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WP16 - MMC Test Bench Demonstrator

Overview and Objectives of WP16

Motivation:

* Meshed offshore DC systems lead to
novel challenges for TSOs,
manufacturers and grid planners

e EXperience missing concerning
« Multi-terminal operation

* Interaction with the large AC transmission
systems

* Interaction with offshore WPPs

Work Package 16: Investigation regarding
the operation and control of meshed
HVDC system

v' Power Hardware in the Loop (PHiL)
v Control Hardware in the Loop (CHiL)
v' Real-Time Simulation (RTS)
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Objectives:

» Demonstration of applicability of
developed controls and simulation
models of PROMOTioN

» Technical de-risking for the
deployment and continuous
operation of meshed HVDC systems

» Improvement of certainty for road
mapping process and
standardization efforts
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WP16 - MMC Test Bench Demonstrator

Overview and Objectives of WP16

MTDC Test Bench - PHIL Diode Rectifier Unit - CHIL Harmonic Resonance Studies
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WP16 - MMC Test Bench Demonstrator

MTDC Test Bench - PHIL

State of knowledge:
Limited experience regarding the
» operation of MTDC systems

* interactions between MTDC systems, large
AC systems and wind power plants

Objectives:

Investigation of the

« controllability and interoperability

« fault handling in meshed offshore grids

» AC grid support with meshed offshore grids

Expected outcome:

* Increase the confidence in the feasibility of
MTDC operation

 Increase TRL of controls for MTDC systems

s
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DC Hardware Testbench:

4 MMC converter stations
DC voltage: V4. = 400 V
Power: Syyc = 6 kW

Number of Levels per Arm:
Ngy = 10

Monopolar and bipolar
configuration

Real-Time Simulation:

AC Network up to 3000
nodes

Coupling via high
bandwidth power amplifiers

Detailed AC grid models

Detailed wind farm models
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WP16 - MMC Test Bench Demonstrator

Diode Rectifier Unit - CHIL

State of knowledge: Expected outcome:

v'Islanded control concepts for DRU * Increase in confidence regarding the control of
connected offshore wind farms DRU connected wind farms

» Focus on aggregated or partially aggregated » Development of black and brown start
wind farm representation operation for wind farms in islanded control

* No experience between the interaction of
protection relays and DRU connected WFs

Diode Rectifier Wind
o Unit Power Plant
Objectives:
Demonstration of the operation of — Ve ‘
DRU-enabled wind turbine control ZS
systems X %@ % ) WTG CHiL
« in multi-terminal HYDC systems [ 5 =
 with actual wind turbine controls Offshore [ (¥ =) :
_ _ _ DC Network }— A @g OWF CHIL
» with commercial protection [ ZS | s |
hardware
< Protection Rela
L /
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WP16 - MMC Test Bench Demonstrator

Harmonic Resonance Studies

State of knowledge:

* Increasing penetration of active components
in transmission systems

 Harmonic oscillation between offshore wind
turbine and HVDC converters

Expected outcome:

 Validated impedance models of wind turbine
and HVDC converters

» Better understanding of harmonic stability,
especially in offshore grids

Objectives: Flexible Power Grid Laboratory (@ DNV GL)
* Development of frequency dependent Disturbance
impedance models of wind turbines and 200 kW - PA
HVDC converters o g Real
_ . Wind Turbine
 Extraction of the frequency behaviour of a Converter (T4)  FRESTST
(real) wind turbine converter and of the — . . :
MMC from the HVDC test bench ~ ‘T
« Analysis of harmonic stability and potential — e
interactions of active components and the :
AC grid ! 159 DC Grid Emulator
AC Grid Emulator
e
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WP16 - MMC Test Bench Demonstrator

THANK YOU FOR YOUR ATTENTION

Partners of WP16:

Technical
D' TU. Uenciv]:.-]rcs?ty of

@ Denmark DNV-GL

Institute for
High Voltage
Technology

> UNIVERSIDAD
;) POLITECNICA
DE VALENCIA
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APPENDIX

DISCLAIMER & PARTNERS

COPYRIGHT
PROMOTioN — Progress on Meshed HVDC Offshore Transmission

Networks
MAIL info@promotion-offshore.net WEB www.promotion-offshore.net

The opinions in this presentation are those of the author and do not
commit in any way the European Commission

PROJECT COORDINATOR

DNV GL Netherlands B.V.
Utrechtseweg 310, 6812 AR Arnhem, The Netherlands

Tel +31 26 356 9111
Web www.dnvgl.com/energy
CONTACT

Philipp Ruffing
WP16 Leader
ruffing@ifht.rwth-aachen.de

PARTNERS

DNV GL Netherlands B.V., ABB AB, KU Leuven, KTH Royal
Institute of Technology, EirGrid plc, SuperGrid Institute,
Deutsche WindGuard GmbH, Mitsubishi Electric Europe
B.V., Affarsverket Svenska kraftnét, Alstom Grid UK Ltd
(Trading as GE Grid Solutions), University of Aberdeen,
Réseau de Transport d'Electricité, Technische Universiteit
Delft, Statoil ASA, TenneT TSO B.V., Stiftung OFFSHORE-
WINDENERGIE, Siemens AG, Danmarks Tekniske
Universitet, Rheinisch-Westfélische Technische Hochschule
Aachen, Universitat Politecnica de Valéncia, SCiBreak AB,
Forschungsgemeinschatft fur. Elektrische Anlagen und
Stromwirtschaft e.V., @rsted Wind Power A/S, The Carbon
Trust, Tractebel Engineering S.A., European University
Institute, Iberdrola Renovables Energia, S.A., European
Association of the Electricity Transmission & Distribution
Equipment and Services Industry, University of Strathclyde,
ADWEN Offshore, S.L., Prysmian, Rijksuniversiteit
Groningen, MHI Vestas Offshore Wind AS, Energinet.dk,
Scottish Hydro Electric Transmission plc, SCiBreak AB
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