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Who Are we? - the National HVDC Centre Q TheNationa

e Part of SSEN-T, partner of SPEN, NGET, and NESO
‘:ﬂ 8% * De-risking the adoption and evolution of HVDC networks
’O % * HIL-testing, simulation and training for HYDC
" e Supporting commissioning and operation
%%“'C'ty R  Hub for HVDC knowledge exchange, expertise and innovation.
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Beyond 2030 — Electricity Transmission Update (D Foc cenre
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e (Context:

Future HVDC in GB & .
» The Pathway to 2030 Holistic Network Design (2022): 44 GW of offshore wind by mid-2030s - 51 2

* Integrated network design to unlock Clean Power 2030
* Enabling the large-scale delivery of offshore wind — Target

of 23 GW offshore wind o
> Beyond 2030 (2024) il
> Further 21 GW of offshore wind from Scotland o e S g/,:
e Current Status (NESO update June 2026): e
> Simplified project configurations ————— f%(

» High capacity offshore HVDC links off the eastern
and western coasts => large volumes of RES from
North Eastern Scotland into Northern England, the
English Midlands and further south.

» Strategic onshore reinforcements across northern
England, North Wales, the Midlands and Southern
England => more interconnected and flexible -
transmission system o

1 -
{ L \
- - e 4
- * ~ of
. Rt B
\
A
. ¢ B A
7 . 3 « <
*
e . .
-
S i <
y {
¢ $
L YY)
: (
Page: 3
-y N



https://www.neso.energy/document/384126/download
https://www.neso.energy/document/384126/download
https://www.neso.energy/document/384126/download

Aquila Background in 2022

———
e Context:

» Enabler of target towards “net-zero”

» Offshore HVDC transmission network to
utilize massive wind power

> Multi-Terminal-Multi-Vendor Offshore
network as a business case

e Context:

» De-risk future procurement,
development and operation

» Interoperability with control
interactions

» Simulation benchmark for MTMV using
RTS

» Tender spec and grid code

AC SYSTEM
........ AC - DC CONVERTER

HVDC SWITCHING STATION

MULTI-VENDOR, MULTI
TERMINAL OPPORTUNITIES
FOR CONNECTION

INTERCONNECTOR
(NORTHCONNECT)
TO NORWAY

SIGNIFICANT ASSET SAVING
AND COST AND
ENVIRONMENTAL BENEFIT
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Source: National Grid Interconnector Register 2021


https://vimeo.com/722976957

Aquila Project (D Foc cenre
* Project Aquila brings together major HVDC vendors and GB TOs/SOs

— Develop a practical control architecture and testing framework for multi-terminal,
multi-vendor HVDC interoperability

 The GB HVDC Interoperability Expert Working Group: GE Vernova, Mitsubishi Electric,
Hitachi Energy, Siemens Energy, and TOs

— Review control strategies, testing methodologies, specifications, and vendor progress.

 The National HVDC Centre leads the Aquila Interoperability workstream. HVDC OEMs
provide the HVDC Centre with IP-protected, real-time “black-box” converter station
models

— Stability assessments and real-time interoperability testing to demonstrating of
reliable operation of MTMV

— Preserving vendor confidentiality.
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https://vimeo.com/722976957

Project Scope O Thetatona

—

Industrial Engagement

I I | " aademic
| Ri . u—i . | cademic |
| DeteriMeeting [ WorkingGrou ST bngagement -
feedbacks Update N "‘:::"--.. Drive
Update Adjust Undat Feedback  Theoretical "==o. "=
&. Reflect &. Test P & Adjust Support ‘--..___::-..__.
bl ¥ N te.
77777 Standalone test | Methodology Development
Soreark S |/T 2 frequency scan | RTDS Simulation
Simulation Test \ """ \a;blt_:__
ariable Lases
v e L M : " SteadyState ! Static (Equilibrium) | ynamic {small-
........................... Global DC Voltage Control ; il —> i i ity |
Single Vendor Model Onevenderafter | | Standalone test | Co-leulatlons Lead oba oltage Lontro . ... Stability | ______Stability signal) Stability
Simulation Tests ____another " andfrequencyscan =~ ' between venderand < Status Monitoring ; Refining
. generic model | i : " Without DCfault
v T Asymmetrical Operation (Neutral Supervisory ! Transient State | (Pow::Rampa:C .
: T ] Current Management) | Control i Stability | Fault-ride-th . h Stablllty
Multi-Vendor Model i . __Fault-ride-through) :
Simulation Test Load flow optimization Functions rinthI.DrCFaul‘;(o[.lt Methodology
,,,,,,,,,,,,,,,,, ofscope)
Derive
. ' . — — — — — — — — — — Consensus
. Slr.nulatlon re.s.ults . Verify ol Design Objective 'I<
(Validation of specific design) Principles of Converter I
Specification — Assessment Protocol I
| Project Outcome |
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Key Challenge of Interoperability - Control Interactions ) WVo¢ Conve

How to coordinate HVDC
converters? ~

Functional Design and Specifying

TSO to define, vendor to deliver
*This shall not be defined by one vendor, or
other vendors may find them disadvantaged.

15t vendor
supplied converter
in black-boxes

n-th vendor
supplied converter
in black-boxes

----#------

How to ensure and specify black-
boxes to guarantee stability (and
robustness) of a DC grid?
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The National

Proposed Vendor Agnostic Design Framework @ HVDC Centre

Control Architecture Neutral Current/
Voltage Control
Defined z white-boned Difined = blacl-boxed -——)p 110
i — ommancs by _ .y . ———
e Tereamieass ., COnverter Positive/Negative Pole | ___ "~ s e i
E I from upper level via R=Z|_, I T * “§%
Station 1 [} Positive Rile \\~ : station level control > 7(s) : 10 "
1 Contml |} 0 + f
Q0ms) |} [ Comera I + N : ‘>?_>7 PI
/ i Negahwm I é T i - nellnral volt.age
/ E: : from station + Idci Electrical : at i-th terminal
L ‘e I level control Viei interface |
Mutti- [ Comter ! : A Vyop l : Power Control
Wide Area Terminal Stationi | = I i - I
Control — Control C‘l;ﬂtfd- : : VN : 1/0 n
G0 e S S ey ) o s -
= H - el LN P refi
k., ~~~E. I ——--—————________ 1/0
:h~ -——’ = : AVreﬁ—,
\x o=~ v . Pistps p
. Gavenm | [NPUL VS the summation of all outputs of upper-
Station m V= .
Bipolar Control at p Cond E— level MTC control functions:
Station Level “Plveswm:| 1. Neutral voltage (current) control (Station Control) DC Voltage Bias Control
AV epie 2. Power control (MTC) Vi
AV g e ++ Ve 3. DC Voltage bias control (MTC) AV
AV refis,con *Functions 2 and 3 bring better robustness than 7,

relying on power flow only.



Three Stages in Multi Vendor Multi-Terminal Test () Theaer

@ AC-DCCONVERTER

Generic Model Test P

‘“’ HVDC SWITCHING STATION

MULTI-VENDOR, MULTI
== TERMINAL OPPORTUNITIES
FOR CONNECTION

Single Vendor Test

( SIGNIFICANT ASSET SAVING
R AND COST AND
1 % ENVIRONMENTAL BENEFIT
1\

Multi-Vendor Test




Generic Model Configuration () Melun
—

*  4(5)- terminal bipolar HVDC system
OPERATOR FORUM 2026 - LIVE DEMO

! Control

=
1 . - Enabled
|

* Objectives: Enan.ed,i

Terminal-to-Temina

‘Commom Mede

— Control architecture functioning? |

— 4 onshore bipOlar terminals Power Real-Time Simultion of Mult-Terminal HVDG
F:Ltr?‘ | STATIONPHT 77 S - generic model developed by "Aquila Interoperability” project R . Punvcr;(reorI
— 1 bipolar offshore terminal as an option L a1 e i,i'SFT“ﬂ'g'ggfé: 0
| . | | @ e
* Topology: Star Connection NeuralCurtnt | ; ; . : .
GControl | - | : ! : Neutral Current
i = | T . . L | Cono
— Pa rt|a| DMR Disabled - ’i‘ :___ o ___N_uuu_w_o.o_uuu_mivf.m_uuf - _ |OOMMW ey | i DD;mP:;W i '.__ i . Disabled
* 3 bipolar sections with DMR e TR o R
. . . . C%“I’ RIGID BIPOLE M -:E 1| poom E ém - i & e e wTamones ! (;Pgr\#gl
* 1 bipolar section without DMR e | @) ! T e g e RS
* 1 offshore terminal (optional) without DMR Neutal volage| L i i | T
S — 1 1 T 1 ' Neutral Current

— Steady state Stability framework reliable? Neural Voltage | !
T ! EVENTS:
— Framework of control specification viable? E““'“”M: e | E e
*  Modular design and converter ready to be replaced by | R R I g comol { )\ The National PSTPpoiv“:rrsoonr:tr:jIEE\naabt:;d(ijﬂlol\Tv\C;) Legend
vendor’s model e HVDC Centre PH1 Positive pole Blocked —
T ki SP Neutral Control - Enabled et
* Automation available for traversing a range operational e ——oWF

+
0see 10sae 20w

scenarios
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Single Vendor Single Terminal (SVST) Test () e teticr

RTDS Rack Compatible?
Simulator Hardware Ready?

Simulation software (RSCAD
version, timestep) compatible?

Simulation Environment

Simulation interface ready?

. : . Completed for 2
Single-Terminal Test: function [ 4 vendors

delivered? |I/O controllability : Undergoing for 3rd
precise? time-domain stable? vendor

Frequency Scan and _ o . Towards
Multi-terminal Interaction criteria achievable? - end of 3-
Stability Prediction Unstable cases captured? .vendo.r
(optional) s-lmulatlon
Scottish & Southern

Electricity Networks
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Multi-Vendor-Multi-Terminal (MVMT) Tests() e tiow

Single Vendor Multi-
Terminal (1VMT) Tests

Two-Vendor Multi- Multi-Terminal Tests

Terminal (2VMT) Tests

Three-Vendor Multi-
Terminal (3VMT) Test

e To accelerate the process, we may skip single- and two- vendor tests in next steps
« 1VMT and 2VMT may serve as an optional diagnostic procedure for three-vendor tests
e Offshore HVDC remains generic and optional

Scottish & Southern
Electricity Networks
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RT Black-Box Testing: 3-Vendor-4-Terminal Model

f \ The National

\ / HVDC Centre

|
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Real-Time Simultion of Mult-Terminal HVDC

DC SWITCHING

|
|
STATION |
|

- generic model developed by "Aquila Interoperability” project
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Terminak-to-Terminal
Commom Mode
DC Voltage control

f \ The National

\ / HVDC Centre

Refrence Paper is avaiable on
HVDC Centre Website
Contact: dong.chen(@sse.com

EVENTS:
Running
OWF is at Rated Power
PH1 Power Control Enabled (+500MW)
SP Power Control Enabled (+500MW)
PH1 Positive pole Blocked
SP Neutral Control - Enabled

FH1 Meutral Control - Disabled

7 Control

|| STATIONPH2 |
“ . - Disabled

I
I
I
I
| Neutral Current

| Control

o ———
I - Disabled
1 -

- Enabled

Legend
= PH1
— PH2

ENG1
— SP
. OWF

e 2 Terminals to be
supplied by
Vendor A;

1 Terminal by
Vendor B

1 Terminal by
Vendor C

GTSOC-based black-box

models (SIL):
«  GTSOCv1
«  GTSOCv2

Cbuilder embedded
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f \ The National

Multi-terminal Multi-vendor VSC HVDC demonstration. \. 4/ HVDC Centre

—

*  What we have done-

World firetd o Specifications- layouts interfaces, data, MTMV Control specification and testing
orld first demonstrations design (Q2, 2024/5) (Q3 2024/5)

- o OTESOn

- L T,

h s~ mins
Power lne

b

TSO defined

vendor

L ey DN LTI

Enables contracting, consenting, delivery

Patent protection, legal commercial review

§ Scottish & Southern /7 N} The National (Q4 2024/5) 7
Electricity Networks  §\ / HVDC Centre

4
Multi-Vendor Multi- This Patent covers an advanced control system for coordinating HVDC converters supplied by g 00—

TRANSMISSION Terminal Control different vendors in a multi-terminal configuration. This enables smooth power flow orchestration §
@ GE VE RNOVA M-rSLBISHI between all inals- prioritising stable operation intact and post-fault. & 40—
! 200 —|

Multi-Vendor Multi- This Patent allows operation across unbalanced conditions across a range of configurations and 0—7 r —— ¥ - [T 003 "
— Terminal Operability outages to maximise the availability of an integrated HVDC grid. 550 0o i 7 fr=—— - S P el
o0 ) 001 002 s P
- - conductance’s
@ H Itach l E nergy Multi-Vendor Multi- This patent provides a mathematical proof of network stability that can then be monitored in real
Terminal Stability time- and provides a basis for clear specification of an vendors’ convertor interface to a DC network Enab/es CI ea r ro | eS& res po n Si bi I iti es &
1
* Moretocome! : : s
Enables legal & commercial space for interoperability assured performance
SIEMENS
® More Vendors CNEreY Aquila Interoperability Package DCSS hub and associated design | Aquila Commercial and Legal package.
and specification
° More projects (offshore hubs & onshore hubs- GB Lead by HVDC Centre (September Lea:-i by S-SEN-T HVDC Lead by SSEN-T Innovation, Comercial,
L 2021- April 2024 ) engineering team (September legal and procurement teams in
and continental Europe & beyond) 2021- April 2024) ;if;ﬁ;f:(‘:gnlgz“::ﬂ;
Vendor Agnostic multi-terminal control, Tender pre-engineering, Requirements at tender & contracting
control interface specification, design specifications, layouts, design at  phase, liabilities and responsibilities
input. Associated test & demonstration vendor agnosticlevel. allocations, how to manage “switch
approach on” and lifecycle support thereafter.

agnostic delivery. Respects vendor IP as  engineering documents enabling of readiness to contract and manage
in real industrial project. Tested interoperability multi-vendor solutions.
demonstration across vendor replicas Uthern

m Patented approach protectingvendor  Planning, tender and contractual Independent review and assessment

BaFf L\T-livily IneoWOorks
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Thanks for listening.

Any questions, please?

O For further information, please visit www.hvdccentre.com ; OR email: info@hvdccentre.com/

Follow us on Twitter @HVDC Centre GB

The National
HVDC Centre Follow our Linkedin page The National HVDC Cenfre for

regular updates.

(


mailto:info@hvdccentre.com

	Slide 1: RTDS UG 2026  De-Risking Multi-Terminal, Multi-Vendor HVDC Interoperability: The Aquila Experience    October 2026 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Project Scope
	Slide 7
	Slide 8: Proposed Vendor Agnostic Design Framework
	Slide 9: Three Stages in Multi Vendor Multi-Terminal Test
	Slide 10: Generic Model Configuration
	Slide 12: Single Vendor Single Terminal (SVST) Test
	Slide 13: Multi-Vendor-Multi-Terminal (MVMT) Tests
	Slide 14: RT Black-Box Testing: 3-Vendor-4-Terminal Model
	Slide 15
	Slide 16

