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Agenda

13:00 — Valkommen

» Susanne Stjernfeldt, Energiforsk
* Ambra Sannino, DNV

13:15 — Vad ar MVDC och vad ar fordelarna?
e Lucas Thomée, DNV

13:50 — Paus

14:00 — MVDC - Status teknik och losningar
Frans Dijkhuizen, Hitachi Energy

Patrick Alila, Siemens Energy
» Jesper Magnusson, ABB
» Bence Hatsagi, Scibreak

15:00 — Panelsamtal
* Moderator Ambra Sannino, DNV

15:30 — Avslutande diskussion
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Praktisk information

* Alla lyssnare pa "mute”

» Fragor i chatten
 Aktiva lyssnare
» Adressera vem fragan riktar sig Hill

 Fragor efter varje presentation samt under paneldebatten
» Hanterar sa manga som mojligt under webbinariet

* Eventet spelas in

» Menti for ett par fragor
* www.menti.com
« Kod: 5139 5936
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Likstrom | dlstrlbutlonsnat

MVDC - Teknisk & Ekonomisk genomforbarhetsstudle

Lucas Thomée i 7 Projektet finansieras av |
Ambra Sannino e 2 Rad: Elnat, Vindkraft och Solel
den 23 maj 2023 e Lz Programmet Risk- och tlllforlltllghetsanalys 2021 2025



Varfor likstrom? (DC)

Likstrom (DC) anvandes i elektricitetens barndom (ca
1880) men vaxelstrom (AC) tog snabbt dver ::+

ldag finns DC inom bade produktion och konsumtion

Mojlighet att konvertera AC-DC-AC via kraftelektronik
* Frekvensomriktarens framsta fordelar:

» Mojlighet att styra aktiv- och reaktiveffekt oberoende av varandra

» Fasstrommen ar begransad till komponenternas markstrom AC-nit 1 r\’_ # =m AC-nit 2
» Kostnaden och dkade forluster ar nackdelarna
» DC anvands framst inom hogspanningsnat (HVDC)
—l~y . F= —
/= —/~—

Ar det tekniskt mojligt och ekonomiskt fordelaktigt att tillampa likstrom pa mellanspénningsniva? (MVDC)
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Om MVDC-projektet

Teknisk och ekonomisk genomforbarhetsstudie —

DNV

Projektteam

Ambra Sannino

Lucas Thomée

Daniel Karlsson

Henrik Hemark

Alexander Svensson

2021-2022
Referensgrupp
VATTENFALL g | Vattenfall
% Ehwhstyel Skelleftea Kraft
kraftringen | Kraftringen
OB s | ESEM
AL DD
fal 1) ABB
@) Hitachi Energy | Hitachi Energy
. . .
e @ Elinorr | yamtkraft & Elinorr
EI_I.EV:C Ellevio
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MVDC — TEKNISK OCH EKONOMISK

GENOMFORBARHETSSTUDIE

RAPPORT z022:880

Energiforsk

Energiforsk =—F0wv



Rapportoversikt

Introduktion

Varfor likstrom (DC) och MVDC?
Nulagesanalys: Projekterfarenhet
Komponenter i ett DC-system
Reglering

Applikationer i distributionsnaten

N o a A e dh -~

Slutsatser, risker och rekommendationer

Rapporten finns tillganglig pa Energiforsks hemsida:
https://enerqgiforsk.se/media/31680/mvdc-teknisk-och-ekonomisk-
genomforbarhetsstudie-energiforskrapport-2022-880.pdf
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MVDC — TEKNISK OCH EKONOMISK
GENOMFORBARHETSSTUDIE

RAPPORT z022:880

Energiforsk
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Ol I ka MVDC kOnCe pt MVDC = likstrém mellan 1,5 (0,75) kV och 100 (50) kV

1. MVDC Back-to-Back (B2B) 2. MVDC point-to-point (P2P) 3. MVDC distribution (1 niva)

TR B——F B

4. MVDC distribution (fler an 1 niva) 5. MVDC nat

HV AC
~y = —
= /H g — ] —
= = ~ Battery
= = storage @
~y
= [
Y

MV DC 1 MV DC 2 ‘

MV AC

0
¥

4
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Avgransningar | projektet

» Konfigurationer:
* B2B och P2P ar lampliga att realiseras i nartid

Back-to-back (B2B)

VN IT=
=|T1 (¥

Point-to-point (P2P)
8" —_

= — = 7/ H H A=

* Mer komplexa konfigurationer kraver komponenter som
inte ar kommersiellt tillgangliga

Radiell distribution med flera
spanningsnivaer

Maskade nat

» Applikationer:
* Fokus ar pa MVDC for allman distribution

« Applikationer i byggnader, datacenter, industrier, samt i
vind-/solkraftsparker exkluderas

« Tillampning i dessa ovriga applikationer kraver
omfattande férandringar i apparaterna och férutsatter
en Odverenskommelse mellan annu fler aktérer

-
©9 aa
| BO®

adjustable-
speed drives

MVDC = likstrom mellan 1,5 (x0,75) kV och 100 (£50) kV

Battery E|
storage
==X
MV DC 1 MV DC 2 a
_>
_>
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Projekterfarenheter MVDC — Aktuella exempel

» Flexibel Power Link (FPL): skapa flexibilitet i natet
via kombinerad spanning- och effektreglering

(MVDC B2B)

Bamstaple 13233 kV

substation
b1l
33kV i i Other circuit
Solar
€ "%
P
South Molton
3311 kV
y

/

DNV © DEN 23 MAJ 2023

Taunton 132/3
substations

Exebridge
33/11 kV

Taunton

Exebridge

FPL har frigjort upp till
20 MW natkapacitet
som kan anvandas till
att koppla in ytterligare
distribuerad generering

HITACHI ARB

WESTERN POWER%
DISTRIBUTION

Serving the Midlands, South West and Wales

» Angle-DC: natférstarkning till ett avlagset omrade
via ombyggnad av en befintlig 33kV-ledning till DC
(MVDC P2P)

GE Strengthens Power Supply in Anglesey
Project is first of its kind across Europe

ANGLESEY
£27KVDC to 33KVAC
BANGOR
33KVACto £27kVDC |
SP ENERGY
m NETWORKS

- % CARDIFF

. UNIVERSITY

PRIFYSGOL
(CARDYD

Energiforsk =—F0wv



Kritiska komponenter for MVDC

Frekvensomriktare

» Tva mdijliga plattformar

PCS 6000

SFC Light

Hitachi Energy MVDC PCS6000
DC-spéanning vid

SFC Light

Kalla: Hitachi energy ESTgV eIy

likriktarstation AC-DC  *2° "3 KV Anpassningsbar
Aktiv effekt vid

omriktarstation DC-AC 20 - 30 MW >50 MW

aubbia ook 0,97 0,96 (utan DC-lank)

(dubbla omriktare)

Projekterfarenhet Pilotprojekt FPL

MVDC Exbridge Nej

Flertal kommersiella Inom jarnvag (banmatning)
projekt inom en rad och pumpvattenkraft (B2B),
applikationer sedan 1998 &ven STATCOM (AC/DC)

Falterfarenhet, andra
applikationer

Skalbarhet Monolitisk, ej skalbar Modular, skalbar i spanning
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Kalla: ABB

* ingen naturlig noligenomgang i felstrotmmen
+ traditionella AC-brytare fungerar inte

 Alternativ:
+ Seriekoppling av konventionella AC brytare
* Mekanisk brytare med slacklameller
* Hybridbrytare
« Kombination av konventionell brytare och omriktarstyrning

Arc C hw
| | | | Interruntore ibrido in DC
— [FTe)
Inteenutiore di Commutatore def canco
Reaftanza limitatrice MBNOVTE tilra rapido

di
ila

corrente resijua
Arc runners

Interrutiore prncipaie

DNV




Fallstudier

* Metodik

1. Identifiera 2. |dentifiera 3. Teknisk 4. Ekonomisk

. tallni
typfall I6sningar jamforelse vardering 5. Sammanstallning

Vad é&r problemet? Hur ska det I6sas? Hur bra &r I6sningen? Hur ser afféarsfallet ut?

- 3 fallstudier analyserades: tva i tatort, ett i landsbygd

« Jamforelse av fordelar, begransningar, risker, forluster, tillganglighet, footprint, kostnad och
paverkan pa intaktsram

 Slutsats: Fallstudie A & B bast |ampade for pilotstudier
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Fallstudie A — tatort

Problem: Hoga kortslutningsstrommar
* MVDC-B2B l6ser samtliga problem i fallstudie A

* Rimligt att fa pa plats inom tidshorisonten fér pilot

+ Okad tillganglighet, styrbarhet i effekt och spanning, stérst
incitament fran ekonomiska varderingen.

- Stort behov av yta

220 kV
3x150 MVA
33kV_A 33kV_B 33kV_C
N/O N/O
~ =
a0 (Ao
X X
MVA | MVDC | fava
56 MW 56 MW
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AC-16sning 1: AC-16sning 2: DC-l6sning 1: DC-l6sning 2:
Seriereaktans Stations- MVDC-B2B DC-brytare
uppgradering

Beskrivning Kortslutnings- All utrustning i B2B-omriktare Brytarna mellan
strommarna 220/33 kv installeras mellan [skenorna A/B och
begransas med stationen och 33 samlingsskenor A | B/C byts ut mot
hjalp av kV natet och C. DC-brytare.
seriereaktanser. uppgraderas.

Fordelar Kortslutnings- Okad Parallell drift Parallell drift
strommarna kortslutnings- mojliggors, hogre | mojliggors, hogre
begransas formagaiall tillgénglighet tillganglighet
Teknologin ar val utrustning som Okad styrbarheten i Inget bidrag till
beprévad. Inga uppgraderas. spanning och effekt | kortslutningseffekt

tekniska risker.

Inga andra
andringar kravs,
som exempelvis i
skyddsfunktionerna.

Teknologin ar val
beprévad, inga
tekniska risker
Inga andra
andringar kravs.

mellan de tva olika
systemen.
Begransat bidrag
till
kortslutningseffekt

Begransningar
& Risker

Forluster

Tillgdnglighet

Footprint

Kostnad
(CAPEX)

Paverkan pa
intdktsram

DNV



Fallstudie B — tatort

Problem: HOoga kortslutningsstrommar + risk for
transsportstrommar

* MVDC-P2P I6ser samtliga problem i fallstudie B och mest
fordelaktig, speciellt om avstandet ar langt

+ Okad tillganglighet, minskade forluster, ingen risk for
transportstrommar, positivt affarsfall.

- Stort ytbehov

220 kV 2 220 kV

1x100-150 MVA @ 1x100-150 MVA
33kV A

N/C TmN/C @ N/C

M 00O N/Cx3 AC cables

3x20

56 MW
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AC-16sning 1: AC-16sning 2: [DC-l6sning 1: DC-l6sning 2:
Seriereaktans Uppgradering |MVDC-P2P MVDC-B2B
Beskrivning Seriereaktanser All utrustningi  [En P2P-lank B2B-omriktare
installeras pa 220/33 kv- installeras for att  |installeras pa
nedsidan av stationerna och |koppla samman de [dndan av 33-kV
transformatorernai | 33 kV-natet tva separata kablarna for att
bada stationerna. uppgraderas. stationerna. sammankoppla
stationerna.
Fordelar Kortslutnings- Okad Parallell drift Parallell drift
strommarna kortslutnings- mojliggors, hogre | mojliggors, hogre
begransas formagaiall tillganglighet tillganglighet
Teknologin ar val utrustning. Okad styrbarheten | Inget bidrag till

beprovad, inga
tekniska risker

Inga andra
andringar kravs,
som exempelvis i
skyddsfunktionerna

Teknologin ar
vél beprévad,
inga tekniska
risker

Inga andra
andringar kravs

i spanning och
effekt mellan de
tva olika systemen
Begrdnsat bidrag
till
kortslutningseffekt

kortslutningseffekt

Begrdnsningar &
Risker

Forluster

Tillganglighet

Footprint

Kostnad (CAPEX)

Paverkan pa
intaktsram
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Fallstudie C — landsbygd

Problem: Spanningsfall och forluster

* | detta specifika fall ar kombinationen av effekt och langd
pa ledning inte gynnsamt fér MVDC-P2P.

« Affarsfallet for MVDC verkar vara svart nar tillgangligheten
inte ar kritisk, som vid distribution pa landsbygden.

Overliggande Nit  m———

Distributionssubstation

 20kv_B  20kv_C 20kv_D

20/10 kv  20/10 kV 20/10 kv
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AC-16sning 1: AC-16sning 2: DC-l6sning 1: DC-l6sning 2:
Uppgradering av | Shunt- P2P-enkel P2P-parallell
ledning kompensator
Beskrivning Ledningsstrackan Kompensering av En ledning ersatts En parallell
uppgraderas med | reaktiv effekt med MVDC P2P P2P-lank
storre installeras vid slutet installeras
ledningsarea av ledningen
Kan vara styrbar
kompensering (liten
SVC / STATCOM)
Fordelar Enkel 16sning med | Minskat Lagre forluster i Minskade
fa tekniska risker, | spanningsfall och ledningen och forluster och
minskade forluster | forluster spanningsreglering | spanningsfall

och spanningsfall
Moijliggor
anslutning av
ytterligare laster

Etablerad teknik och
okad styrbarhet for
att mota okat antal
anslutningar

Begransningar
& Risker

Forluster

vid slutet av
ledningen

Okad
tillganglighet
Okad
styrbarhet

Tillganglighet

Footprint

Kostnad

DNV



Slutsatser

« Ett antal problem i dagens distributionsnat kan losas genom att anvanda MVDC
» Tekniskt gangbara lI6sningar finns idag
» Behovet av kostnadsoptimering av produkter for anvandning inom MVDC ar stort

» Fallstudierna for MVVDC i tatort visar att;

« storsta fordelen ar okad tillforlitlighet
« storsta riskerna ar ytbehov (begransat utrymme i stationerna) och hég kostnad

» Fallstudierna for landsbygd visar att:
* FOor lokalnat finns ingen storre vinning med MVDC (mer lampliga fall kan finnas inom regionnat)
» Ledningsstrackorna ar for korta. Det saknas lampliga produkter inom detta spannings- och effektomrade

« Sammanfattningsvis rekommenderas fortsatt arbetet med applikationerna i tatort
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Tack!

Lucas Thomee e
+46 76 245 5798 +46 72 362 6666 . .

www.dnv.com
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Hitachi Energy- MVDC
Energy transition - Technologies and applications in industrial and distribution grids

Frans Dijkhuizen, Hitachi Energy Research

@ Hitachi Energy



Topics for today HTACH,

Energy transition and flexibility needs

Entrance of power electronics at high pace
Power electronics integration and its applications
Example reference on Flexible interconnection

BN =

®Hitachi Energy



About Hitachi Energy HITACHI

Inspire the Next

40,000 employees

90+ ~250

countries with years’ heritage
200 offices combined

5,500 2,000

sales employees engineers &
& field engineers scientists in R&D

Four Business Units

© Headquarters in ,na Grid High Voltage
Zurich, SW|tzerIand : Automation Products
Grid Integration Transformers
Transport & Infrastructure Services . Asia, Middle East & Africa
Software & Automation .
m Americas

- In<;l93try m Systems
m Utilities = Products m Europe
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Accelerating a fit for the future energy system HITACHI

| /)I'\_ T’ : ‘1 - I ’Jl\ -
" -. ' 0 1 Challenges Technology Solutions
- Accelerated shift from ! .
X fossil-based to renewable _ . .
: power generation Higher power Sustainable, energy efficient
system capacity products & solutions

Increased Power electronics

Electricity will 02 orid compley Digtaliation

Growing electrification of More extreme

be the baCkbone Transportation, Industry system challenges System of systems
= and Buildings sectors
of the entire

energy system 03 Energy systems for the Future

Sustainable energy . .
carriers, complementary Sustainable ¢ Flexible * Secure

e S — to direct electrification Scalable ¢ Reliable * Resilient

4 @Hitachi Energy




Future Power System of Systems — Technology areas

Sustainable products / solutions

SF6-free switchgear
Sustainable Transformer solutions
Energy efficiency

Power Electronics

Semiconductors
Converters
Hybrid solutions (Storage, SST, etc.)

Digitalization

Towards Enterprise Digital Twins (Life-cycle,
automation & system integration dimensions)

Network control (AC, DC, centralized —
decentralized, power to X sector coupling)

Secure communication

A ——
) >0 HVDCMG

Generation Grid

~ Central / traditional Meshed HVDC

HITACHI

Inspire the Next

Industry and large commercial

e s M

Ot

ﬁi Power flow - ol - BEﬁSS for industry
Vi contillar aster contro Statcom -
) system o £7E intensive
Hydro incl. pumped E[‘:]:'EJ + m industry
ﬁ Distributed renewables = ‘a%?mmemlal
Solar & Wind L
Meshed AC BESS for commercial
: oo transmission
Biofuels o 4 Statcom o ojo= S Large DC loads on MVDC
BESSforbulk ;[ X e
Fetisiabli BESS for grid Transportation
support i i i
DC wind turbines Microgrid o Distribution
oo MVDC
) T~ e ﬁ = Ur
X o ) L BESSfor MVDC  giatcom eMobrhty 1
¢ ale Solar & wind microgrids BESS for charge
: : Frequency conversion support
Residential

Power electronics in combination with digitalization is a key enabler to manage the carbon-neutral energy system

O Power conversion system built with power electronics and digital control

@Hitachi Energy



DC characteristics HITACHI

Inspire the Next

Fundamentals

. v" DC voltage designed at peak of ac voltage
Uacpeak v Up to 50% conductor material savings possible
7 Uncrms. v" No line reactive current limitations or skin-effect
v" Lower cable losses
. T . u,Q,f v" More grid flexibility of control
Grid ﬂeX_Iblllty usmg power bc v Increased grid reliability and resilience
electronics and dlgltal A - > 2}:(:3:; v' Easier AC grid interconnections
—— Direct Current ConverteV Cu;mergm v" No added fault currents

Power Transmission
Land or Submarine cables or Overhead lines

v" 30% more power transfered compared to AC at
cos(9)=0.9

v" VAr control in both ends that enables more AC
transmission capacity on existing
neighboring lines

v Creation of margin for feeder power limits
v' Peak load shaving

6 @Hitachi Energy



Trends of distributed energy resources and new role of DSO HITACHI

Inspire the Next

Emergence of D-VRES and D-ESS New role of DSOs

*  The emergence of distributed variable renewable Traditional power system structure Power system structure with DER deployment
energy sources (D-VRES) including rooftop solar and

electric vehicles

= Battery energy storage systems (ESS) which are TTTTTTTe rTTTTT T Two-way
becoming active participants in the electricity system E: : ; : : power flow ; %
— > —, | —
=  The increasing penetration of D-VERS could lead | | — i = %
to a less predictable flow of power in the system, : : : : @ $ @ @@
whic.:h a_ffec.t the traditiona! pl_anning and operation TSO ' DsO ! End consumers TSO ' DsO ! Other Ehd cBRSHiBES
of distribution and transmission networks. e mmm - - E i i e s DERs with DERs
= Increased deployment of D-VRES is expected to . . .
cause congestion, voltage variations and further Conventional roles of DSOs Emerging additional roles of DSOs
challenges in the distribution grid, which must be
actively managed. This raises the need for a change QQ Connection and disconnection of DERs Eﬂ Peak load management through D-VRES
in the role of the DSOs that have conventionally
planned, maintained and managed networks and )
supply outages. =71 Planning, maintenance and management ?If.' Network congestion management
*  DSOs could deepen their role as active system =2l of networks
operators, |n. ad.dltlc.)n to their role as network A Provide reactive power support to TSOs
operators. Distribution system operators could o f
procure flexibility services from their network users, L1 Management of supply outages
tsucéhfas voitagiguppc)tn anfl congestion management , Procure voltage support
o defer network investments. - . . .
$ Energy billing (only if vertically integrated)
=  With the increase in D-VRES a new role of the . L
DSOs will have a significant impact on the way the +/ Technical validation for power market

power system operates

Will the change be so, that the role of the DSO is significantly more complex for most of the DSOs ?

®Hitachi Energy



MVDC Applications HTACH,

Enhance AC grid Increase power transmission Integrate renewable energy

Flexible interconnection of MV AC distribution grid MVAC line upgrading with DC DC system for renewable power integration

1 1 1 =7
E ‘g‘ -o- || [pc ] |pC DC
o Normal open switch I _ g_ = | od /d AC] EB_X
PN —
' = LAC = J it N
D(Q AC| —
[ S e

| ue DC
B | C PC/_ oyl —INAC =S (@i g
. - 4% T Kl

DQ

DC transportation Advance power in Marine DC load and large city loads
LVDC to MVDC in Railways High-efficient power supply in marine & Navy Network for EVCI, datacenter, and DC building
= pC DG C DCI:_ Hr2 ? C
VQE sle AC 0& _A bd| /é : /3//0 1 AC_
o R F e o
od Lod |Dbg DG DG |
| [ | | | I o = | s .
oo = DC D9 a8l [PS PR ES
o= 4 = 2 DJ VDS DC I

nn% 1.5kV nn% 9kV =
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Power electronics and digital integration HITACHI

Inspire the Next

, Some of the functions where PE can influence
= Energy forecast, production and

. optimization planning 8.0 . o . .
Applications = Business KPI dashboards and reports ’@\ Real-time Dlstrlbut!on .Operathn Modgl and Analysis :
o 0o Depends on the device installed in the grid for measurements
.................................................. *.Optimizerevenues
o 4 S = Fault Location, Isolation and Service Restoration: One of the
" Mlon}tor“:‘g and control | 8 key challenge in distribution grid
Digital platform = Bi-directional data flow v p
= Remote access = = Voltage/Var/Watt Optimization: depends on the voltage
C T ) = control equipment and voltage measurement points
4
EMS o i = Distribution Contingency: Load growth, EV charging
= Monitoring and control v
= Optimal power flow SN [ . 7 * Feeder Reconfiguration: For reliability, load shifting, post fault
= Operational and T £ L o )
SCADA maintenance cost reduction 4 ] Coordllnatlc.m of Emgrger!cy Actlong. I?redefmed emergency
i operation with reconfiguration, load shifting, breaker operation
.................................................................................................................................................. A A efc.
= Power grid compliances E:II[IIIE » " Coordination of Restorative Actions: predefined or operator
Control level = Network voltage control Y & defined restoration process, black start, cold load pick up,
10ms — 10s = Feeder and load demand management v = cranking path
..................................................................................................................... Realtime communication g
] . — 5 & =  Monitoring and Alarm: Monitoring and alarm at substation and
Process level * Control various assets, incl. Alela Y S Q .' o some selected location in feeder (e.g., fault indicator)
blackstart, islanding, ride

10us — 10ms through, ...

Controllable energy AC
conversion processors be e

®Hitachi Energy



HITACHI

Inspire the Next

Flexible interconnection. Reference

@ Hitachi Energy



Flexible Power Links HITACHI

reactive pow

Principle Capabilities
U1 ~ ~ UZ — Ga=aaiv \
f1 - - v fz % :\Y"lgmu:34044:44_2 2 4 ﬁ 8 10 12 14 16 18}' 0§ 22

A
v
fal

Static frequency converter decouples electrically the two grids

» Back-to-back power electronic four quadrant voltage source ,,,W
converter (AC-DC-AC)

» Active power cannot be stored but can be controlled

The FPL demonstrated the following achievements

* Release of 20 MW additional generation capacity
* Frequency, voltage and reactive power can be controlled on

. * Enabler for more efficient power balancing across the 33 kV
both converter sides

distribution grid

*  Active harmonic filtering and virtual system inertia «  The device can contribute significant additional substation firm

capacity
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Flexible Power Links — Technical solution HITACHI

Inspire the Next

Technical solution Location
The Flexible Power Link (FPL) is installed in the Exebridge substation
interconnects Barnstaple with Taunton bulk supply point: Barnstaple
* Interconnect generation-dominated grid with load dominated grid \_m‘__

(Exebrlge and South Molton) Bamstaple 132/33 kV Taunton 132/33 kV Iy
« Allow bi-directional power flow control between connected grid substation substation

areas é
* Independent reactive power and voltage control at both grid o= T s - T —

connection pOintS 33 kV i Other circuits i 33 kV

. " . , - Solar Exebridge
Unlocking additional network capacity. Main characteristics ._._@ e g
* Rated active power: +/- 20 MW
L
* Nominal operating voltage: 33 kV Suglj'lﬁ'fl’(l\lfm F\Cl;'l"i—\f
+  DC rated voltage * 2.5 kV = \OP ———
* Rated reactive power: +/- 5 Mvar é) | é T’D |
s Solar

Additional functionality can be added as required Wind p\?l =
*  Grid forming control (Virtual inertia,...) @< W

+ Black-start capability
+ Active harmonic filtering

12 ®Hitachi Energy



Flexible Power Links — Hardware HITACHI

Inspire the Next

Site layout SLD

Transformer in
noise attenuation
enclosure

Converter in Transformer cooler
container Harmonic filters

AC-DC-AC converter

Transformer in one tank

Harmonic filter

DC link pre-charging unit

Converter control and protection, auxiliary power supply

Closed water-cooling system including pump and heat exchanger

OB WN-=-

Converter heat exchanger

13 @®Hitachi Energy



Inspire the Next

Enabling a carbon-neutral energy system through renewable integration, highly efficient end-to-end electrification

n_}% including industry and transport, and our eco-efficient portfolio
4 (( r

Eﬁfh\f{ironrnent z..:ﬁ 0 T DC_F @5‘} v i i

Energy efficiency Eco-efficient portfolio Electrification of Transport & Industry

=

Enabling Energy Systems to actively minimize consequences of unexpected failures

Tt &K 20 ol

Real-time network management Combination of Digitalization Power electronics-based Energy Storage and
for adaptive protection & control and Operating Assets solutions Energy Management solutions

Ensuring safe & secure mission-critical infrastructure with
expert services and a flexible cyber and physical security offering

s D Tif 8 o

Cyber security services Physical safety and security solutions Remote expert services

14 @®Hitachi Energy
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SIEMENS
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A global leader in the energy business

Overview /\ \
Siemens Energy | ( )



Siemens Energy is a
global leader in the

energy business

~1/6 92,000

of global electricity generation employees work as a team
is based on our technology. to energize society.!

. We invest around
We are present in

>90 s €1 bn annually in

research and development.

1 Number of employees as of September 30, 2022




SIEMENS
cnercy

Facts and figures - Sverige

Medarbetare

8 orter med kontor
> 40007 varav 300 inom R&D

~17 Miljarder >3500
SEK arlig omsattning Turbiner och Varmepumpar till >75
inkl. Siemens Gamesa AB lander

March 2022 Siemens Energy is a trademark licensed by Siemens AG.

OEM Turnkey

Leverantor av elkraftsprojekt till
TSO, DSO och industrier

>50

Papper och Massa bruk som kunder

*Including Trainees and temporary staff 5
© Siemens Energy, 2022




Our old world
A linear energy landscape

____________

Historically, electricity flowed from large transmission-connected
generation, through passive distribution networks to the end consumer.
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Converter

Measuring device anc
Control and Protecti
Cooling

Variant1 | Variant2 | Variant3

DC voltage at rec- | +24 kV +30 kv =50 kV
tifier station

Active power, in-| 30upto up to 90 up to150
verter station 70 MW MW MW

3

Rectifier station Inverter station

[ |
Reconverted

(D AC line —(D-e




Hogre spanning ger lagre forluster SIEMENS

50 kV MVDC oftast mer ekonomiskt an 30 kV CNercy
50
45
40 -t

> //
£ 30 —
E 25 /
8 20

10 — —_—
. e o e S SR

0 50 100 150 200
DC line length (km)

s | JDC=+30 kV, overhead line == == UDC=+50 kV, overhead line
UDC=+30 kV, cable == == UDC=+50 kV, cable

Figure 5 DC line losses for an active power of 90 MW at rectifier station



SIEMENS
cnercy

| Sverige en losning for regionnatsbolag (DSO)

MVDC:

C-
-+
c
®
n
n
()
| -
-+
£
| -
)
Z

Behov av okad overforingskapacitet i befintligt nat <70 kV

1.

2. "STATCOM pa képet”

130 kV
30-70 kV



Exempel: Onshore Wind SIEMENS

N\
v' Behov av 6kad overféringskapacitet i befintligt nat <70 kV Cnercy
v "STATCOM pa kopet” |6ser elkvalitet mot Svk.

300 MW

< % > Vindkraft station : :
Vindkraft station
$ \ / 36 /130 kV 36 /130 KV
Vindkraft station ;é; £
36 /50 kV = li‘:
mm 2xMVDC = m
CEmm wow /B M
-‘=|=- A_35m héga torn
Lo Ak __:,"'E_ ko 7.
1A _—_r o 420 kV

Befintlig 70kV ledningsgata T | 1'5‘0 MW

600 MW
15m stolpar under tradtoppar e

150 MW

"*_f—'_'r_-:::::::::: Stamnatanslutning | FE S8

50/130/420 kV
300 MW

v Elkvalitet och Fault Ride Through fran MVDC terminal




Tack for er tid!

Mina kontaktuppgifter:
Patrick Alila

Vasteras
073-620 63 76
patrick.alila@siemens-energy.com

anbud@siemens-energy.com

siemens-energy.com






Komponenter for framtida MVDC nat
DC-brytare

Resonansbrytare Hybridbrytare

Olika teknologier — samma systembeteende

©ABB




Resonansbrytare

Sligke 35, 2023




Aktiv Resonans-DC-brytare

Topologi och funktion

Matdata Labprototyp

@

Grundlaggande princip

4

* Forladdade kondensatorer

Line current [kA]

o

/\/V

[ B 10 12 14 16 18 20 2 2

* Lokal nollgenomgang

-

2

* Energiabsorption och strombegransning i
avledare

n

ﬁ 4 [ B 10 12 14 16 18 20 2 32

Interrupting switch [KA]
El

@
8

/ Lin;ect ij“‘
g
| LTS
Sw. | . w o
2 Cm)ect £ B 8 1w 12 14 1w 1@ w2 2
5
Sw; Sw, £
e Lr:w
g o
” é-w
D20
3 : ;
|| 4 4 B 10 12 14 10 18 20 22
Cgrading Time ms]

A nRDR
Medium voltage DC vacuum circuit breaker | IEEE Conference Publication | IEEE Xplore ralld




Aktiv Resonans-DC-brytare

Fordelar och avvagningar

Enbart kommersiellt tillgdngliga komponenter
* Beprovad och tillforlitligt

*  Kompakt

* Kostnadseffektivt

Avvagning mellan Coch L
* Hog frekvens for snabb brytning
* Injektionsstrom hogre an brytstrom

*  Brytférmaga hos vakuumbrytaren

Mekaniska komponenter
*  Brytning inom 1-2 ms
* Skalbart

dl/dt

Current through interrupting switch Voltage across interrupting switch




Hybridbrytare

Sligle 55, 2023



Powerful CB

DC-brytare anvand for strombegransning och brytning

Designkrav Hybrid strombegransare Hybrid strombegransning

* Supersnabb (submillisekund)

* Laga forluster (ingen aktiv kylning)

System current
FCS current
BiGT current
MOV current
Trigger

* Kompakt

* Flera (manga) operationer

Current [kA]

. . . | | .
0 0.5 1 1.5 2 25 3 3.5 4 4.5
Time [ms]

Kombinerar det bédsta fran tva teknologier — Krafthalvledare och mekaniska kontakter

©ABB
A
May 25, 2023 | Slide7



Powerful CB

DC-brytare anvand for strombegransning och brytning

Prospective fault current
System design current
Limited fault current
Equipment design limit |

>

Fault current

0 1 2 3 4 5 6 7 8 9 10 11
Time [ms]

Nyanslutning av smaskalig produktion
* Felstrommar hogre dn systemets design
* Uppgradera systemet (brytare, skenor, ...)

* Villkora och begransa nya anslutningar

Begransa felstrommen genom att snabbt franskilja delar av systemet
* Begransning fore forsta toppen
* Begransning av felstrommens varaktighet

* Stressen minskas en faktor 100

Franskilja och begransa
* Hela systemet

* Specifika grenar/kallor



Powerful CB

DC-brytare anvand for strombegransning och brytning

Idé och planering Design och implementation Verifiering Drifttagning Overvakning

= Kontaktade av UK Power Networks = Hybrid strombegransare = Test av individuella = Forberedelsearbeteni = Kontinuerlig 6vervakning
om teknologi for strombegransning utvecklad pa CRC komponenter pa CRC stationen i London av pilot-data

= Projektet godkant och delvis = Nara samarbete med ELDS = Prov enlig TRS i certifierade = |nstallation och drifttagning = Servicebesok for att byta
finansierat av OFGEM affarsenhet i Ratingen labb (Ratingen, KEMA) = Férsening pga Covid och en avvikande komponent

= Kontrakt och 6verenskommelser = [ntegration av strombegransareni = Factory acceptance test i reserestriktioner = Fyra fel begransade och
(TRS) med UKPN standard MV-panel fabriken i Ratingen bortkopplade enligt

tillsammans med UKPN forvantning

2000

1000

Z -1000

S
S
8
3

Current (A]

-3000

4000 F—————————————— =} ———

-5000




Likheter mellan DC-brytare och AC-strombegransare
Brytaren som en ideal system komponent

Bryta AC-strom vid nollgenomgang Bryta 6kande DC-strom

Begransa och bryta 6kande AC-strom

T 1.5
g €
@ ()
£ 05 t 05F
=1 =
&) [&]
0 / 0
-05 : . -05 § -
-5 0 5 10 15 20 -5 0 5 10
Time [ms]

15 20
Time [ms]

Current

05

-05

10 15 20
Time [ms]



Powerful CB

Brytforlopp
Design Matdata
System current
12 FCS current
i i BiGT current
o Fast commutation switch (FCS) MOV current
10 Trigger

Krafthalvledare (BiGT)

Metaloxid varistor (MOV)

Current [kA]

Time [ms]




Tillforlitlighet

Fokus for faltinstallation

* “Safety case” i samarbete med UKPN och Frazer-Nash
*  Redundant design — signifikant lagre “PFD”
* Befintliga komponenter i designen
— QR6 — Detekteringsenhet fran Is-begransaren
—  Paneler — Testad och visuellt kind for personalen
* REF620 standardiserad koppling mellan reld och SCADA
* Extra brytare pa vardera sida av strombegransaren

* Kontinuerlig dvervakning

Substation
SCADA

Iy

|

Bl

g

wne

Protection relay

FLCB controller

FLCB

©ABB



Powerful CB

Krav, design och provning

Systemspanning

Laststrom

Prospektiv felstrém

Max begransad toppstrom
Bryttid (detektion-stromtopp)
Mekaniska operationer

Elektriska operationer

Designdata, systemnivaer inom parentes

12 kv (11 kv)
2000A (1250 A)
25 kA (16 kA)
13 kA

< 1 millisekund
2000, inkl. laststrom
100, full kortslutning

Prov enligt standard
(IEC 62271-100)

Extra pilotspecifika prov
(Gverenskommelse med kunden)

Brytning, 25 kA prospektiv
Close-Open, 25 kA prospektiv
28 kV AC, 1 min

75 kV BIL

2000 A, varmeprov

STC, 25 kA, 1s

Strombegransning inom 0,7 ms
Toppstrom < 13 kA

Mekaniska slitprov

Elektriska slitprov

EMC

STC, 16 kA, 3 s

Current [kA], Voltage [kV]

60

50

— — — Propective fault current
Limited current
FLCB voltage

10 15 20
Time [ms]



Verifiering av piloten i failt
Sammanfattning

"Typprovning” 2019

Nycklar och lardomar

Hybrid

Projektet initierat fran kunden
*  Stort intresse for tekniken

* Tydliga krav pa tillforlitlighet

Existerande komponenter
*  Kortare utvecklingstid
* Kand och tillforlitlig teknologi

¢ Produktnéra

Samarbete
* UKPN, SECRC, ELDS, UK Service
*  Utveckling, drift, planering hos UKPN

©ABB
May 25, 2023 | slide 14




Powerful CB

DC-brytare anvand for strombegransning och brytning

For mer information och fragor:

jesper.magnusson@se.abb.com

Senior Scientist Switching and Systems

ABB SECRC, Vasteras

thomas.r.eriksson@se.abb.com

R&D Team Manager Switching and Systems
ABB SECRC, Vasteras

AL HR ED
MW







Innehall

Om Scibreak
HYPERRIDE projektet
RWTH Aachen demo

VARC brytare




Om Scibreak

« Scibreak ar ett litet svenskt foretag med nio anstallda som utvecklar brytare och
strombegransare for bade vaxel- och likstromstillampningar
« Kontor och labb ligger i Kallhall, Jarfalla strax norr om Stockholm

- Foretaget grundades 2014 av Staffan Norrga och Lennart Angquist som en spin-off
fran KTH

Rickard Granath Henrik Johansson

Olof Heyman
Developer Development engineer

Senior Advisor

'Jllll Scibreak



Om Scibreak

» Scibreak kdptes i borjan av 2023 av det japanska
foretaget Mitsubishi Electric Corporation

* Nuvarande syftet: att utveckla HVDC brytare

scibreak.com 4

the Better

Changes for the Better




HYPERRIDE-projektet

-« HYPERRIDE - HYbrid Provision of Energy
based on Reliability and Resiliency via
Integration of DC Equipment

- Finansieras av Europeiska Kommissionen
(via INEA)

« Deltagarnai konsortiet visas pa kartan —>

Ecole Polytechnique A
Fédérale de Lausanne ~ §
J

-
5
L\_._. -

ASM Terni &§

)
=
o

»
¥
ot
N .
\



HYPERRIDE projektet

Projektets syfte:

” The project aim is to successfully deploy new infrastructure concepts across Europe and to
overcome barriers by providing and identifying solutions for the implementation of DC and
hybrid AC-DC grids.”

Syftet innefattar bland andra utveckling av:
Specifikationer
Hardvara (dc-brytare, sensorer)
Mjukvara for natautomation

Mjukvara for cybersakerhet samt feldetektion



RWTH Aachen demonstratorn

En av tre demonstratorer inom

HYPERRIDE
Ligger i Aachen, Tyskland

MVAC

BSkV !EI |
V IGBT-  ARCP
e AI):\IH DAB3

S5kV

=/

5kV

Modular DABI
DAB3

Future

Gnd
Connection
Point

'J[“J Scibreak



RWTH Aachen demonstratorn

MVDC delen: 5 kV markspanning, £2.5 kV symmetrisk monopolar konfiguration

« Konvertern som forsorjer denna del har 5 MW som hogsta effekt
- Hogsta stadigvarande strom genom MVDC brytaren: 1 kA

= Two Layers

— Medium Voltage (5 kV)
— Low Voltage (800 V)

Maximum Power Transfer
— 5 MW (MVDC)
— 400 kW via (LvDC)

. . n =
Work Package 07 — Demosite Overview ARIDE
THE FUTURE OF POWER D RIBUTION
10 KV~ 2 V= = —(____ O
' FEN DC Grid
Length = 1km
3.3 ka l’ AC DC 5 kV
4 /{; = dlec¥ f—G_
DC DC
5 MW AFE IGBT DAB3
DC Modular
 Jones - DAB1
400 Ve~
1 #AC/, 800 V=
i ko
—@—E—/-#ﬁ— AC 1 1 1
L =7 ; ' =
Battery eMobility P2G
Storage

Emulated by Converter
Y



VARC brytare

« VARC: "VSC Assisted Resonant Current”
« VI: (Vacuum Interrupter) Vakuumbrytare
« VSC: (Voltage Source Converter) Spanningsstyv stromriktare

. currents
VI current zero

Line

iline ( \
o— =% O

L VI J : ’ time

Iysc !

4 5 : vol

[ ivov

/7 :
time

trip order



VARC brytare

- Tidigare erfarenheter med HYPERRIDE prototypen

1’|’l| Scibgeak



Current [A]

—Line current
—Vl current
—VI voltage

Max MOV voltage

Trip order

-0.5
Time [ms]

0

Current [A]

—Line current
—VI current
—VI voltage

Trip order

15
Time [ms]

Voltage [V]




VARC brytaren

- Pagende utvecklingsarbete:
Kompaktifiering av brytaren

Integration i demo-systemet (kommunikation
och koordinering med omgivande utrustning)

Integration i stallverksskap




VARC brytare

- Nasta steg
Slutféra bygget
Kora tester under kommande dagar
Bygga ihop alla subsystem
Transportera brytarna till RWTH Aachen

n’l’“ Scibgeak



WHEN TRUST MATTERS

DNV

MVDC Webbinarium

e A Projektet flnan5|eras av . '
den 23 maj 2023 e £ Programmet Risk- och t|IIforI|tI|ghetsanaIys 2021 2025



Nasta steg

Starta ett MVDC-forum eller -natverk for DC-applikationer i - Fortsatta utveckla och sprida kunskap
distributionsnat - Starka kompetensen hos natbolag
Ta fram forslag pa pilot-/demonstrationsanlaggning - Testa och utvardera tekniken i Sverige

- Identifiera och hantera risker
Gora motsvarande studie om applikationer pa lagspanningsniva - Troligtvis storre intresse fran marknaden

(LVDC) - Lagre troskel till anvandning
Studera flera applikationer av MVDC fér industrinat, solparker, - Troligtvis storre vinster
vindparker, m.m. - Kraver samverkan mellan olika aktorer

18 DNV© DEN 23 MAJ 2023
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Gfb f'co www.menti.com and use the code 5139 5936

Hur mycket kan du om likstrém pa id Mentimeter
mellanspdnningsniva (MIVDC)?

DC arnytt MVDC ar Jag kdnner
férmig, jag nytt, men jag mig hemma
arvanvid AC har annan inom (MV)
erfarenhet DC
med DC

e 3




Go to www.menti.com and use the code 5139 5936

Varfor ar du har? Vad ar ditt mal med 4 Mentimeter
dagen?

Léira mig mer Lara mig om Forsta maojliga Forsta Annat...
om DC tillgangliga applikationer kostnadsbilden

produkter




Go to www.menti.comand use the code 6579 5466

Vilken/vilka ér de storsta id Mentimeter
utmaningarna med distributionsnaten
framat?

——

0
Anslutning av Okade Otillrécklig Skydd /
fornyelsebar stérningar / natkapacitet tillforlitlighet

energi elkvalitet

B




° Go to www.menti.com and use the code 6579 5466

Tror du att likstrom kan bidra till att |0sa dessa i Mentimeter
utmaningar?

Nej Delvis

e )

S 9 MM P B OB OO0 €« 2



o Go to www.menti.com and use the code 29551238 Ot

\/ad vill du att nasta projekt ska MKpeckineto
handla om?

MVDC-natverk Foérbereda LVVDC studie Sol, vind, industri,
pilotanlaggning hamnar, m.m.,

b ©




Go to www.menti.com and use the code 2955 1238

Har du fatt en battre forstaelse av MIVV/DC
och dess tilldimpning inom distribution pd
mellanspénning?

0

Ja, markant Ja, delvis Nej, inte
riktigt




Tack!

Lucas Thomee e
+46 76 245 5798 +46 72 362 6666 . .

www.dnv.com
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