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* Faults in HVDC Grid

« DC fault clearing strategies

 Challenges and important definitions

 Impacts of DC current limiting reactor, fault location
 Fault current interruption by HVDC Circuit Breaker
 Summary

—=
( © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714,
e’y



WP5: TSO Workshop

HVDC Converter Topology

2-level converter Modular Multi-level Converter (MMC)

Half-bridge sub-module
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WPS: TSO Workshop

Faults in HVDC Grid

Discharge from cables
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WP5: TSO Workshop

DC fault clearing strategies (using AC CBs)

b-Al b-C2
< — <
G RGN @y
C-Al

* Entire DC grid shut down for
up to several hundreds of
milliseconds?

@
SRaaCi Ol

—=
( © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714,

=

b-B1 b-D2




WP5: TSO Workshop

Fault clearing strategies (using converters)
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WP5: TSO Workshop

Fault clearing strategies (open grid using dc CBs)
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WP5: TSO Workshop

Fault clearing strategies (selective using dc CBs)

b-Al b-C2
¢ __ 200 km — < :
O— o 2\ N | Ep—2
"V V! i
C-Al C-C2
1\ 150 km
. . b-D1
* Only the faulted section is =
. p— |
taken out of service ) N~ g.ﬂ |
vy A I
C-D1
250 km \ll
/ 150 km
C E C-D2 <
p— p— |
O—( — (p—
4y A
B 150 km -
b-B1 b-D2
a"\
( © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714, 8

=



WP5: TSO Workshop

Challenges in DC fault clearing by HVDC CBs

Speed of protection system i
» Could be too late before N
the voltage collapse occur £
Speed of circuit breaker :
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WP5: TSO Workshop

Important definitions (CIGRE JWG A3.B4-34)
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WP5: TSO Workshop

Fault current with DC current limiting reactors
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WPS: TSO Workshop

Voltage at converter terminals
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WPS: TSO Workshop

Impact of distance of fault location
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WPS: TSO Workshop

DC Fault current interruption using HVDC CBs
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WPS: TSO Workshop

DC Fault current interruption using HVDC CBs
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WP5: TSO Workshop

Summary

« HVDC circuit breakers are essential for fast selective fault
clearing in multi-terminal HVDC grid

 Fast discharge of capacitive elements during the first few
milliseconds after fault could be challenge

« Series inductors are used to bridge DC circuit breaker speed of
operation and current interruption capability

 Series inductors prolong time before converters’ terminal voltages fall
below minimum threshold for operation

« System voltage starts to recover not at the end current
Interruption but rather the moment the circuit breaker start to
build counter voltage

« HVDC circuit breaker absorbs not the energy in current limiting
reactor but also the energy coming from the rest of the system
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Thank you for your attention!

Questions?

© PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714,

© TenneT TSO GmbH




APPENDIX

DISCLAIMER & PARTNERS

COPYRIGHT PARTNERS

PROMOTioN — Progress on Meshed HVDC Offshore Transmission DNV GL (Kema Nederland BV), ABB AB, KU Leuven, KTH

Networks Royal Institute of Technology, EirGrid plc, SuperGrid

MAIL info@promotion-offshore.net WEB www.promotion-offshore.net Institute, Deutsche WindGuard GmbH, Mitsubishi Electric
Europe B.V., Affarsverket Svenska kraftnat, Alstom Grid UK

The opinions in this presentation are those of the author and do not Ltd (Trading as GE Grid Solutions), University of Aberdeen,

commit in any way the European Commission Réseau de Transport d‘Electricité, Technische Universiteit
Delft, Statoil ASA, TenneT TSO B.V., Stiftung OFFSHORE-

PROJECT COORDINATOR WINDENERGIE, Siemens AG, Danmarks Tekniske

Universitet, Rheinisch-Westféalische Technische Hochschule
Aachen, Universitat Politécnica de Valéncia,
Forschungsgemeinschaft fiir. Elektrische Anlagen und
Stromwirtschaft e.V., Dong Energy Wind Power A/S, The
Carbon Trust, Tractebel Engineering S.A., European
University Institute, Iberdrola Renovables Energia, S.A.,
CONTACT 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

DNV GL, Kema Nederland BV

Utrechtseweg 310, 6812 AR Arnhem, The Netherlands
Tel +31 26 356 9111

Web www.dnvgl.com/energy

—
( © PROMOTioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714, 18

=


mailto:info@promotion-offshore.net
http://www.promotion-offshore.net/
http://www.dnvgl.com/energy

