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Valkommen till Hitachi Energy
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vart syfte

Hitachi Energy — Att framja en hallbar
energiframtid for alla.

Vi utvecklar varldens energisystem sa att
det blir mer hallbart, flexibelt och sakert.
Tillsammans med kunder och partners
paskyndar vi 6vergangen till en hallbar
energiframtid — for var generation och
kommande.

GODD HEALTH QUAlIT\’ GENDER
AND WELL-BEING EDUCATION EQUALITY

Dﬂ.ﬁi. J.lSTI(!E
[lllﬂlll"l’lml
AND PRODUCTION INSIITUTI'HS

CLEAN WATER
AND SANITATION
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Pa Hitachi Energy arbetar vi for
en bradskande overgang till ren
energi genom innovation och
samarbete. Det finns manga
vagar mot en koldioxidneutral
framtid — for att ta itu med
denna globala utmaning framjar
vi olika globala team med akta
passion och hallbart
ansvarstagande.

Claudio Facchin
CEO, Hitachi Energy

®Hitachi Energy



Om Hitachi Energy

HITACHI

Inspire the Next

38,000 medarbetare

90+ ~250
- ,_’/ b T . lander med years’ heritage
’/C_T_ﬁi \‘\\ g : ‘ \\ 200 kontor combined
‘m R \‘. N I .
: | S : 5 500 2,000
\/ ) B\ Sal’jare & flngEnjdr_er&
, o orskare inom
. serviceingenjorer FoU
4 affarsenheter
Huvudkontor i 25 \ , p i Grid High Voltage
Zlrich, Schweiz ﬂ L X Automation Products

Grid Integration
Vara kunder

Transport & infrastruktur
m Industri

Transformers

Vart erbjudande

Kanaler
Tjanster

Distributorer
Mjukvara & Automation OEMs
= Energibolag ' m System = EPC
m Produkter
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Milstolpar i var historia

1893

Forsta 3-fas
transmissions-

1970

Ledde
utvecklingen oav

2011

Forsta digitala

T

elkraftanlaggningen
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A N2
il 2017/18

—T

Forsta digitala
distributions-

? systemet, Sverige L] forsta SCADA sald ? och kfraft
systemet O @ O transformatorerna
=1 1954 2] 2004 o6 2012
& Forsta é Banbrytande OXOX. HVDC brytare l6ser
° kommersiella implementering av . en 100 ar gammal
HVDC léanken IEC 61850, 6ppen utmaning
Banbrytande kommunikations-
tandard
FACTS standar HITACHI AlB
1883 2020
ASEA LADRD
BBC V1414 HlTACHlt
Inspire the Nex
BROWN BOVERI 1988 2021
1891
1968 2010 2019
Banbrytande Vérldens mest A\  Forsta
® gasisolerade (GIS) ° kraftfulla och langsta ® kommunikations-
elkraftanlaggningar UHVDC lank natverket med
= =7 Quantum-Safe
m" 1932 =fi 1997 2015 cybersecurity till ett
Vérldens storsta HVDC Light™ levererar Forsta miljoeffektivat energibolag
sjalvkylande manga miljéfordelar GIS:en och forsta
transformator HVDC vindbaserde
havsanslutning
Public
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Sverige - Lang historia av innovation och mangfald ,EJ,I_‘%S!,_!,!%

Narhet till vara kunder genom lokal
saljorganisation och service

Alla affarsenheter representerade

bli . .
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HITACHI

Ludvika — varldens kraftcentrum Inspire the Next

Varldsunik kraftkompetens

120 ars erfarenhet
Produkter och system for
overforing av elkraft pa
langa och korta avstand
Forskning och utveckling
Cirka 2 800 medarbetare
Tillgang till tva laboratorier
i varldsklass samt tva
unika provhallar

bli . .
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Vara 4 varldsledande affarsomraden - starka i Sverige ,EJI%?,!,'!,!%

Grid Automation

« Komplett portfélj med relaskydd, scada, energilager/mikron&t mjukvaror for APM, WFM, EAM,
» Varldsledande med en kombination av IT och OT Iésningar fér Energi, Industri och Transporter
 Starkai Sverige med Vasteras som bas for vara lokala leveranser

- Ett brett erbjudande med projektatagande, systemintegrering, konsulterbjudande och service
» Véarldsledande inom HVDC, FACTS och elkvalitet
 Starkai Sverige med Ludvika och Vasteras som bas for vara lokala leveranser

High Voltage Products
NS e 2
=i wlg

+ Komplett portfolj med AlS och GIS upp till 1200 kV AC and 1100 kV DC
» Varldsledande portfolj med grona produkter

Starka i Sverige med Ludvika som bas for vart AIS sortiment och service

Transformers
« Komplett portfélj med kraft-, distribution-, jarnvags- och torra-transformatorer inkl. service
/' » Varldsledande portf6lj ~60 fabriker , 30 service centers, upp till 1200 kV AC och 1100 kv DC
h Sy  Starkai Sverige med Ludvika som bas for var stora krafttransformatorer och service

Public
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Senast 2030 maste vart energisystem klara av: HITACHI

Inspire the Next

Inom industrin maste utslappen*

Fornyelsebar produktion maste Elbilsforsaljning uppskattas att ) _
minska med 20% till 2030 and

oka med 4X jamfort med idag oka med 18X jamfort med idag 90% till 2050

Public - .
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Elutmaningen HITACHI

Inspire the Next

EUs regelverk "Green Deal” S
Vatgasproduktion Digitalisering

140 TWh till 250+ TWh

Tillganglighet Offentlig upphandling

Systemtjanster
Marknad Y J

Kapacitet i naten Batterifabriker

Energilager Hallbarhet
Datacenter Flexibilitet Intermittent sol- & vindproduktion

Elkvalitet Planerbar produktion _ »
Industrin elektrifierar

Elfordonsladdning
Tillstandsprocesser Sektorkoppling

| Energieffektivisering
Elnatsreglering Kompetenta resurser

Public
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Elutmaningen HITACHI

Inspire the Next

300 Elanvandning Sverige, TWh/ar
250 A
200
150 |
100 -
50 -
01 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
o Natférluster 11 12 14 16 18 20 22
mElfordon 0 2 7 13 18 21 24
mServerhallar 1 2 5 6 8 1 14
B Industri 50 54 81 92 107 | 135 | 148
B Hushall/service/transp| 79 77 73 T4 73 73 74
Totalt 141 | 147 | 181 | 200 | 224 | 261 | 282

Ny produktion

Nya elbehov Elkvalitet och Resurser

Public
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Kraftelektronik — Fran nisch- till karnteknologi

2005 ... Niche application for Power Electronics systems

Generation ——

#

Traditional

E iC‘Di H=

Grid

HVDC

- Industry and large commercial —
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Bo—o—
Pumped Hydro
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STATCOM
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STATCOM Industry

FH sFe
C&l
STATCOM IE

Act. filter

Transportation
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STATCOM.
—, Act. filter

HITACHI

Inspire the Next

2035 ... Power Electronics systems run the Power Grid

Generation —— Grid

- Industry and large commercial —
é Traditional

6———®——HvDC Meshed HVDC | o—eE g ﬁ
xﬁs UPFC ‘I |
AC PE be PE Tile Eintensive
tecti tecti
@ protections protections STATCOM industry
cem——r

[ sFc
C&l
STATCOM im _lgﬂ

-\C'I)' Til statcom Act. filter BESS
T TMDCsssT R:newable — i Hafl-% é

Storage rﬁ; MVDC+ Hgs o5
‘%,,I Hydrogen Utility Storage

S5T= EEE Large DC
W N Loads &
and E-STATCOMSs =8 5

mart cities

Transportation

MVDC+SST e @{JL'
‘ﬁh — et

Dist SFC ?;. :?
I'L.I E'Lh dii] I
DC wind &ﬁﬁ .

|sTatcom |
turbines MVDC+SST

Off-Grid
Storage

STATCOM == Act. filter

Framtidens nat kommer att ledas av dom som kan kombinera kraftelektronik och digitalisering pa ett framgangsrikt satt

Public
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HITACHI

Inspire the Next

Vad behovs for ett stabilt elnat
med ratt elkvalitet?
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Elkvalitet teknologier - Komplett erbjudande fran Hitachi Energy

HITACHI

Inspire the Next

Grid

Industry and large commercial

Generation
T T & -
e 0 # 1 il i R & 1
HVDC link Passive Series Shunt Shunt  Surge arrester Series  STATCOM/ Active filter/ Passive Shunt BESS or Surge
[y filter ~ Compensation capacitor reactor and relay reactor svC Shunt capacitor ~ filter reactor uPs arrester
— @ GD-l and relay
B\ @ Transmission grid GD-I

Offshore Wind parks E E” R Energy
or distant generation Series  Passive cd[%] . intensive
compensation filter B
Industry
Synchronous DMS
condenser
L S
B oW 1 R i B 1
J— | Storage STATCOM/ Passive Shunt Line voltage o MV or LV Active filter / Passive BESS or  Surge arrester
—_ N7 svC filter reactor regulator Smart Data / Shunt capacitor filter UPS and relay
= Q AN I I Control Center |
! ADMS, AVVMS oo
I I oo
— L 5
Renewable generation changers
Industry /
Volt/Var E |
arge
Control %Ié 9 .
Surge arrestor commercial
and relay
. . . - MV line .
Residential and small commercial 77 Regulator Transportation
-
MV
MicroSCADA Y m g” @ L} E
o STATCOM/ Active filter/  Passive Shunt BESS or  Surge arrester
47 ! Lv . svC Shunt filter reactor UPS and relay
=] ap .
= l% capacitor
i Distr. 2pacil
", Storage  Active filter / Shunt : Grid I
Z0% capacitor | ! TropOS —
N gLy = z [T =r | 1|l
a—— | oo
= - - STATIC Single phase network = = —\
Tap changer P Frequency (DC, 50 Hz or 16.7 Hz)
P 9 Passive filter
RTU500 converter
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Vilka stodtjanster kravs for att driva ett stabilt och sakert elnat? HITACHI

Inspire the Next

Synchronous Generators [Iﬁ o—l
Grid Forming BESS (VSM) l}

I—o ﬂﬁ Synchronous Generators

l} Grid Forming BESS (VSM)
Enhanced STATCOM =

Steady operation  Associated with

during normal  fault levels and
operation and during  short circuit ratios.
disturbances.

Synchronous Condensers }—@
Enhanced STATCOM

Operate the system
Limits rapid rate of  securely and ensure safe
Change of system  protection systems.

frequency (ROCoF).  Required for fault ride

through and recovery from
faults.

"
= b
BESS E |

5' o FFR Balancing load & generation.

Synchronous Generators ﬂﬁ

HVDC with voltage source converter g

=7
New wind farms with controls cﬂ\ }—@ Synchronous Condensers

II@ Synchronous Generators

l} BESS

{z4h  Synchronous Condensers

Stable operation during

normal conditions.

After a frequency disturbance, L )

control required in different ~ ASSist in fault ride through
timescales. a_nd recovery during

(<1 sec, up to 60 sec,  disturbances.

1to 5 min, >5 min)

HVDC with voltage source converter g
Enhanced STATCOM
. . =7
New wind farms with controls B\

Load shedding I—O @ Load shedding

k|

Tekniken finns redan idag som kan st6dja kommande utmaningar i elnatet

Public
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Vatgasens roll och Ovako
projektet
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Market estimation variables HITACHI
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Installed electrolyzer capacity by 2040 - estimates Hydrogen demand by 2050 — Hydrogen council scenario
GW
400 - 387 " TR0
— BNEF ($670%)
Cambridge ;‘ ———————————
- = Announced Country Targets? I :
300 1 — Navigant research | TT |
—_ g BB |
IEA N 112 I
-—nHsBc /] I |
200 - IEA: Announced Projectsz /| : I
|
158 I I
154 | :
0 | I
- I
100 | | ! |
2020 Transport Industrial jIndustrial  Building Power : 2050
feedstock | heat heat generation
I & power & power & storage :
O i —
2020 2025 2030 2035 2040

As electrolyzer reach technology maturity, stack costs decreased significantly, leading to an expected capacity increase
throughout the next years, yet the extend remains uncertain pointing to different scenarios.

Public
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HITACHI

Green/Blue/Grey Hydrogen Inspire the Next
Green, blue and grey Hydrogen Levelized cost of hydrogen production — forecast
ET_”\ ) $ikg Key assumptions:
B Grid/Renewable 6 1 — Gas price 2.6—6.8 USD/Mmbtu _
. Average Location

power-driven — Cost $/Ton CO2 30 (2020), 50

0: electrolysis (2030), 150 (2040) and 300 (2050) — — Best Location
— 5 - ~ LCOE $/MWh 25-73 (2020), 13- G |
37 (2030) and 7-25 (2050) rey excl.

Carbon tax

Carbon capture . 4 4

and storage \

3 -
5 Steam Methane
Reformation, other 5 |

fossil fuel-based ﬁ____f\
|gﬁ ...................... - NN PP PP PP rrrrrres e e ———

production | e R e e
1 - — = -
0
— Green Hydrogen — Blue Hydrogen — Grey Hydrogen 2020 2025 2030 2035 2040 2045 2050

Green H2 produced directly from water and (green) power — expected to be competitive in prime locations late this decade

Publc ®Hitachi Energy
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Hydrogen production — The basics HITACHI

Inspire the Next

Electrolysis — the process 3 types of Electrolysis process

ALKALINE ELECTROLYSIS
Alkaline electrolyzers operate via transport of hydroxide ions

G (OH") through the electrolyte from the cathode to the anode
0 : /@ 1kg with hydrogen being generated on the cathode side
Water 9 kg “w “w
— - POLYMER ELECTROLYTE MEMBRANE ELECTROLYSIS
e e In a polymer electrolyte membrane (PEM) electrolyzer, the
—> v v T , , : , ,
v v electrolyte is a solid specialty plastic material where the
Electrolysis hydrogen ions (H*) move across the PEM to the cathode.
7 — ayy
SOLID OXIDE ELECTROLYSIS
Electricity 41.4 kWh O Solid oxide electrolyzers, which use a solid ceramic material as

the electrolyte that selectively conducts negatively charged
oxygen ions (O%) from the cathode to the anode.

Green hydrogen (renewable electricity) is the only option to fully decarbonize the energy system

Public
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Electrolyser technologies HITACHI

Inspire the Next

Comparison of electrolyser types

* SOEC operates at high temperature, which Parameter description Alkaline PEM SOEC
gives higher efficiency Temperature 70-90°C 50-80°C 700-850°C
» Low investment cost for alkaline Pressure 1-30 bar 30-80 bar 1 bar
- Operating stack lifetime longer for alkaline Current density 0.2-0.8 A /cm? 1-2 A/cm? 0.3-1 A/cm?
« PEM has quicker operation response Efficiency (LHV) 63-70% 56-60% 74-81%
. Highest current density in PEM CAPEX 500-1400% /KW, | 1100-1800% /KW, | 2800-5600% /KW,
. Operating range largest for PEM Operating stack lifetime | 60000-90000 h | 30000-90000 h | 10000-30000 h
Load range of nominal load 10-110% 0-160% 20-100%
Start up time 1-10 min 1 -5 min -
Shutdown time 1-10 min Seconds -
Ramp up speed 0.2-20%/s 100%/s -
Ramp down speed 0.2-20%/s 100% /s -

Public . . . .. = =
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Estimated cost of green H2 across the value chain ,Egl%?,t!,!f

LCOH2, €/kg

o S —
D) ) e gy
DO [ (g pemmaimoeionn
» O m () W eyt e—
s e rmelyn el oo e ——— -

small scale periodic use
L 1 L 1 L ]

0 1 2 3 [ 5

B production W conversion [l storage transport distribution

1k Compression pipeline Vessel Liquefaction
" = O

When collocated with consumption, H2 can be a competitive fuel. When transport and storage is necessary, its costs
iIncrease dramatically.

Public
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Hydrogen in the transportation sector HITACHI

Inspire the Next

Clean road transport Comparison of well to tank efficiencies of various passenger cars

— Battery powered EV (BEV) and Fuel Cell 100%  84.5% 83.2% 82.9% 13.3%
EV (FCEV) have zero direct GHG Petrol ﬁ ) -
emissions. | aa_ Iﬁﬂg o Jﬂ j QRF@ 0

— BEV have much higher efficiency

i)

compared to FCEV, which indicated a 100% 95% 90.3% 73.3%
lower total cost of fuel (from well to tank) BEV B w =¥
— Depending on the electricity and H2 tariffs S

and subsidies, the price for the consumer
varies drastically

100% 95% 66.5% 64.5% 61.3% 26.29%
— Clean energy agenda of various countries i L .
L IS i — —
may favor one or another technology, close FCEV 93 f@j H2 .@ .

and continuous market monitoring is
necessary 100% 70% 67.9% 65.8% 62.5% 26.7%

+-B - —MmS-e0-f
33.9% 32.2% 30.6% 24.8%
P a N
- B
Public
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Hydrogen applications ,Egl%?,!,'!,!f

Power sector Electrolyser systems integrated in power grid together
with different hydrogen applications sectors

» Use hydrogen as a flexibility service in combination with renewable

energy
» Hydrogen can store large amount of energy for several months | g %
: 6 SR Bt
+ Good complement to batteries % By-product Biomass Imported | ASAAS 8% Aviation
. bdariegden Hydrogen n Hicipicigic
. : : v
Use hydrogen system as storage during excess production of I l l l BUILDINGS ry 7 —
eleCtriCity electricity c N Heavy-duty
: =5 g
- Transport of energy with hydrogen % % =1 co, €0y POWER l raY
Electrolyser Fuel cell
« Component in back-up power generation o l -_-| electric veicles
=l||7
Methanation @ Re-electrification @
Blending (Power to Power) FC Trains
v
Storage l ﬁ
(Salt caverns, /“:Q Shipping
starage tanks) m F@DI
Gas grid m

High-grade-heat Industry TRANSPORT

(>650 °C) feedstock
INDUSTRY

Public . .. . . = =
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Power to Gas — Hitachi Energys erbjudande HITACHI

Inspire the Next

System and plant overview - General Hitachi Energys erbjudande
Transmission grid :
/ J( | MicroScadaX | |:| |:|
—
[ Grid Code & System ] ! | "R |
0, Studies HVSWG Automation/SCADA
AC System Power Energy Management
e »| Electrolyser » H; H2 Storage I Integration transformer Asset Management
Rectifier  Rectifier H;0O
transformer MV distribution J_
reETT=T========== |
i Stack ! » !
| : =
: ! Rectifier }J
1
Cell A Cell | Cell § transformer
: : . AC AC AC AC AC Filters, FACTS
! I Rectifier
 Cell | Cell g bC DC bC DC DC
: : Power
Lo e emoo_ - 4 Quality

Stacks

Cooling
Systems

Storage | H 5 Compressor

Publi . .
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Ovako — Electrolyzer consortium

Participants

OVAKO

VOLVO TRUCKS
@ Hitachi Energy
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Project incentives

Enables climate-neutral steel production
and hydrogen-powered heavy vehicles
Sweden’s largest fossil-free hydrogen
facility is now being built with the goal of
greatly reducing CO2 emissions, developing
local industrial hydrogen production, and
taking the first step towards a future
hydrogen infrastructure for the transport
sector.

With installations at multiple locations, this
could enable a network with locally
produced fossil-free hydrogen available for
the transport sector.

Hitachi Energy Power Quality solution

HITACHI

Inspire the Next

Ovako incentives

The new hydrogen plant in Hofors will make
Ovako the first in the world to heat steel with
hydrogen prior to rolling, and is the next major
step towards climate-neutral steel production.

The technical solution will also enable large-
scale and cost-effective production of
hydrogen for applications like fossil-free freight
using fuel-cell trucks.

®Hitachi Energy



Elinfrastruktur for en 20 MWe vatgasproduktionsanlaggning HITACHI

Inspire the Next

66

”Med Hitachi Energy’s expertis inom

) ~ elektrifiering och elkvalitet var de en
g sjalvklar partner att bjuda in som
) ] deltagare i vart vatgasprojekt. Deras
— kunskap och erfarenhet har hjalpt oss

) J att hitta ratt |16sning och parametrar
B for att koppla upp elektrolyséren mot
- elnatet pa basta vis.”

HITACHI

Inspire the Next

Goran Nystrom, EVP of Marketing &
Technology at Ovako

Utmaning Losning Varde

Ovako behdver bli CO2 fria i sin egen Baserat pa NELs alkaline elektrolysor Genom denna I6sning kan Ovako |
process genom att ersatta fossil propan levererar Hitachi Energy en Hofors nu erbjuda CO2 fritt stal till
med gron vatgas och syrgas i sin sammanhallen eHouse-l6sning med marknaden och till ett premium pris
varmningsprocess. likriktare och vattenkylda Resibloc med hjalp av en tillforlitlig och effektiv
Ett konsortium lett av Ovako transformatorer samt erforderliga il ur sar dlessmiar e
tilsammans med Volvo AB, NEL, H2GS hogstromsskenstrak. Detta for att kontroll p& elkvaliten mot elnétet.

och Hitachi Energy bildades for att omvandla vaxelstrém fran elnatet till

utveckla en I6sning. likstrdém som anvands i elektrolyséren

28 © 2022 Hitachi Energy. All rights reserved. @ Hitachli tnergy



Nytt branslecellssystem med nollutslapp

PowerCell och Hitachi Energy samarbetar

Hitachi Energy och PowerCell Sweden AB, en ledande global
leverantor av innovativa branslecelldsningar, tecknade i juni 2020 en
MoU for att tillsammans utforma, utveckla och validera ett branslecells-
kraftsystem

Integrering av stationara bransleceller férvantas spela en viktig roll i att
paskynda omstallningen till hallbara energi l6sningar.

Branslecellsystem kan ha olika tillampningar, sasom att tillhandahalla
kraft for industri och kommersiella byggnader och kan i manga fall vara
en direkt ersattning

Public
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Hydrogen Consumption — Fuel cell applications HITACHI

Inspire the Next

©

(=] o ELECTRICAL EE
g INVERTER © = — L OADS i e
] = = CILETEILL
Tnininieal 0| -
Bmald- B emesm
H2 FUELING H2 STORAGE FUEL CELL  BATTERY ENERGY XFMR SWG EV-CHARGING CONTROL AND
TANK STORAGE MONITORING

o
\Q) POWERCELL|
HITACHI  Ass

Public
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Slutsatser
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Viktigt framat

FoOrutsattningar

Myndigheter

- Tillstandsprocesser
- Elnatreglering

- Marknadsmodeller

SvK

- Styra proaktivt mot mal, 250+ TWh med
delmal 2030

- 400kV anslutning till havs

Exploatorerna.

- Borja bygg elproduktion speciellt i
SE3/SE4

Flexibilitet

« Vatgas

» Energilager

*  Pumpkraftverk

Industrin effektanpassar

« Karnkraften borjar regleras

HITACHI

Inspire the Next

Hur blir den vinnande
sektorkopplingen och samspelet
mellan el och véatgas och hur landar
marknadsmodellen for el?

.,4 Q VJQ”’”\ &

Hitachi Energy &r en mojliggotrare for energiomstallningen

Public
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Pod och kontakt
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Kraftsamtal — podden som ger dig inspiration och kunskap ],!'S'Jl‘%,?,!,'!,!f

Lyssna pa var podd!
* Vi samlar experter, ledare och visionarer for att samtala
om en av var tids viktigaste fragor: energiomstallningen. « Finns dar poddar finns och pa var websida!

* Nya avsnitt slapps varannan tisdag (udda veckor)

« Vara internt sdsom externt inbjudna gaster bjuder pa
kunskap och framtidsspaning om den senaste tekniken
som behovs for att tilsammans ta oss mot malet om en
koldioxidneutral energiframtid.
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Sa har kontaktar du oss pa Hitachi Energy

Email;
lars.engdahl@hitachienergy.com

Telefon:
010-738 52 93

Véaxel:010-738 00 00

Websida:
www. hitachienergy.com/se/sv

Kundfragor:
kundservice@hitachienergy.com

FOretagsnamn:
Hitachi Energy Sweden AB

Organisationsnummer:
556029-7029
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Vart huvudkontor i Sverige:

Hitachi Energy
Masters Ahls gata 16
721 82 Vasteras

| I . I www.linkedin.com/company/hitachienergy/
l@l @hitachienergy
. ’ www.facebook.com/hitachienergy/
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