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Inter
OPERA

Enabling multi-vendor HVDC grids

Start date End date
1 January 2023 30 April 2027
- ]

Enabling multi-vendor HVDC grids

Interoperability standards
Real-time physical demonstrator
Procurement framework

Total cost ~ 70
\/

EU contribution : :

~ 50 M€
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InterOPERA Objectives
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PHASE 2

2027
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Minimum technical requirements for
HVDC and PPMs models and replicas (02

WP1
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Functional specifications for standardised
offline and real-time simulation platforms (02)

processes
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framework and multi-vendor HVDC Grid Systems and et bechrrk o
nteg Subsystems, integrating PPMs (O1 LUH SETHAON SORGINRGT. 2
| ration tests = = 0 verification test system (OB)
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WP1 objectives

* To define documented interface and requirements for
manufacturers converter models and C&P cubicles

 To provide functional specifications for a standardized platform
to perform interaction studies, before implementing and
validating it.

* To establish a standard process for interaction studies

» To adapt and generalize the approaches, requirements and
processes developed for multi-vendor HVDC system
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WP1 content and planning

M1 M6 M12 M18 M24

—

Task 1.1 — Specifications of models / replicas, sim. platforms and studies Task 1.3 -
Development of

Subtask 1.1.1 - practices and
Definition of interfaces and requirements for models and C&P replicas guidelines to limit

interoperability issues

Subtask 1.1.2 - Requirements for simulation platforms to perform interaction studies

Subtask 1.1.3 - Definition of standard process for interaction studies

Task 1.2 -

Preparation of models and simulation platforms - Dry-run of system
integration tests and interaction studies

Subtask 1.2.1 - Provision of template models and control cubicles by vendors

Subtask 1.2.2 - Development of simulation platforms to perform offline and real-time
interaction studies

Subtask 1.2.3 -
Dry run of interaction studies
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Model and interactions studies for MVMT

Long-term use:

 extension of the grid Performing tests with different Sharing models and results

 replacement vendors’ provision at the same time —

 post-event analysis with the same simulation tool

« validation — —

V N AV 4 V

-Tool independant C&P models and replicas Balance between confidentiality (to respect vendors’ IP)
Documentation of interfaces for models: and accessibility (for the system integrator to perform the tests)
Use of the IEEE/ CIGRE JWG B4.82 ->Clear requirements on data accessibility

Guidelines for Use of Real-Code in EMT Models for HVDC,
FACTS and Inverter based generators in Power Systems
Analysis

-Validation against different references
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laskl. 1

Specifications of models / replicas, sim. platforms and
studies

* Requirements for EMT offline models, SiL models and C&P replicas
 AC/DC converter stations,
» DC switching stations,
 Power Park modules
 DC Grid controller,

» Type of models, Frequency range of validity, level of details
« Modularity, multiple instantiation, simulation time step, accessibility

* Format of C&P offline models: Tool independant - DLL approach with documented
Interface™

- Fulfilment of requirements are tested with PSCAD, EMTP, RTDS and HYPERSIM

"IEEE/CIGRE DLL interface from Cigre B4.82 (“Guidelines for Use of Real-Code in EMT Models for HVDC, FACTS and Inverter
based generators in Power Systems Analysis”)
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Building an MVMT system demonstrator

C&P

DC Grid
Controller

A full set of requirements has been written to
describe

» Functions to be included in replicas
» Confidentiality management in the HiL platform c&p cap cap c&p
_ _ _ _ Vendor A Vendor B Vendor C Vendor x
 How the interfaces with the Real-time simulators should be b
documented o "

Simulated network on real-time simulator

Communication bus

The target Is to build a real-time simulation test _ﬁ_ ‘ ;E%
setup as shown on the figure L s
M e _-Tﬁ:

I Figure 10 — Principle of the real-time simulation test setup
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Building an MVMT system demonstrator

Replicas, as Hardware-in-the-Loop
or as Software-in-the-Loop
will be provided by:

®©Hitachi Energy EMENS GE VERNOVA

'J[”I Scibreak SuperGrid

bl
Vestads. siemens Gamesa
RENEWABLE ENERGY

Approx. 40 cubicles will be installed in each lab to demonstrate the MTMV concept in
for the demonstrator . / real-time

3
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Demontrator topology
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Offline models and HiL/SIL solutions
planning for development and dry run tests

Jan 24 Dec 24

Multi-vendor
Single-vendor tests

Vendor internal activities

Test program preparation

Tool preparation

Some
interaction

tests - Not electrically tests

connected

Vendor internal activities

Testing activities @vend

Installation — commi

Lab facility preparation

Real-time

Single-vendor tests

Multi-vendor tests
- Not electrically connected
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Offline models and HIL/SIL solutions — Dry run tests

» Checking adequacy with requirements established in the WP1
» Testing models separatly (offline and realtime)

* Type of tests performed:

» System energisation

» Change of operation setpoint (active / reactive power, voltage regulation)

« Grid disturbances (grid frequency ramp, non-permanent fault, grid phase shift)
* Permanent fault to check protection system
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Building an MVMT system demonstrator

Siemens Energy has delivered replica cubicles on July 2024
Supergrid Institute has delivered the DC grid controller in September 2024
Hitachi Energy's cubicles to be delivered on Oct 9th, 2024

Siemens’ replica has been connected to RTDS and Hypersim simulators with identical interfaces

The C&P replica can control an
offshore or an onshore station

jtching Statiof #1

REEE

SIEMENS &
cnercy I

=

SIEMENS Energy C&P replica installed in RTE lab in July 2024 for InterOPERA project

=
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Interfaces between Siemens Energy replica and the
RTS

( Realtime \ ( C&P System \

Simulator y Replica
Breaker & tap position
B < commands n
Digital / Analog signal Digital / Analog signal
el F ] Voltage and current ~ hardwired interface
hardwired interface measurement (AC & DC) R

:l_
~ Input ——>{5@—> Controller ——» Process ———> Output
Q0 L -
[ Number of SM blocked (1/valve) m—
Bipole Number of SM to insert (1/valve)
< -
Aurora - L Aurora

protocol protocol

>

Equivalent SM capacitor voltage
k j (1/valve) \ /
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Interfaces between Siemens Energy replica and the
RTS

( Realtime \ ( C&P System \

g SUBSTEP MODEL TYPE: PHMDS ™ SimUIator Replica
Breaker & tap position
B < commands n
Digital / Analog signal Digital / Analog signal
hardwired interface Voltage and current - hardwired interface
measurement (AC & DC) >
@ ) VX - -
A1VST V51 ’\T/ —
0 —a—>
> aQ J ’]—I \/k ~ Input —&”Q—) Controller = Process ——> Output
@ s %\.{52){ —
A1vE2 sz N/ — ‘
NOTE: WHEN V51 < W52 THEN VS1 AND WS2 ARE ADJUSTED —(— _% . Focdback 1‘
L e avomt Uit et ) [ Number of SM blocked (1/valve) SE—
Bipole Number of SM to insert (1/valve)
Valve aggregated model [1] B < B
Aurora - L Aurora
protocol > protocol

Equivalent SM capacitor voltage
K j (1/valve) \ /

[1] Venjakob, Otmar et al. “Setup and Performance of the Real-Time Simulator used for Hardware-in-Loop-Tests of a VSC-Based HVDC scheme for Offshore Applications.”

(2013) .‘ _
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Siemens Energy replica
BIPOLE CONVERTER (HMI view)

— SIEMENS  “SSeaminter InterOpera - SYSTEM 08:57:29
CNEreY OPERA P2[ omw [BIPP[ omw [PI[ omw | N e~ 02.10.2024
Q2| 100 Mvar | BIPQ| 200 Mvar | Q1] 100 Mvar .
02.10.2024 07:28:38.140 1165212 #101c-¥C01-RF01-UH21-17 NMS SYSLOG ERROR FEE 4 SRV
02.10.2024 08:01:38.065 1169212 $T01Cc-¥CO01-RF0O1-UH21-17 NMS SYSLOG ERROR - | ¥ SRV
02.10.2024 08:28:38.157 1165212 #101c-¥C01-RF01-UH21-17 NMS SYSLOG ERROR - | E SRV
Station A -
-CA20 -CA10
-Qo1 -Qot
-Qco4 -Qco4
uL 415.90 kV .—QBM uL 415.79 kV -QB01
-Qco1 -Qcot
IL 139A -QAD1 IL 139A -QAD1
PIR Temp. PIR Temp.
48°C -QAD5 RA1 48 °C -QAD5 RA1

-QB51

-QB51

Converier Pole 2

Converier Pole 1

Automatic Mode 'II-O_ 'II-O_ Automatic Mode

Not Running -Qco3

Not Running

Decoupled

Decoupled

TD20 Frap

D10 A
OLTC OK OLTC OK
8 T 8 [E

TBO1
UC  260.6TkV _O_||, UC 26069 kV _O'Il
ic 2358

0
-Qcot Ic 235A -Qco

-TB01
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Single vendor tests: pole energisation (STATCOM
operation)
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Single vendor tests: voltage control (weak grid)
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Next steps

* Dry run tests of other vendor’s replicas with RTDS and HYPERSIM

* Interface all replicas to a single simulator and test of their interface with the DC
grid controller

* Implementation of the 3-terminal realtime demonstrator

» Performing the interaction studies
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Thank you for your attention
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