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AbOut SC'Break Enabling the Supergrid .

SCiBreak develops technology for fast circuit breakers for use in DC and
current-limiting AC applications.

SCiBreak AB was founded in 2014 as a spin-out from
KTH Royal Institute of Technology, Sweden.

The name is derived from “Short-Circuit Interrupter/Breaker”.

Currently around five people (full/part-time) working out of premises outside
Stockholm.

We are supported by the Swedish Energy Agency,
Svenska Kraftnat —the Swedish National Grid, and
European Institute of Innovation and Technology — EIT Innoenergy.

PROMOTioN EU2020 Project Partner.
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Enabling the Supergrid .

The need for DC circuilt breakers

HVDC Point-to-point connections HVDC Grid
(state of the art)

(future)

HVDC breakers

cost ~10 M€/pe "~
._
.
N/ N/

HVDC
AC GRID

-.. Converter stations
cost 100--200 M€/pc T DVZ N
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The need for DC circuit breakers oy e per®

DC grids can have very high short circuit current levels
e |ow resistance

e Iinductance only lowers di/dt, not peak current

e more interconnections — higher current

:7 > _':_

DC circuit breakers needed to
e |imit short circuit current levels
e [solate faults

RID:
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.\/\/\/\/\/\ SCiBreak
Interrupting (non-zero) current Enabfihg the Supergrid

A counter-emf exceeding the
driving voltage in the circuit must
be inserted.

system

An energy absorbing device T
(typically an MOV) is required for
taking care of the magnetic energy.

line

— U, .
Ubreak ‘ MOV U

system
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“/\/\/\/\/\ SCiBreak
|nterrupt|ng (non_zero) current Enabling the Supergrid

Semiconductor-based breakers main switch (fully rated semiconductors)

Fully rated semiconductors é—é L L
O rm W 4

o Semiconductor losses in on-state

®» Lossy, costly _:ZT

MOV
Hybl’ld bl’eakel’S aux. dc breaker
Combi hanical and a e
o om ines mec amca an YN P
semiconductor switches ultra-fast disconnector
o Almost lossless while closed
_ N R N R
o Fully rated semiconductors

» Costly ﬁ _Z_

main switch (fully rated semiconductors)
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Enabling the Supergrid .

SCiBreak’s Technology



.\/\/\/\/\/\ SCiBreak
Breaking Capabmty Enabling the Supergrid

Semiconductor vs.  Vacuum Interrupter

Infineon IGBT Tavrida Vacuum Interrupter
FZ3600R17HP4 B2 ISM25 LD 1

Type Unidirectional DC Bidirectional AC

Continuous load current 3600 A* 800 A

Blocking voltage 1700 V 125 kV

_ _ 17 MVA 2000 MVA
Max. interrupting current ~10 KA 16 kA
Price ~1200 € ~1200 € ,
, _ ]| 8 9

*with cooling B ———
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‘\/\/\/\/\/\ SCiBreak
Existing fast DC breakers e e

Active current injection using capacitor discharge

VI

Resonant
Circuit

e

HV ZeTO
ClOSiIlg crossing
switch

Y

v’ capacitor precharged to high v’ capacitor stressed by continuous
voltage voltage
v’ needs high-voltage switch to control v one-shot solution

discharge operation v" no control of di/dt RIDE= 10
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Enabling the Supergrid .

—

VSC-assisted Resonant Current (VARC)

. i

Conventional vacuum interrupter > .
with fast actuator. %

VI & actuator
Series-resonant circuit excited

by voltage-source converter. " Q
" I I |

Metal-oxide surge arrester. 4¢

MOV

RIDZE
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.\/\/\/\/\/\ SCiBreak
VSC-aSS|Sted Resonant Current Enabling the Supergrid .

(VARC) Interruption
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VARC Breaker Module nabling the Superarid _

e 40kV TRV
e 10 KA interruption
e < 3 ms to neutralisation

size: 2.2x1.7x1.6m
weight: 800 kg
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VARC Interruption
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Enabling the Supergrid

interrupter voltage
converter voltage

\

I—Iine_& (-?res
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Data from testing at DNV GL in Arnhem, June 12th 2018
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.\/\/\/\/\/\ SCiBreak
. Enabling the Supergrid
VARC Interruption — close-up b
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Data from testing at DNV GL in Arnhem, June 12th 2018
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—~ SCiBreak

Enabling the Supergrid

SE S S

VARC HVDC CB Testing

* PROMOTioN
PROGRESS ON MESHED HVDC
OFFSHORE TRANSMISSION
™=/ NETWORKS
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80/120 kV, 15 kA SCiBreak VARC
circuit breaker (3 modules in series)

12 KA interrupted against 120 kV MOV voltage
in less than 1.5 ms.
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Enabling the Supergrid .

Current Activities
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VI with ultra-fast actuator g e e

e Thomson coil-based actuator
* Open (6mm) approx 1-2 ms.

« Powered by thyristor-discharged capacitor bank
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.\/\/\/\/\/\ SCiBreak
Advantages of VARC Enabling the Supergrid

* low number of semiconductors (one 10th of bidirectional semiconductor string for full
MOV voltage)

* only vacuum interrupter in normal current path

* |ow stress on passive components in normal operation

* mostly uses standard off-the-shelf components (VIs, standard power electronics)
* converter commutates at zero current

* automatic adaptation of current pulse amplitude to interrupted line current

* operation is independent of line voltage before fault

* fastreclosing is possible

RIDE
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~~ N\ \/\ SCiBreak
Speed & Energy Enabling the Supergrid .

e All(?) proposed DC circuit breakers have limited current interruption capability.
e Current rate of rise must be limited, often by inductors which increase cost,
size and losses.

Trade-off between maximum interruption current and speed,
where speed is generally more important.

Faster circuit breaker allows interruption at
e lower current — lower dissipated energy
or
e same current, smaller series inductance — lower dissipated energy
lower steady state losses

HVDC circuit breakers operate in 2 — 5 ms, too slow for MVDC?

2RIDE
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‘vv\/\/\/\ SCiBreak
. . Enabling the Supergrid
Hyperride Project —

e Hyperride — HYbrid Provision of Energy
based on Reliability and Resiliancy via
Integration of Dc Equipment.

e Horizon 2020 project 2020-2024

e Focus on demonstrators and
high technology readiness level (TRL)

e SCiBreak to build:

o 5kV DCCB for demonstration in Aachen
MVDC grid.

o 14 kV DCCB in collaboration with EATON

SCiBreak VARC I%j:*ut
[ (=

breaker concept
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