requirements

No

Yes

No

Selection of most probable type of 
projects 

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

4.4.7

¶ Pre selection to 
reduce number of 
possible discussion 
points

¶ Timeline
¶ ...

¶ System topology
¶ basic system 

properties
¶ ...

¶ CENELEC 
50654-1

...

¶ Based on 
information from 
most probable 
type of projects



ready4dc.eu

Procedure for selecting functional specifications

Planned MT(MV) projects in Europe
TSOs

Do planned projects 
fullfill basic 

requirements?

Development of mandatory and non-
mandatory specifications for MTMV

(TSOs + Vendors+Consultants)

Are mandatory & non-
mandatory specifications 

part of availabe standards?
TSOs + Vendors

Transmission capacity specified
TSO + Regulator

Projects at first not 
further considered for 
selecting first set of 

functional 
specifications

No

Implementation of specifications to be 
tested in simulations/real time 

simulators/... 

Donȭt need to 
be further 
considered

Yes

Have tests/
demonstrators shown 

practicability of 
requirements

Add the candidate functional 
requirements to the list of 
official requirements. and 

add them in standardization 
process

Yes

Refinement of 
requirements

No

Yes

No

Selection of most probable type of 
projects 

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

4.4.7

¶ Pre selection to 
reduce number of 
possible discussion 
points

¶ Timeline
¶ ...

¶ System topology
¶ basic system 

properties
¶ ...

¶ CENELEC 
50654-1

...

¶ Based on 
information from 
most probable 
type of projects



Key milestones in implementing 
a MTMV demonstrator

5



ready4dc.eu

Key milestones implementing a MTMV demonstrator ð
Preconditions and assumptions before planning phase

[ŜƎŀƭ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ 
ŦǊŀƳŜǿƻǊƪ

{ǘŀƴŘŀǊŘ ƭŀƴƎǳŀƎŜ ŦƻǊ a¢π
a± ǇǊƻƧŜŎǘǎ

.ŀǎƛŎ a¢ ŦǳƴŎǝƻƴŀƭ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 
ǎǇŜŎƛŬŎŀǝƻƴ

/ƻƴŎŜǇǘǳŀƭ a¢πa± ǎȅǎǘŜƳ 
ŘŜǎƛƎƴ

.ŀǎƛŎ a¢πa± ŦǳƴŎǝƻƴŀƭ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 
ǎǇŜŎƛŬŎŀǝƻƴǎ

5ŜǘŀƛƭŜŘ a¢πa± ŦǳƴŎǝƻƴŀƭ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 
ǎǇŜŎƛŬŎŀǝƻƴǎ

a¢πa± ǇǊŜǉǳŀƭƛŬŎŀǝƻƴ ƻŦ 
ǾŜƴŘƻǊǎ

LƴŘƛǾƛŘǳŀƭ κ /ƻƳƳƻƴ 
¢ŜƴŘŜǊƛƴƎ

LƴŘƛǾƛŘǳŀƭ κ /ƻƳƳƻƴ 
tǊƻŎǳǊŜƳŜƴǘ

!ǊŜ ƻũŜǊǎ ŀǾŀƛƭŀōƭŜ ŀƴŘ 
ǎǳŶŎƛŜƴǘ ǘƻ ǎƘƻǿ 
ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅΚ

¸Ŝǎ

tǊƻƧŜŎǘ ǎǇŜŎƛŬŎ a¢πa±  
ǎȅǎǘŜƳ ŘŜǎƛƎƴ ŀƴŘ /ϧt 

ŘŜǾŜƭƻǇƳŜƴǘ

LƴǘŜƎǊŀǝƻƴ ǘŜǎǘǎ

/ƻƴǎǘǊǳŎǝƻƴ ϧ C{¢ǎ  

/ƻƳƳƛǎǎƛƻƴƛƴƎ hǇŜǊŀǝƻƴ
aŀƛƴǘŜƴŀƴŎŜ ŀƴŘ 
ǎŜǊǾƛŎƛƴƎ wŜŦǳǊōƛǎƘƳŜƴǘ

9ƴŘ ƻŦ ƭƛŦŜŎȅŎƭŜ

{ǘŀƴŘŀǊŘ ƭŀƴƎǳŀƎŜ ŦƻǊ 
a¢πa± ǇǊƻƧŜŎǘǎ
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{ŜŎǝƻƴ рΦо

{ŜŎǝƻƴ рΦп

9
Ȅ
Ǉ
Ŝ
Ǌ
ƛ
Ŝ
ƴ
Ŏ
Ŝ

wŜǎǇƻƴǎƛōƛƭƛǝŜǎ
/ƭŀǊƛŬŎŀǝƻƴ ƻŦ ƪŜȅ ǊƻƭŜǎ

{ȅǎǘŜƳ ŀŘŜǉǳŀŎȅ ǎǘǳŘƛŜǎ

- include MT-MV 
demonstrator as project of 
common interest (PCI) in 
TYNDP or within grid 
development plan

- Alignment of different 
system operation guidelines 

- Two interfaces: a.) Model 
sharing b.) grid and station 
level control



ready4dc.eu

Key milestones implementing a MTMV demonstrator ð
Planning & Development of  a MTMV system

[ŜƎŀƭ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ 
ŦǊŀƳŜǿƻǊƪ

{ǘŀƴŘŀǊŘ ƭŀƴƎǳŀƎŜ ŦƻǊ a¢π
a± ǇǊƻƧŜŎǘǎ

.ŀǎƛŎ a¢ ŦǳƴŎǝƻƴŀƭ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ 
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- Recommendations from 
Chapter 4 may be used

- First draft by TSOs, reviewed by 
vendors

- Screening and initial dynamic 
performance & interaction 
studies

ȤÅØÁÍÉÎÅ ÉÆ ÖÅÎÄÏÒÓ ÃÁÎ ÆÕÌÆÉÌ 
-4-6 ÉÎÔÅÒÏÐÅÒÁÂÉÌÉÔÙ ×ÉÔÈ 
ÄÅÆÉÎÅÄ ÆÕÎÃÔÉÏÎÁÌ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ

Ȥ0ÏÓÓÉÂÌÅ ÉÔÅÒÁÔÉÖÅ ÁÄÊÕÓÔÍÅÎÔÓ ÏÆ 
ÔÈÅ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ 

- Operating requirements
- Energization/shut down
- Protection concepts
- Coordinated control
- ȣ
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Key milestones implementing a MTMV demonstrator ð
From a conceptual to a project specific design
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ŦǊŀƳŜǿƻǊƪ
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/ƻƴŎŜǇǘǳŀƭ a¢πa± ǎȅǎǘŜƳ 
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Functional and dynamic 
performance will be 
demonstrated by offline, 
software-in-the-loop and 
hardware-in-the-loop system 
testing
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Key milestones implementing a MTMV demonstrator ð
Final steps from construction to end of  lifecycle

[ŜƎŀƭ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ 
ŦǊŀƳŜǿƻǊƪ
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LƴŘƛǾƛŘǳŀƭ κ /ƻƳƳƻƴ 
tǊƻŎǳǊŜƳŜƴǘ
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Sufficient training for 
operators needed

- possible new functions, 
software upgrades, 
cubiclesand new 
technologies such as fault 
separation devices and 
DC-DC converters

- the system shall be 
classified as expandable at 
the beginning of the 
planning phase 



Providing a roadmap towards 
rolling out future expandability

6
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Providing a roadmap rolling out future expandability ð
Phases

ÅPhase 1: Gaining experience from the first MTMV HVDC demonstrator
ÅInteroperability is proven
ÅNecessary adjustments can be made to the existing requirements so future linking of hub projects is enabled

ÅPhase 2: Development of an overall system design
ÅNo consensus so far about the potential options for further development. But it is possible to 

distinguish between three topics, based around various priorities

ÅPhase 3: Standardisation to modular sub-systems
Åstandardize technical and regulatory requirements to ensure modular expandability of the system
Åcompatibility of converter stations and separate DC switchgear 
Åmodular protection design
Åoverall goal is to achieve modular HVDC building blocks with standardized I/O interfaces which include 

interoperability by design
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Providing a roadmap rolling out future expandability ð
Phases
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Providing a roadmap rolling out future expandability ð
Essential requirements

4ÅÃÈÎÉÃÁÌ ÒÅÑÕÉÒÅÍÅÎÔÓȡ
Ȥ3ÙÓÔÅÍ ÒÁÔÉÎÇ
Ȥ0Ï×ÅÒ ÆÌÏ× ÃÏÎÔÒÏÌ
Ȥ$ÙÎÁÍÉÃ ÓÔÁÂÉÌÉÔÙ
Ȥ0ÒÏÔÅÃÔÉÏÎÓ ÁÎÄ %ÑÕÉÐÍÅÎÔ
Ȥ%ÔÃȢ

Planning standards:
- Definition of technical terms and descriptions
- Strategy of potential interfaces for the 

exchange of signals and data 
- Standardization of integration studies for 

future projects
- Standardized regulations for network 

connection 
- ȣ

Roles of key actors:
- Policy makers
- Energy regulators
- Standardization bodies
- Academy and research centres
- TSOs
- Vendors
- Consultants

Further requirements:
- External threats
- Cyber security
- Cost
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Providing a roadmap rolling out future expandability ð
Planning standards
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Thank you!  
Q&A



READY4DC WG 2 
Legal and Regulatory

CIGRE Vienna ðREADY4DC/InterOPERA Joint Event 
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Whitepaper

Legal and Regulatory Aspects 
of  a Multi -Vendor Multi -
Terminal HVDC Grid



Introduction

ÅWG2: Whitepaper almost ready ɀyour input counts!!

ÅGovernance

ÅCooperation between companies

ÅStandardisation

ÅIP

ÅRisks & Liability



Governance



Coordination on a larger system level 
needed
Å#ÏÏÒÄÉÎÁÔÉÏÎÉÎ ÐÕÂÌÉÃ ÌÁ×
Å%5 ÅÌÅÃÔÒÉÃÉÔÙÍÁÒËÅÔ ÒÅÇÕÌÁÔÉÏÎǪ ÄÉÒÅÃÔÉÖÅ
Å)Ó ÉÔÔÈÅÓÁÍÅÁÓ !#ȩ
Å4ÁÒÉÆÆÍÏÄÅÌ
Å.ÅÔ×ÏÒË #ÏÄÅÓ

Å0ÒÉÖÁÔÅ ÌÁ×
Å5ÍÂÒÅÌÌÁÁÇÒÅÅÍÅÎÔ
Å-ÏÄÅÌ "ÉÌÁÔÅÒÁÌÁÇÒÅÅÍÅÎÔ

Å3ÔÁÎÄÁÒÄÉÓÁÔÉÏÎÁÇÒÅÅÍÅÎÔÓ
Å"ÅÔ×ÅÅÎÐÕÂÌÉÃ Ǫ ÐÒÉÖÁÔÅ
Å%ÓÓÅÎÔÉÁÌÆÏÒÉÎÔÅÒÏÐÅÒÁÂÉÌÉÔÙ



Roles & Responsibilities currently not clear

ÅRolesandresponsibilitieswill change over the lifetime of assets

ÅNot all partsof the system will have the samedivisionof rolesand
responsibilities

ÅResponsibilitiesshouldbeplacedtherewherethe risksthat comewith it
canbest bemitigated

ÅShort Term vsLong Term



Between companies

Cooperation



Cooperation between companies

ÅGoverned by competition law

ÅAgreements should not be anti-competitive / disrupt the market

ÅGuidelines for when this is the case

ÅApplication to HVDC grid development

Å101(3) TFEU exceptions and safe havens



Standardisation

ÅLarge group of companies (large market share)

ÅOpen & transparent process

ÅVoting rights

ÅObjective reasons for choosing a certain standard

ÅStandard Essential Patents: FRAND

ÅExcessive Pricing: what is excessive?

ÅStatic or Dynamic Standards



IP Rights and HVDC

Standardisation



Patents and Trade Secrets

Å7ÈÁÔȭÓ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅȩ

ÅWhy does it matter?

ÅShift from turnkey to MVMT

ÅCan it still be blackboxed?



Relevant considerations

ÅThe priceof a license/ access to a patent

ÅHow to applyFRAND to tradesecrets?

ÅIndividuallicensingor patent pool?

ÅProtectionof IP rights differsper country

ÅInterpretationmaydiffer per country



Risks &  Liability



Introduction

ÅMulti-Terminal Multi-Vendor HVDC systems are complex and involve 
multiple stakeholders and vendors.

ÅDefining liabilities and risk allocation is crucial to ensure accountability 
and avoid disputes in case of system malfunctioning and 
interoperability issues.

ÅWithin Ready4DC principles and considerations for defining liabilities and 
risk allocation in such systems were outlined.



From Turn -key to Multi -Vendor Systems

Status Quo ɀPoint-to-Point 
HVDC Systems

ÅTurn-key systems by a single 
vendor

DC-side connection of Multi-
Vendor-Point-to-Point Systems

ÅNetwork based on the connection 
of turn-key systems

ÅTurn-key systems as fallback

Distributed Multi-Vendor Multi-
Terminal Systems

ÅFully modular MT/MV system

ÅFull responsibly on the system 
operator(s)



From Turn -key to Multi -Vendor Systems

Status Quo ɀPoint-to-Point 
HVDC Systems

DC-side connection of Multi-
Vendor-Point-to-Point Systems

Distributed Multi-Vendor Multi-
Terminal Systems

System responsibility shifts from the manufacturer to the TSO or system 
developer, increasing the design risk for the latter.



Methodology to

Identification of the MT/MV 
scenarios to be assessed

Identification of the MT/MV 
specific risks for all scenarios 
through the project phases

Proposals on how to 
distribute risks and liability 



Project Preparation

System Design

ÅResponsibility for design shifts from the vendor(s) to TSOs or system developers, 
increasing the design risk for the latter.

ÅThe system developer will take on the role of the system designer, including the 
definition of functional and specific requirements at the DC connection points.

ÅThe design of components, such as converter stations, will remain the responsibility 
of the HVDC vendors
ÅVendors are liable for malfunctions against the system designer's requirements

üConnecting turn-key systems can be an intermediate step in allocating risks and 
corresponding liabilities.



Summary and Next Steps

ÅThe shift from turnkey HVDC systems to distributed multi-terminal multi-vendor 
HVDC systems can impact risks and associated liabilities in several ways:

Å Turnkey systems:single vendor responsible for entire project and liable for faults or damages

Å Multi -vendor systems:multiple vendors involved, increased risk of interoperability issues and 

difficulty in allocating liability

ÅRisk mitigation for early multi-terminal multi-vendor systems:

Å Connection of turn-key point-to-point systems from different vendors

Å Easier management and operation, possibility of separation if issues occur

ÅMinimization of risks and liabilities

Å clear definition of roles and responsibilities in contracts

Å clear guidelines for system integration and testing

Å thorough testing of interoperability

Å Identification of the 
impact of MT/MV 
HVDC on liabilities 
and risk allocation

Å Procurement strategy 
and concepts 
(templates) for 
contracts

Å Implementation and 
lessons-learned

ÅCross TSO exchange 
required

Ready4DC

InterOPERA

&ÉÒÓÔ 'ÒÉÄ 
ÐÒÏÊÅÃÔÓ



Thank you!
Questions?
Ceciel Nieuwenhout
c.t.Nieuwenhout@rug.nl

Also on behalf  of  co -authors 
Philipp Ruffing and Vincent Lakerink
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ABOUT INTEROPERA

DISCLAIMER:

#ÏȤÆÕÎÄÅÄ ÂÙ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎȢ 6ÉÅ×Ó ÁÎÄ ÏÐÉÎÉÏÎÓ ÅØÐÒÅÓÓÅÄ ÁÒÅ ÈÏ×ÅÖÅÒ 
ÔÈÏÓÅ ÏÆ ÔÈÅ ÁÕÔÈÏÒɉÓɊ ÏÎÌÙ ÁÎÄ ÄÏ ÎÏÔ ÎÅÃÅÓÓÁÒÉÌÙ ÒÅÆÌÅÃÔ ÔÈÏÓÅ ÏÆ ÔÈÅ %ÕÒÏÐÅÁÎ 
5ÎÉÏÎ ÏÒ #).%!Ȣ .ÅÉÔÈÅÒ ÔÈÅ %ÕÒÏÐÅÁÎ 5ÎÉÏÎ ÎÏÒ ÔÈÅ ÇÒÁÎÔÉÎÇ ÁÕÔÈÏÒÉÔÙ ÃÁÎ ÂÅ 
ÈÅÌÄ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÔÈÅÍȢ

PROJECT DETAILS:

$ÕÒÁÔÉÏÎȡ Χ *ÁÎÕÁÒÙ ΨΦΨΩ ɀΩΦ !ÐÒÉÌ ΨΦΨέ
'ÒÁÎÔ ÁÇÒÅÅÍÅÎÔȡ ΧΦΧΦίΫήέΪ

The InterOPERA project will define technical frameworks and standards for 

electricity transmission and accelerate the integration of renewable energy. 

Ensuring that HVDC systems, HVDC transmission systems or HVDC 

components from different suppliers can work together ɀmaking them 

ȰÉÎÔÅÒÏÐÅÒÁÂÌÅȱ-ÉÓ Á ÔÏÐ ÐÒÉÏÒÉÔÙ ÔÏ ÁÃÃÅÌÅÒÁÔÅ %ÕÒÏÐÅȭÓ ÅÎÅÒÇÙ ÔÒÁÎÓÉÔÉÏÎȢ
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In its quest for CO2 reduction and energy independence the 
EC is promoting technology to support offshore wind 
generation.

A European Green Deal: climate neutrality in 2050 ĄMulti terminal HVDC systems 
serve the connection of offshore wind generation  to onshore consumption centres

EC objectives:

ɆGreen Deal: Reduction of GHG emission and climate neutrality by 2050

ɆREPowerEU: Affordable, secure and sustainable energy for Europe

Ąmassive deployment of 300 to 450 GW of offshore wind by 2050 
(28% of installed power generation in Europe)

Current approaches:

ÅPower Park Modules connected through point-to-point HVDC 
transmission

Ą the multiplication of point-to-point links would be ineffective and lead 
to higher societal and environmental costs

ÅFirst multi-terminal and hybrid HVDC systems are being deployed

Ą Locked-in single-vendor proprietary designs

Main needs for cost efficient  
Grids:

Å Multi-vendor HVDC 
interoperability

Å Grid forming capability

Å HVDC system scalability
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Multiterminal HVDC systems are seen as an opportunity 
for efficient and resilient energy transport 

Reducing the footprint and increasing stability of offshore systemsĄMulti terminal HVDC 
systems drive efficiency and resilience in deployment of transmission infrastructure

ɆFewer losses over long distances

ɆPower flow control and power system 
stability support capabilities (grid forming 
controls)

HVDC features

ɆHigher RES integration capacity

ɆIncreased market coupling, reduced societal 
costs

ɆMinimized impact of infrastructure ɀ
increased social acceptance

Multi-terminal 
systems

Ɇ,ÉÍÉÔÁÔÉÏÎ ÏÆ ÒÉÓËÓ ÒÅÌÁÔÅÄ ÔÏ ÏÎÅ ÓÉÎÇÌÅ 
ÔÅÃÈÎÏÌÏÇÙ ÐÒÏÖÉÄÅÒ

Ɇ)ÎÃÒÅÁÓÅÄ ÃÏÍÐÅÔÉÔÉÏÎ ÁÎÄ ÉÎÎÏÖÁÔÉÏÎ

Ɇ0ÏÔÅÎÔÉÁÌ ÉÎÃÒÅÁÓÅ ÉÎ ÓÐÅÅÄ ÏÆ ÄÅÐÌÏÙÍÅÎÔ

Multi-vendor systems

Today The near future
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Real Multi terminal HVDC systems 
are planned and being developed

ÅThese help exploit large offshore wind developments

ÅAnd support long distance grid infrastructure projects transporting 
generation to consumption

ΧΦ ÔÏ ΧΫ 
ÐÒÏÊÅÃÔÓ
ÉÎ ÔÈÅ 
ÎÅØÔ 
ÙÅÁÒÓ

Denmark 
(Energinet 
& 50Hz)

Bornholm Island

North Sea Energy Hub

NL/DE

(TenneT& 
Amprion)

Windconnector

HeideHub

NW-Hub

Princess Elizabeth Island

France Manche

UK and US

/ÔÈÅÒÓ ÔÏ 
ÃÏÍÅȣ
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Challenges and ambition

InterOPERA  is to de-risk multi-vendor multi terminal technology with grid forming capability

How to ensure interoperability of converters 
provided by different vendors?

HVDC converters and 
large scale PEIDs for power generation must host 

grid-forming controls 

How to pave the way for multi-terminal and 
multi-vendor HVDC projects?

(Ï× ÔÏ ÅØÔÅÎÄ ÍÕÌÔÉȤÔÅÒÍÉÎÁÌ ÍÕÌÔÉȤÖÅÎÄÏÒ 
ÓÙÓÔÅÍÓ ÔÏ ÌÁÒÇÅÒ ÁÎÄ ÌÁÒÇÅÒ $# ÈÕÂÓȩ

How to expand multi-terminal multi-
vendor HVDC grids across countries?

Functional technical integration and validation and 
multi-vendor cooperation frameworks with view to 
achieving modular and interoperable control and 

protection systems

A real time physical demonstrator of a 
multi-vendor multi-terminal HVDC system 

with grid forming capability

A new way of framing the European Grid 
architecture and topology, through coordinated 

power system planning 

Open solutions for multi vendor HVDC 
project procurement, new paths to 

offshore energy and grid development

Main challenges InterOPERA ambition
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What is InterOPERA about?

Multi -vendor HVDC interoperability

Grid forming capability

HVDC system scalability

2ÅÑÕÉÒÅȣ
InterOPERA is on the 

critical path 
towards large-scale multi 
vendor and multi terminal 
HVDC systems in Europe 
ɀi.e. the future supergrid.   

Ȱ7Å ÁÒÅ ÈÅÒÅ ÆÏÒ ÔÈÅ ÒÅÁÌ 
ÔÈÉÎÇȱ

Cooperation between vendors, TSOs and developers (+ENTSO-E, WindEurope 
and T&D Europe)+ regional / international coordination

ÁÃÔÉÏÎȾÉÎÔÅÒÖÅÎÔÉÏÎ ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ #ÏÍÍÉÓÓÉÏÎ

HORIZON-CL5-2022-D3-01-09 ɀ
Real Time Demonstrator of Multi-Vendor Multi-Terminal VSC-HVDC 

with Grid Forming Capability (in support of the offshore strategy)
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InterOPERAs objective is to de -risk  the multi -vendor multi -
terminal HVDC  technology with grid forming capability, to 
pave the way to the first real -life projects in Europe and to 
enable the development of  the European HVDC grid for 
offshore wind energy integration

ɆBetween TSOs, wind developers, HVDC manufacturers and WTG manufacturers

Ɇ4 years part of the broader roadmap 

ɆEngage with potential stakeholders and parallel activities
A coordinated approach

ɆOperational, functional frameworks: modular build and standard interfaces

ɆReal project organization and procurement strategies

ɆLegal basis for complex multi-stakeholder cooperation

$ÅÍÏÎÓÔÒÁÔÅÄ ÉÎÔÅÒÏÐÅÒÁÂÉÌÉÔÙ 
ÆÒÁÍÅ×ÏÒËÓ

ɆFull scope of engineering activities

ɆDeliver a market ready solution

ɆPotential to facilitate tenders to be launched by 2027

Enabling real offshore pilot 
projects 




