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

Dr. llka Jahn, RWTH Aachen University
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Basic Facts

AExpected 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 ta
de-risk the technology to enable the installation in Europe of the first Multi
Vendor MulttTerminal HYDC system with Grid Forming Capability.

AType: CSA
ABudget: X [T EI 1 ET T Q
ADuration: 4820 months(Nov. 2023)
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Partners

EJON Encrgy Rescarch Genter

SuperGrid
Institute
Shaping power transmission

university of
/ groningen

Research Institutions

RWTHAACHEN
UNIVERSITY
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T&[e)u rope

Stakeholders associations

e=>TenneT

Major TSO active in two countries
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Scope

APreparatory tasks
AA lead to a global agreement among stakeholders
AA lead to detailed planning for the fulkscale industrial demonstrator

A Coordination and organization ofgatform involving all stakeholders

A Compatibility ofmodelling tools
A Model sharing between TSOkgal framework
ARoles and responsibilities

READY@ DC ready4dc.eu



Project Concept

AACHEN
UNIVERSITY
= White papers
uropean . : on visions for
Commission WG4- Steering group .
f” et I \ —renner
WG1- Modelling, simulation
framework and data sharing WG2-Legal Framework for WG3- Multi-vendor
for HVDC interaction studies the Realisation of a MuHi Interoperability Process and
and largescale EMT vendor HVDC Network Demonstration Definition
simulation
Whitepaper on : White paper on
data and Whitepaper on interoperability
) legal aspects
modeling and dema
READY@ DC ready4dc.eu



Process per WG

WG1
. : : ¥ Modelling framework and process
Modelling, simulation framework and data RS PSS rau SR

sharing for multivendor HVDC interaction [y e et s R i e R e
studies and largescale EMT simulation

SuperGrid
Institute
Shaping pover transmission

ey E Analyse the current status of legislation and regulation
F Addressing the gaps in the legislative framework

Legal Frar_nework for the Realisation of a ¥ Legal framework for coordination and governance of muindor, multiterminal HYDC
Multi-vendor HVDC systems networks

university of
groningen

WG3 E Planning the first multivendor HYDC demonstration project
E Placing demonstrators in the European grid

: i : a=Tenner
E Going beyond a demonstration project =

Multi-vendor Interoperability Process and
Demonstration Definition

E Technical Coordination
E Vision for the shorterm impact of the project

Framing the future European energy syste % Vision for the longterm impact of the project
FInvolvement in BRIDGE argktPlanactivities

READY@ DC ready4dc.eu




WG governance structure (example)

Chair
(WP leader

partners
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READYA4DC community

WG Members

Offshore Standard
generation ization
developers bodies

Academy
and researc
centers

Technology
manufacturers

Software
developers

Energy READY4DC
regulators Whitepapers
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READY4DC whitepapers

APublished

A Modelling, Simulation Framework and Data Sharing for MVMT HVDC Interaction Studies
Large-scale EMT Simulations

A MV Interoperability Process and Demonstration DefinitisiRdate coming!
A Report on the State of the Art of Regulation and Legislation and Gap Analysis

A Preliminary conclusions: Legal and Regulatory Aspects of a MVMT HVDG Gpidhate coming!
A How to unlock investments for the first fedicale MV HVDC systems demonstration

AMore upcoming
A Long-term view for HVDC technology

A Framing the European energy system {aff-shore) architecture and topology: future role of
meshed DC structures and barriers for such technology to kickoff

READY@ DC ready4dc.eu



Other efforts towards multt  -vendor multi -
terminal HVYDC

ACIGRE B4.81nteractions: VSEHVDC, FACTs, HV power electronics, and
conventional AC equipment

ACIGRE B4.850pen-source HVDC Control & Protection

APROMOTIioN Technical and commercial readiness (road map) for HYDC grids (2020
ACOMPOSITEMulti-infeed studies for offshore HVDC grids

ACENELEC / IEC 63294VDC Grid functional requirements / parameters

AIEC 63471DC Voltages for HVDC Grids

AlnterOPERAEU-funded project

READY@ DC ready4dc.eu



It IS not too late to join the READY4DC

community!

ASubscribe to mailing list
AFollow us on LinkedIn

Are you
READY. DC?

READY::DC

a
=

READY4DC
eparing the ground for the development of the first multi-terminal, multi-vendor HVDC project in

ready4dc.eu
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THANK YOU
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llka Jahn (Chair), Jaqueline Cabanas Ramos, Marc
Moritz

Co-chairs : Dimitar Kolichev, Nuno Souza e Silva

Dr. Ilka Jahn, RWTH Aachen University
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Project Structure

WG4 - Steering group /
Framing the Future European
Energy System

European
Commission

| g

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 HVYDC Network

Whitepaper on
data and
modeling

Whitepaper on
legal aspects

READY: DC

White papers
on visions for
the future

WG3 - Multi-vendor
Interoperability Process and
Demonstration Definition

White paper
on
interoperability
and demo.
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Member Statistics

WG4 list: 49 persons
Meeting attendance: 6-21 persons

Stakeholders July 2022 Stakeholders May 2023

) )

@

@

m TSOs
= TSOs
= Vendors = Vendors
= Wind developers = Wind developers
Universities/Research institutes Universities&Research Institutes
= Consultancies/Other = Consultancies

READY:Z DC

Countries May 2023

m Germany = UK = Norway
Belgium = Netherlands = Denmark

m Lithuania = Portugal = France

= Sweden = Non-EU = [reland
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Timeline

April 2022
March 2023

== Sept 2023

1203 /4 516178 9 110]/1112]113]14]15]/16]17 181920

Whitepaper: How to unlock investments Review
White paper: long-term view for HVDC technology Review
White paper: Framing the European energy system / role of DC + barriers Review

Additional: Involvement in BRIDGE and SetPlan activities

READY@ DC ready4dc.eu



Whitepaper: Unlocking Investments

Alnvestment Options

Alnvestment Volume and Sustainability of Supply

ABlocks for Investing into the First MTMV HVDC Demonstrator
AFinancial Decision-Maker Experience

APlan to Unlock Investments

READY@ DC ready4dc.eu



Whitepaper: Unlocking Investments
--- Magnitude of an Example FOAK HVDC
Component

ASize of initial FOAK (first-of-a-kind) projects may be high and outside
(national) support schemes

ADC circuit breaker bypass (case study in PROMOTioN)
AOnshore, connect two single-vendor p2p HVDC links
A17 million € ... 38 million €
A“Single piece of equipment,
APositive cost benefit yet risk considered too high

READY@ DC ready4dc.eu



Whitepaper: Unlocking Investments
--- Potential Subsidy and Funding Options

AMost likely finding for a FOAK will be with EU CEF/PCI (project of common
Interest)

AOpen questions around anticipatory investments
AOver-scaling of hardware, return to EU ownership?

A“FOAK Europe, for technology with strategic importance
ACould consider technology integration aspects that can be different outside Europe

APublic/Private partnership could be a good option for financing and sharing
risk (compare Neuconnect)

READY@ DC ready4dc.eu



Whitepaper: Unlocking Investments
--- Investment Volume and Sustainability of Supply

Survey in READY4DC community December 2022

AThe teams’ workload (during writing of this paper) ranges from 60% to 250%
with
A 15% of employees judging their team being loaded 200-250%
A 20% of employees judging their team being loaded 130-150%
A 41% of employees judging their team being loaded 90-120%

AMore than half the teams are currently hiring 20-40% of their size.
AOne year from now, most teams need 0%-60% extra staff.

AFive years from now, the teams need between 0%- up to more than 200% extra
staff.

READY@ DC ready4dc.eu



Timeline

April 2022
March 2023

== Sept 2023

1203 /4 516178 9 110]/1112]113]14]15]/16]17 181920

Whitepaper: How to unlock investments Review
White paper: long-term view for HVDC technology Review
White paper: Framing the European energy system / role of DC + barriers Review

Additional: Involvement in BRIDGE and SetPlan activities

READY@ DC ready4dc.eu



Whitepaper: Long -term view for HVDC
technology

AWGs outputs

AState of the art of HVDC Technology
ASocio-economic aspects

AR&D priorities

AEnd of life

READY@ DC ready4dc.eu



Whitepaper: Long -term view for HVDC
technology

ASocio-economic aspects
AR&D priorities
AEnd of life

READY@ DC ready4dc.eu



Whitepaper: Long -term view for HYDC technology

0 SOcCIo -economic aspects

A Benefits of HVDC technology:

A Key solution for connecting large-scale offshore
wind farm. One example is: German North Sea
project

A Ease congestion and enable offshore wind farms to
link multiple grids

A Allows for the connection of independent grids that
cannot be merged into a single synchronous
system-> The North Sea Link is an example

A Impact on Energy Market

A Example: Caithness-Moray link- enhance grid
stability and reduce curtailment

READY:Z DC

ready4dc.eu



Whitepaper: Long -term view for HVDC
technology
0 SOcCIo -economic aspects

Alnfrastructure investment and job creation
A Cross-border and national investments play a vital role

A The TYNDP studies : an additional 64 GW of cross-border reinforcements for 2030 would be cost-

efficientO contribute significantly to the region's socio-economic welfare
A National investments also play a vital role by connecting stronger areas with weaker ones, achieving a

similar effect.
I
.Q—ég

A 2050: 4x electricity, 3x transmission, big investments, jobs
READY@ DC ready4dc.eu




Whitepaper: Long -term view for HVDC
technology
d Socio -economic aspects

Alntegration of HVDC in Energy Policies and investment:

A NeuConnect project »policy scenario based also on third parties projections (TYND,FES ,NECP among
others)

A Their source of funding includes private investment and their operate under Ofgem's "Cap and Floor”
regulations

ASocial acceptance

A Success relies on public acceptance

READY@ DC ready4dc.eu



Whitepaper: Long -term view for HVDC technology
0 Socio -economic aspects

ACircular economy-Challenges and opportunities in HYDC Technology

Raw material

A Grid expansion » Key minerals needed (including aluminum and copper among others)
A Robust steel platform construction, extendable

A Environmental-friendly insulation for copper cables

A Aluminum remains a costly metal to produce and recycle

Remanufacturing and Refurbishment

A DCCB: Quick Replacement for Maintenance Benefits

READY@ DC ready4dc.eu



Whitepaper. Long -term view for HYDC technology

d Socio -economic aspects

A Circular economy- Challenges and opportunities in
HVDC Technology

Design for circularity

A Modular design facilitates component
replacement.

A SF6 switchgear challenge: Advocacy for Air
Insulation

A Circularity design of power transformers by
replacing conventional oils with renewable or re-

refined oils

READY:Z DC

~
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Whitepaper: Long -term view for HVDC
technology
d Socio -economic aspects

ACircular economy- Challenges and opportunities in HYDC Technology

Waste management/recycling and decommissioning

A Recycling Offshore Equipment Conserves Resources » Example : Offshore oil and gas platforms
in the North Sea decommission report demonstrates that a substantial portion of the assets and
equipment can be considered for re-use, re-sale, or recycling.

|/E\ Lﬁ
READY@ DC UILJIAMJ ready4dc.eu




R&D priorities

AScreening OFGEM / SET / PROMOTioN reports on R&D priorities

AGeneral agreement
ABut also much increased targets

AREADY4DC puts special emphasis on
A"Getting infrastructure up-and-running”
AGrid extension
ATraining

READY@ DC ready4dc.eu



Whitepaper: Long -term view for HVDC
technology
0 End of life

ADeveloped Structures for End-of-Life Assets
AOWFs Lifetime Extension Preferred for Decommissioning-challenge cable Lifetime Mismatch
ACable Removal Obligation in International Law

AEnd of Life in Legislation and Contracts

READY@ DC ready4dc.eu



Q&A
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Whitepaper: Framing the European Energy
System

A Role of HVDC Onshore and Offshore
A HVDC Grids in Overal Infrastructure
A Sustainability of DC Grids

A Beyond HVDC

READY@ DC ready4dc.eu



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

Ambition of North Sea countries’ goals

A Status Quo:
A 30 GW offshore wind installed capacity in EU + UK
A 3% of electricity demand covered by offshore wind
AEU targets (2020):
A 300 GW offshore wind installed capacity by 2050
A 60GW by 2030
AOstend Declaration of North Sea countries (2023)
A >120 GW offshore wind capacity by 2030
A >300 GW by 2050

2050 vision:
450 GW

u G 0 a I S a re ram p i n g U p ! Source: Our Energy, our future, WindEurope, 2019

READY@ DC ready4dc.eu



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

AHVDC offshore

AMain technology for offshore wind power transmission

A Cross-country interconnections
A Onshore-to-onshore
A Offshore hub-to-hub
A Hybrid projects
A Offshore hub to onshore

AHVDC onshore

AlLong distance transmission
ACross-country interconnections - System Needs
AReplace functionalities of existing AC assets

R EA DY@ DC o ready4dc.eu



Whitepaper:

Framing the European Energy

System - Role of HVDC Onshore & Offshore

100

HVDC-VSC projects in Europe (cum.)

I Commissioned
90 | |IFuture Commissioning
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HVDC Grids in Overall Infrastructure

A Visions for HVDC Grid development: (?) ol

European Supergrid vs. Incremental Approach
2030 is close ,.fﬁm ,&,
Regulation challenges
Engineering skills gap / Staff scarcity ,
Supply chain challenges

cC. C. . C:

A AC transmission grid reinforcements necessary

READY@ DC ready4dc.eu



Vision for Sustainability of DC Grids

ASustainable Development Goals and HVDC

A SDG 7: reduction of emissions & increasing energy efficiency W),
e
A SDG 9: DC transmission as reliable, resilient infrastructure ) S, v \
& — “an
AMeshed DC grids vs. P2P DC transmission
A Approximately #DCnodes converters needed vs. 1.5 * 2 * #DCnodes A Iz 4

READY@ DC ready4dc.eu



Vision for Sustainability of DC Grids

AHow to build sustainable DC Grids?

U Grid extensibility
U Interoperability & modularity
U Repurposing of existing infrastructure

9 Your Input needed: Which direction should we focus on @

READY@ DC ready4dc.eu



Beyond HVDC

Planned topics:
AAttracting more engineers for the HVDC Industry

AMVDC & LVDC

AUse cases and potential

ATechnology challenges
AAre there synergies /common features with HVDC?

READY@ DC ready4dc.eu



Main Points 0 Q&A

A Contribution of HVDC links & grids to
AC grid stability

A Sustainability of DC grids
AVision
AHow to build sustainable DC Grids?

READY@ DC ready4dc.eu



Thank you!
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READY4DC 0 InterOPERA

JOINT EVENT
13 September 2023

COFFEE BREAK

»Inter
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Enabling multi-vendor HVDC grids
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Modelling, Simulation Framework and Data

Sharing for MTMV HVDC Interaction
Studies and Large Scale EMT Simulations

Working Group 1

William LEON GARCIA
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Introduction

X
! [

Multi-terminal multi-vendor HVDC system vision (Corbett, 2020)

READY:Z; DC

Green field Brown field

Project stages

® Purpose

Benefits

Phenomena o O
Studies

Risks

MTMV HVDC

_ Interaction Studies
Perimeter

Tools

@ Data

Vendors Models Methods

HVDC grid operators
AC TSOs

Relevant stakeholders

Supporting 3rd parties readykdc.eu 50



Motivation

Network codes shall anticipate new interactions, through new tools/methods and R&D

READY@ DC , - L ooy = T ready4dc.eu 51



Context

ready4dc.eu 52
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Chapter 1

Interaction Phenomena
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Interaction phenomena

Facing the risk of hew and more interactions . more converters, new
environment (DC)
i DC protection <-> Converter I I
& : | :
| , I . | I :
Q ! . .
: | | Pdc/Vdc control interactions :
| J !
| | 5 : i i | :
I : | I I
- I { ! | | ! ] i I I
l | I | : :
I I AC protection <-> Converter | | :
< ! i i | e e !
B l 5 ' > -
I I Pac/Vac control interactions
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Chapter 2

Workflow for interaction
studies
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Workflow for interaction  studies

A couple dozen roles (27) identified among all stages

COORDINATION & MEDIATION

” o o

@ 3 -

o = o

o 9 w

= o =
N

- SOLUTION
APPROVAL

- MITIGATING
ACTION

- SPECIFICATION

- INTERACTION
TESTS

- ANALYSIS - SOLUTION
PROPOSAL

Specify Validate Implement

DOCUMENTATION AT EVERY LEVEL

READY@ DC ready4dc.eu 56




Chapter 3

Roles assessment
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Role's assessment

Interaction studies remain priority AFTER MTMV HVDC projects awarded

Integrator [ COORDINATION & MEDIATION ]
1 speciFicaTioN 2 INTERACTION 3 anaLysis 4 soLutioN 5 soLution 6 miTiGATING
. TESTS PROPOSAL . APPROVAL . ACTION
Integrator Integrator Integrator Integrator

Supportmg Supportmg Supportmg
3rd Party 3rd Party 3rd Party

In tegrator

READY@ DC ready4dc.eu 58



Role's assessment

Prospective scenarios for BEFORE contract awarding

~Integrator | COORDINATION & SUPERVISION ]
fE ¢ 3

1 SPECIFICATION 2 INTERACTION 3 ANALYSIS ll' SOLUTION 5 SOLUTION 6 FRAMEWORK

» [ » »

Supporting Supporting Supporting
3rd Party 3rd Party 3rd Party

+ + + + + +

Supporting Supporting
3rd Party 3rd Party

READY@ DC ready4dc.eu 59
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Chapter 4

Effects of converter openness
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Openness of (certain) converter functions

Vendor support

>
£
o
c
o
ahd
s |
(1]
‘v
|
o
ol
(7]
| -
0o
Q
ol
£

A
m
>
>
<Y
-
(@)

A Low-degree
Maintains the interface between converter functions and the overall system via vendors, prioritizes the
safeguarding of vendor IP and leverages their converter control expertise. But it limits the integrator.

A Medium-degree
Greater but still limited control, vendor support still needed to clarify how much the converter functions can
be adjusted.

A High-degree
Offers total access to certain functionalities, simplifying troubleshooting and decentralizing interactions. But
it demands the integrator a certain know-how and prompts questions about accountability.

LOW-DEGREE E MEDIUM-DEGREE E HIGH-DEGREE
Pin E E OEM 2 or even the
' ' integrator
—K—> Open N Open S ’
' function 1 - function 1 - A
y ' h 4
N Open -
>< ' function 2 -
< i
' Open -
function 3 ”
Open -
function N -
OEM 1 5 OEM 1 OEM 1 5 OEM 1 readyll.dc.eu 61




Chapter 5

EMT simulation tools
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SIL Offline
r"

algorithms™

*White or black-box

READY@ DC ready4dc.eu 63



SIL with parallel CPUs, Offline+ or Real -Time

CPU IOs

*\White or black-box

READY:Z DC

ready4dc.euss




SIL with industrial 10s, Real -Time+

C&P
software

(on generic
hardware, i.e.
micro-computer,
simulator
hardware...)

“« "

A :
& Lo M1DC grid

*White or black-box

READY:Z DC
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HIL tests (real -time is implicit)

¢ MTDC grid

READY:Z DC

1 |

&

‘\‘.

C&P IED

- . hardware &

W software
: (#] f

q Bae -
= g’ /

Part ||

Vs

.-,\"

Ut Wg A
N ..QQ;‘;; g
N s

ready4dc.eusé




Hybrid SIL/HIL tests (real

‘ ")

-time also implicit)

. e Tl <
X Part | '
‘

g
Vel )

Q

-~

.‘ ‘A

Industrial 10s

: C&P IED
. hardware &
software

~ ‘q MTDC grid
g Part Il
W
\\. obe

' |'05

»
ALAN S
.

C&P

READY:Z DC
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'. Algorithms* .
go > A

%
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Comparatil ve

power

requil

Uncommon

A gr eat
N

S S/

S AFEAS

SIL OFFLINE | o7 || vinwat s || 00
SIL OFFLINE + ffr‘gtcé‘: Virtual I0s 252332‘”
SIL R |pescaed | | seneric 0s || generc
SILRT + | sesieed || [

‘anal

gr eat

I N

Industrial Configurable

Vendor
replica

o [

Industrial .
Generic
10s
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Uncommon

y

r €S

Si S

Moderate Moderate Moderate Moderate

Moderate Moderate Maybe Moderate Moderate Maybe
High High Maybe No High Moderate Maybe
High High Yes Maybe High Moderate Yes
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Take -aways
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Main take -aways
AAEA T OAOAI T !'#T$# OUOOAI xEI 1T FEAAA
ANetwork codes shall anticipate them,

Integrating new methodologies and tools for interaction studies

Alnteraction studies remain priority after MTMV HVDC projects awarded,
when vendors support availability is at its highest

AProspective studies at R&D and pdesign stages appear in the landscape

AConverter functions openness under exploration by experts, but still far from
practical implementations

ADifferent EMT tools for different scenarios, b8tL (offline) and HILusing
vendor models and replicagespectively are current trend for interaction
studies in design phases for green field MTDC HVDC development.

AHybrid SIL/HIL as an option for large EMT and brown field MTMV HVDC
development

READY@ DC ready4dc.eu 70



Thank you

For your attention
and feedback on D1.2
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Joint READY4DC -InterOpera Dissemination Event

Nico Kl6tzl (TenneT)
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Motivation
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Current status
|l O EOd 3EILOI AE6ARAT &1 Al

& &

— —

[
~

Q

DC busbar

~ ~
é) AC network (r\g
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cCurrent status

As is: Single VendgrMulti Terminal

& &

— —

Turnkey integrated HVDC
grid

AC network

READY:Z DC
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Aim: Modular and interoperable HVDC building blocks

As is:SingleVendorz Multi Terminal 41 AdgAdl A1 O OE 4 AOI1 ET +
’;‘}7! l—',3:: U C
A -
Turnkey integrated HVDC = o0 b
R By - |
AC network AC network

READY: DC cacpaccen



WP3 Objectives

@ Guidelines for demonstration project \

A Selection criteria for the first MTMV demonstrator

A Proposal of potential (type of) candidate projects

[ B2 2
m-¢ Procedure for selecting functional specifications

ﬁ Key milestones in implementing a first MTMV demonstrator

@ Roadmap Future expandability beyond demonstration project /

A Mention what needs to be thought df
A Give recommendations

READY:; DC
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Definition of selection criteria
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Selection criteria for the first MTMV demonstrator

AFunctional requirements ADesign impacts
A Compliance to system operation guideline<: A DC fault protection
(SOGL) A DC control

READY: DC



Sel ectiron criteri a for t he f

Design impact: DC fault protection Design impact: DC control
U Introduction of DCFSD recommended U minimising the dependencies on communication
i Enable connection of new terminals U behaviour is predictable
recommended

READY: DC



Selection criteria for the first MTMV demonstrator

AFunctional requirements ADesign impacts

A DC voltage options

A Fulfilment of transmission request > A Selection of active power per converter
station

READY: DC



Selection criteria for the first MTMV demonstrator

$ AOECIT Ei PAAOd $# edighimmaét: Seldiomrdf dciiye power
0QUEME © YEYG per converter station
US#A 1 T AAIOERDEAT 1| & AOA I (i TRLIevelfor 2GWconsideredmarketready
U No specificpowerrating recommended

U Forverificationpurposesninimum active
powerrating of somehundredsMW

READY: DC



Selection criteria for the first MTMV demonstrator

A Eunctional requirements A Design impacts

A Trade offs in converter station function
/ selections across DC network
A Provision of grid services » A Submodule technology selection

>

A Grid Forming Capability > A Topology selection
A Improvement of ancillary services — A Overplanting of windfarms andeloading
A Redundant coupling- ~ below MPP |
A Functions requiring use of technology ~ A Offshore AC connection
components currently of low technology > A Include technologies not being operated in the
readiness level European transmission grid up to now
A Reduction of technical complexity/risk > A Demonstrator project for first MTMV project o
Al AOT 60 AEI ol 1 OA A
beginning
R EA DY@ Dc ready4dc.eu



3

Selection of potential candidate
projects
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Sel ecti on of

Bornholm Energy Island
North Sea Energy Island
Project Aquila

Generic MTMV system

e\ =

READY:Z DC

potent i

a l

cand.
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A

Procedure for selecting
functional specifications beyond
the first demonstrator
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Procedure for selecting functional specifications

4.4.2

1 Preselection to
reduce number of
possible discussion
points

1 Timeline

1

READY:Z DC

Transmission capacity specifie

TSO + Regulator

Planned MT(MV) projects in Europ

Do planned project
fullfill basic
requirements?

Selection of most probable type of
projects

1 System topology
1 basic system
properties

1

Projects at first not
further considered fo
selecting first set of
functional
specifications
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Procedure for selecting functional specifications

READY:Z DC

w

T Basedon
information from

4.4.3 Development of mandatory and nen

mandatory specifications for MTMV

most probable
(TSOs + Vendors+Consultants)

type of projects

4.4.4
Are mandatory & no 5
T CENELEC mandatory specifications Dg;ﬂfﬂﬁ[ﬁgrto
506541 part of availabe standards

TSOs + Vendors SoRTEEe

NO

ready4dc.eu



Procedure for selecting functional specifications

4.4.5 Implementation of specifications to be
tested in simulations/real time

simulators/...

4.4.6
Have tests/

: demonstrators shown
Refln_ement of «NO practicability of
requirements requirements

Yes
Add the candidate functiong
requirements to the list of

4 4.7 official requirements. and
add them in standardizatio
process

READY: DC
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Key milestones in implementing
a MTMV demonstrator
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Key milestones implementing a MTMV demonstrator
assumptions before planning phase

Preconditions anc

0

- include MMV
demonstrator as project of
common interest (PCI) in

e e e e e et et e e m— . m— m— . — . — _\

! {SO‘P"“[/ £ F N& OO aﬂf)-;%\éjmf 83 I

TYNDP or within grid
development plan

- Alignment of different
system operation guidelines

’( [ $3F I}/R}\Badm
Y !

FNI YS 62
01 yRENR f|%{3dz|z|s TanNd ac |

az* LJN2889ua +

[{

7l 0@

({ 2a0SY I RS

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

level control

READY:Z DC

'wSaLJ23faAo7\f AaSa

. ¢{ KAGY S

+ SYR2NA

aiddzRASa
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Key milestones implementing a MTMV demonstrator 0
Planning & Development of a MTMV system

— e — — e— — — e e e — e e— e m— . — m— m— — — m— m— — . m— m— — — m— — — m— m— — — — —

Recommendations from | L owe V( 'N'Jsa.,"dii N§B¢Ys‘gioellenf
Chapter 4 may be used : Z, 4 LIS 0A GO o2y
: : - v i
First draft by TSOs, reviewed by ! @' (75758 Lumar (2 oed k5 er
vendors L St > Z
: i : L~ > o
Screening and initial dynamic " 5 AT T O 2 yE O
performance & interaction ! %i_’( e L Sl e ybz';)XR o
studies e <o T
! gl!_ a tm + LJNg lj dzt ¢ | U Eéz y 27 2
P PPN - .. A T P ~ , ASYR2 NJ ) < ¢
AgAil ET A EA OAT AT0O7AHA =& Kk | >
-4-6 EI OAOI PAOA A S T ey =
AREET AA £0O1 AOEW 3 A AOET T O .
. - - A s e | A A~ . &
0l OOBAODAOEOA A AE -
OEA ODPAAEAEAAOQE, 5
/ -
Operating requirements ! : ) ) , ) ] o
Energization/shut down S ' NevOr Syl Or ke sa S
- ' Ay SNE LES -OAtAﬂéS_i =
Protection concepts , ®
Coordinated control i (L YR IS *"“’?”} S
g ‘ t NdezNJs YpyY i ready4dc.pli

—— e . e e b m— . e m—t — . et m—t —— m— m—t m—— m— m— m—t m— m— m— — — — —



Key milestones implementing a MTMV demonstrator 0
From a conceptual to a project specific design

Functional and dynamic [{SOpay o

. I tN\E§§OuVR§t OAUO q¢
performance will be : 48adSY RSty L YR /

) ! RSGSt2LISY U |

demonstrated by offline, v 2=
software-in-the-loop and | 4[ SRR g;u v
hardwarein-the-loop system | ! | s
testlng | P Y DU O S

READY: DC



Key milestones implementing a MTMV demonstrator 0
Final steps from construction to end of lifecycle

Sufficient training for
operators needed

{41 yRFENR f]l[ gi|(z|s a|
ata+ LINR2BOGa 52 yar

- possible new functions,
software upgrades,

9ELISNA Sy 04

-<

cubiclesand new ; ab AydSytys oy R

technologies such as fault e QH e OJ : ( e ""3 7

separation devices and

DCGDC converters | [ OyR 2F fj og Ot
- the System shall be N e o

classified as expandable at
the beginning of the
planning phase

READY: DC
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Providing a roadmap towards
rolling out future expandability
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Providing a roadmap rolling out future expandability 0
Phases

APhase 1: Gaining experience from the first MTMV HVDC demonstrator

A Interoperability is proven
A Necessary adjustments can be made to the existing requirements so future linking of hub projects is enabled

APhase 2: Development of an overall system design

A No consensus so far about the potential options for further development. But it is possible to
distinguish between three topics, based around various priorities

APhase 3: Standardisation to modular ssipstems
A standardize technical and regulatory requirememdsensure modular expandability of the system
A compatibility of converter stations and separate DC switchgear
A modular protection design

A overall goal is to achieve modular HVDC building blocks with standardized 1/O interfaces which include
interoperability by design

READY: DC



Providing a roadmap rolling out future expandability 0
Phases

Status quo Status quo Status quo
Demonstrator Demonstrator Demonstrator
Option #1 Option #2 Option #3

= HVDCline @ Converterstation DI Switchingunit withoutDC-FSD [ ® M Switching unit with DC-FSD

READY: DC



Providing a roadmap rolling out future expandability 0
Essential requirements

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

8

3 OAQET C

01l xAO A&l 1 Al

$UT ATEA OOAAEI EO
001 OAAQET 1T O AT A
%O A 8

Roles of key actors:
Policy makers

Energy regulators
Standardization bodies
Academy and researctentres
TSOs

Vendors

Consultants

READY@ DC

Further requirements:
External threats

Cyber security
Cost




Providing a roadmap rolling out future expandability 0
Planning standards

Regulatory bodies

= Grid forming = Operational limits = Market coupling of » |nterfaces between

European countries converters and

= Integration studies

Interfaces for old and
new devices
AC-PoCrequirements

(e.g. voltage bands)
Voltage and power
flow control

System defence and
restoration

FRT requirements

Harmonisation and
Standardisation

communication
Risk mitigation and
monitoring
Protection against
external threats

READY:Z DC
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Thank you!
Q&A
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CIGRE Vienna 0 READY4DC/InterOPERA Joint Event
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Whitepaper

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

AWG2: Whitepaper almost readyyour input counts!!
AGovernance

ACooperation between companies
AStandardisation

AIP

ARisks & Liability

READY@ DC ready4dc.eu



Governance
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Coordination on a larger system level

needed

A#1 1T OAEHTA OEOMA E A
A%SAT AA O ABDAR@D I QREBDIAIAOE OA
A) BOEGATAYO I #e

A4 AOH BA I
A. AOxT OE #1 AAO

AO OEODAR®A
A5iAOACDAAIAIO
A-1T AAET A OR@AAT AT O

A3 OAT AAOAEOADIEAT OO
A" AOxBAAI EA O POEOAOA
AnOOAEEaG OIAOI PAOAAEI EOU
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Roles & Responsibilities currently not clear

ARolesandresponsibilitieswill change ovethe lifetime of assets

ANot all parts of the systemwill havethe samedivisionof rolesand
responsibilities

AResponsibilitieshouldbe placedthere wherethe risksthat comewith it
canbestbe mitigated

AShort TermvsLong Term

READY@ DC ready4dc.eu



Cooperation

Between companies

READY DC



Cooperation between companies

AGoverned by competition law
AAgreements should not be antiompetitive / disrupt the market

AGuidelines for when this is the case
AApplication to HVDC grid development
A101(3) TFEU exceptions and safe havens

READY@ DC ready4dc.eu



Standardi sati1l on

ALarge group of companies (large market share)
AOpen & transparent process

AVoting rights

AObijective reasons for choosing a certain standard
AStandard Essential Patents: FRAND

AExcessive Pricing: what is excessive?

AStatic or Dynamic Standards

READY@ DC ready4dc.eu



IP Rights and HVDC
Standardisation

READY DC



Patents and Trade Secrets

ATEAO6O OEA AEAEEAOAT AlAe
AWhy does it matter?

AShift from turnkey to MVMT

ACan it still beblackboxec?

READY@ DC ready4dc.eu



Relevant considerations

AThepriceof alicense/ accesso a patent
AHowto applyFRANDto trade secret®
Alndividuallicensingor patent pool?
AProtectionof IPrights differs per country
Alnterpretation may differ per country

READY:Z DC
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Risks & Liability
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Introduction

AMulti-Terminal MultiVendor HVDC systems are complex and involve
multiple stakeholders and vendors.

ADefining liabilities and risk allocation is crucial to ensaceountability
and avoid disputes in case of systemalfunctioning and
iInteroperability issues.

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

READY@ DC ready4dc.eu



From Turn -key to Multl -Vendor Systems

Status Quaz Point-to-Point DGCside connection of Multi Distributed Mult-Vendor Multt
HVDC Systems VendorPoint-to-Point Systems  Terminal Systems
Turnkey 1 Turnkey 2 Turnkey 3 Turnkey 1 Tumnkey 2 Turnkey 3 . Converter 1 Converter 2 Converter 3
Networking as modular Offshore network as

independent
infrastructure

| L]
Converter 6

.- operating state

Converter 5
Converter 4

A Turn-key systems by a single A Network based on the connection A Fully modular MT/MV system

vendor of turn-key systems A Full responsibly on the system
A Turn-key systems as fallback operator(s)

READY@ DC ready4dc.eu



From Turn -key to Multl -Vendor Systems

Status Quay Point-to-Point DGCside connection of Muki Distributed Mult-Vendor Multt
HVDC Systems VendorPoint-to-Point Systems  Terminal Systems

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

Status Quo - Point-to-Point DC-side connection of Multi- Distributed Multi-Vendor Multi-
HVDC Systems Vendor-Point-to-Point Systems Terminal Systems

Turnkey 1 Turnkey 2 Turnkey 3 Turnkey 1 Turnkey 2 Turnkey 3 Converter 1 Converter 2 Converter 3

Offshore network as
independent
infrastructure

|dentification of the MT/MV
— specific risks for all scenarios—
through the project phases

Identification of the MT/MV
scenarios to be assessed

Proposals on how to
distribute risks and liability

READY@ DC ready4dc.eu



Project Preparation

System Design

AResponsibility for design shiftsfrom the vendor(s)}o TSOs or system developers,
Increasing the design risk for the latter.

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

AThe design of components, such as converter stations, will remain the responsibility

of the HVDC vendors
A Vendors ardiable for malfunctions against the system designer's requirements

U Connecting turrkey systems can be antermediate step in allocating risks and

corresponding liabilities.
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Summary and Next Steps

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

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

_ _ _ _ _ Ready4DC
A Turnkey systems:single vendor responsible for entire project and liable for faults or damag

A Multi-vendor systems:multiple vendors involved, increased risk of interoperability issues a
difﬁCU|ty in aIIocating |Iablllty A Procurement strategy
and concepts
(templates) for

A Risk mitigation for early multterminal multi-vendor systems: InterOPERA contracts
A Connection of turakey pointto-point systems from different vendors

A Easier management and operation, possibility of separation if issues occur
A Implementation and

I
I |
S _ o i i lessonslearned
A Minimization of risks and liabilities . &EOOO i ‘A CCFods TSO exchange
A clear definition of roles and responsibilities in contracts ' POl EA {5\ O tequired
A clear guidelines for system integration and testing i

A thorough testing of interoperability ~~_ -

READY@ DC ready4dc.eu
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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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JOINT EVENT
13 September 2023

COFFEE BREAK

»Inter
OPER

Enabling multi-vendor HVDC grids
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INterOPERA

Introduction

»Inter
OPERA

Enabling multi-vendor HVDC grids




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 togetlemaking them

OET OAOI-PAOAADAD DPOET OEOU O AAAAI AOAOA %OOI pbA60O Al AOCU OOAT OEOEI T 8

Co-funded by
the European Union
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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 2@6Multi terminal HYDC systems
serve the connection of offshore wind generation to onshore consumption centres

»Inter
OPERA

Enabling multi-vendor HVDC grids

EC objectives:
ASreen Deal: Reduction of GHG emission and climate neutrality by 2050
AREPowelEU: Affordable, secure and sustainable energy for Europe

A massive deployment of 300 to 450 GW of offshore wind by 2050

Main needs for cost efficient
Grids:

A Multi-vendor HVDC
interoperability

A Grid forming capability

A HVDC system scalability

(28% of installed power generation in Europe)

Current approaches:
Aower Park Modules connected through pointo-point HYDC

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

Acirst multi-terminal and hybrid HVDC systems are being deployed interopera.eu
A Lockedin singlevendor proprietary designs




Multiterminal HYDC systems are seen as an opportunity
for efficient and resilient energy transport

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

Multi-terminal
systems

Multi-vendor systems

»Inter
OPERA

Enabling multi-vendor HVDC grids

FFewer losses over long distances

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

FHigher RES integration capacity
FIncreased market coupling, reduced societal
costs

EMinimized impact of infrastructure
increased social acceptance

~
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Today

s

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

A These help exploit large offshore wind developments

A And support long distance grid infrastructure projects transporting
generation to consumption

Bornholm Island Denmark \lfIV'r_‘;CIjn;eCtor
North Sea Energy Hub (Energinet (TenneT& eideHu

Amprion) NW-Hub

Princess Elizabeth Islanc

France Manche
» Inter
OPERA

UK and US
Enabling multi-vendor HVDC grids
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Challenges and ambition

InterOPERA is to dask multrvendor multi terminal technology with grid forming capability

Main challenges InterOPERA ambition

Functional technical integration and validation anc

multi-vendor cooperation frameworks with view to

achieving modular and interoperable control and
protection systems

How to ensure interoperability of converter
provided by different vendors?

HVDC converters and
large scale PEIDs for power generation must hog

_ . A real time physical demonstrator of a
grid-forming controls

multi-vendor multiterminal HVDC syste

D with grid forming capability

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

A new way of framing the European Grid
architecture and topology, through coordinate
power system planning

(1T x O AZOAODIAE I DIR DIE(
OUOOAI O Ol 1 AOCAO

Open solutions for multi vendor HVD(
How to expand multierminal mult- project procurement, new paths to
offshore energy and grid developme

vendor HVDC grids across countries
Inter
OPERA interopera.eu

Enabling multi-vendor HVDC grids




What is InterOPERA about?

Multi-vendor HVDC interoperability
Grid forming capability

HVDC system scalability

2ANOEOAS

InterOPERA Is on the

Cooperation between vendors, TSOs and develogeESNTSCGE, WindEurope critical path
and T&D Europe} regional / international coordination towards largescale multi
‘ vendor and multi termina
HVDC systems in Europ
A o o A e s g A A e A A s ' he f . LR - . -
AROET T TET OAOOAT OET T AOT 1 OEA % OUCHACICIEEE GEliE 608 £ | |

‘ O7A AOA EAO
OEEI Co

HORIZONCL52022D3-01-097
Real Time Demonstrator of MuliWendor MultiTerminal VSEHVDC
with Grid Forming Capability (in support of the offshore strategy)

Inter
OPERA i nteroper

Enabling multi-vendor HVDC grids




InterOPERAS objective iIs to de -risk the multi -vendor multi -

terminal HYDC 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

F Between TSOs, wind developers, HVDC manufacturers and WTG manufacturers

A coordinated approach 4 years part of the broader roadmap
F Engage with potential stakeholders and parallel activities

F Onerational, functiona! frameworks: modular build and standard interfaces
G- v e A E Real project organization and procurement strategies
X . : )
AOAT AxT OEO F Legal basis for complex mulsitakeholder cooperation
 Full scope of engineering activities

E Deliver a market ready solution
F Potential to facilitate tenders to be launched by 2027

» Inter
OPERA interopera.eu

Enabling multi-vendor HVDC grids

Enabling real offshore pilot
projects







