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Transformation of the energy system at record pace with HVDC HITACHI

Inspire the Next
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Background Magnus Callavik
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HITACHI

Inspire the Next

Dr. Magnus Callavik
Global Engineering Manager HVDC and HVDC Service
Deputy Global Product Group Manager HVDC and HVDC Service

Educational Background

PhD. & MSc. at KTH — Royal Institute of Technology 1994 & 1998
Research Fellow Stanford Research Institute 1994

Project Management Professional (PMP) PMI since 2008
Executive MBA at Stockholm School of Economics 2009

Journey at ABB and Hitachi Energy

Joined ABB in 1999 as PhD-trainee

Various management roles in R&D, Technology, Engineering and General Management
One year in USA in 2000 at ABB Lumms Global

Three years in China 2017-2020 as GM for ABB HVDC

My daily job at present

Manage the global engineering team with cirka 1000 engineers located in CA, CN, DE, IN, JP,
SE, UK, US with around 25 megaprojects in execution world-wide and 30 active tenders

Other interesting facts
| participated in the start-up and board of EIT Innoenergy from 2009 to 2017
Board member of SEK, the Swedish IEC, 2009-2017

@ Hitachi Energy
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By 2030, our energy system will need to evolve HITACHI

Inspire the Next

Renewable capacity must grow Electric car sales are expected to In industry, *emissions must drop
4x more than it is today increase 18X the level today 20% by 2030 and 90% by 2050

Internal . .
© 2022 Hitachi Energy. All rights reserved. *|EA's Net Zero by 2050 report @ Hitachi Energy



Big shift in power

HITACHI

Inspire the Next

2020 dominated by conventional energy

2020: 20% electrification

Direct use

oil Industry
46 PWh
Natural
Gas
Transport
e v 34 PWh
Coal H2
75 Mt = 2,5 PWh
Biofuels
Buildings
Nuclear 34 PWh
Wind & Solar
Hydro
Electricity 23 PWh
generation 30% RES
Internal 10% VRES
6 © 2022 Hitachi Energy. All rights reserved.

2050 significant electrification of final energy use

2050: 44% electrification

Oil U Industry
- 55 PWh
Natural
Gas
Coal I Transport
Biofuels 26 PWh
Nuclear | ]
Wg‘:l,j Buildings
39 PWh
Hydro
53 PWh
o)

50% VRES - @ Hitachi Energy



Energy system 2050: towards a carbon-neutral vision HITACHI

Inspire the Next

@HitaChi Energy Ol Fast facts So what?

Accelerated shift from 66

fossil-based to renewable Global electrification will
power generation be more than 50% of total

Digital and energy
platforms are needed...

energy demand
02 6 ...to manage the
Growing electrification of Erl]eeitnﬂc?;lqn 'MProves enormous power
Transportation, Industry and gy etficiency SySte_”_] energy
Buildings sectors 66 transition challenges:
All market sectors
converting towards increased complexity
03 electrification additional capacity
66

Sustainable energy carriers, _
complementary to direct Energy sector-coupling

electrification beneficial

" -t
:
’ fur

Accelerating the transition to a carbon-neutral energy system requires adapting and
adopting policies and regulations to enable technology and new business models
to support Scalable, Flexible and Secure energy systems

for reduction of
CO, emissions

Iyt

Internal
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Sustainability 2030 HITACHI

Inspire the Next

Our Targets

SI6

We have placed
sustainability at the
heart of our Purpose -

Planet

Carbon-neutral in our own operations

1 50% CO, emissions along the value chain
| 50% waste disposed

| 25% freshwater use

| 25% hazardous substances and chemicals

People

Zero harm

Top quartile health absence rates

Life-long learning culture

Increase female diversity from 19% to 25% by 2025

Peace
Zero incidents of corruption and bribery

gy ceton ot eyl nomne. [ 11 nea .
w/s ml @- E 3 Partnerships
; Increase involvement in multi-stakeholder partnerships

Internal
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HITACHI

Cost of renewables now lower in most markets Inspire the Next

Historical global power generation mix MEQD 2020 global power generation mix ‘
) 2019 . Novis German
sermany
1005% i Other i
90 %
UK\
80%: 845 &
70% 55% solar d
& wind )
0% ' .
69% £
50%: renewables
Onshore wind
40% -
0% ' l‘sx(fu ‘\‘ﬁ ‘*
20% e e
24% fossil e ot
10% fuels by 2050 Coal
0%
1970 1980 19490 2010 2030 2050 Source: BloombergNEF

= Power capacity almost triples to 2050 with 80% new renewables Renewables are now the cheapest new electricity in countries
and storage making up just under % of world GDP

= Global wind power market diagnosis favorable: outlook upgraded by Innovation and scale have driven down the costs of renewable
2% and solar PV beyond 2021, installations are expected to technology
recover to prior expected levels of 130+ GW

Wind and PV grow to 56% of electricity generation worldwide in 2050

Internal . .
9 © 2022 Hitachi Energy. All rights reserved. @HltaChl Energy



Projects delivered HITACHI

Majority of projects over 60 years Inspire the Next

» Dogger Bank C *Troll1&2 « Valhall « Skagerrak 1-3
* Shetland *Troll3&4 * Norned « Skagerrak 4
» Dogger Bank A * Borwin 1 * Estlink « Gotland 1-3
» Dogger Bank B * Dolwin 1 « Italy — Greece « Konti-skan 1 & 2
* IFA2  Dolwin 2 * Tjeereborg « English Channel
— North America —= Europe - Nordink + Dolwin 5 « Swepol
» ) » North-sea Link « Aland + Gotland Light
* Maritime Link * Sharyland + Square Butte Upgrade « Caithness — Moray ~ * Nordbalt « Hallsjon
* Quebec — New England * Rapic City + Eel River Upgrade « Kriegers Flak Cgs + Litpol Link « Kontek
Upgrade * Cross Sound * Pacific Intertie « Johan Svedrup « East West « Baltic Cable
* CU Upgrade » Eagle Pass * Vancouver Island Pole » Gotland Upgrade Interconnector * Fennoskan 1 & 2
* Madawaska Upgrade * Quebec — New England 1&2 « Kontek Upgrade « Sapei « Dirnohr
* Celilo Upgrade * Pacific Intertie Expansion
+ Highgate Upgrade * IPP Intermountain —
+ Railroad DC Tile Adelanto + Higashi-Shimizu * Sakuma
+ Oklaunion « Pacific Intertie Upgrade . * Jeju3 + Champa-Kurukshetra 1/2
» Mackinac * Madawaska . - ASIa « Changji-Guquan « Zhangbei
« IPP Upgrade « Highgate « Raigarh-Pugalur « Leyte-Luzon
« Blackwater Upgrade « Chateauguay Upgrade * North East Agra
+ Outaouais « CU project + Jinping — Sunan
« Hulinbeir — Liaoning
* Qinghai-Tibet
* Yunnan-Guangxi
. . « Lingboa li Extension
SOUth Amerlca « Xiangjiaba — Shanghai
« Itaipu » Three Gorges — Shanghai
 Rio Madeira Back-to-back <& . * Vizag Li
* Rio Madeira * Three Gorges —
« Brazil — Argentina Guangdong
* Interconnection | & Il « Three Gorges —
. Changzhou
* Xiluodu-Zhexi
* Hami-Zhengzhou
H « Lingzhou-Shaoxing
—= Africa  Jinbei-Nanjing
« Caprivi Link + Cahora Bassa « Jiuquan-Hunan
« Inga — Kolwezi Upgrade » Shanghaimiao-Shandong
» Cahora Bassa, Songo - . - . » Ximeng-Taizhou
« Apollo Upgrade Australia and Oceania - Dianxibei-Guangdong
« Inga — Kolwezi  Murfaylink  Broken Hill * Zhalute-Qingzhou
\ ) . * Chapad
* Directlink  Rihand-Delhi

* NewZealand 1

. Newzealand 2 * Gezhouba — Shanghai

* Vindyachai

Project executed by Hitachi ABB Project delivered by ALL other suppliers

Internal - =
10 © 2022 Hitachi Energy. All rights reserved. @ HltaChl Energy



HVDC Interconnecting grids for a sustainable energy system lﬂgl‘%,?,!,'!,!f

DC AN\ RC o e 0

o e O AC /\
Y === N
000 mm=Tt M ¢ > MM =Ze &%
XX, E= = P
o O e =S5 ) . = o O'e
High Voltage Direct Current
Customer HVDC Power Transmission HVDC Customer
grid Converter | ang or Submarine cables ~ COnverter grid
Station or Overhead lines Station
Classic or Classic or
Light® Light®

Lower losses

« Connects synchronous grids and

asynchronous grids =0
« Technology of choice for bulk power | { l |
transmission over long distances with
minimum losses J Controlled More grid stability
power flows and versatility

« Controllable power flow enables precis
energy trading

\
* Resolves AC bottlenecks in AC grids @ ﬂ
g > A S =1
« Ensure stability of the grid
* Minimal environmental impact

T Y T T
i f} (=l

S A

Smaller footprint More sustainable

Y

HVDC, the tool of choice to connect, dispatch and trade renewable power for sustainable energy systems

@ Hitachi Energy

Internal
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Record-breaking HVDC technologies HITACHI

Inspire the Next

SSILA [
>< A @

720 km

North Sea Link

Saudi Arabia - Egypt

D, »

First ever large-scale HVDC interconnection World’s longest sub-sea electricity One of the world’s most powerful VSC
in the Middle East and Africa interconnector interconnectors

S L
|

i
3.6 GW

Dogger Bank Wind Farm

1,100 kV

“",,.l Changji-Guquan N\ N North-East Agra

Connecting the world’s largest offshore The world’s most powerful UHVDC* converter  The world’s first multi-terminal UHVDC*
windfarm to the UK transformer transmission link

_ ) ) _ _ Customer handover years:
@ ! operations In final trial, commercially operational ‘ Recently awarded North-East Agra 2017, Changji — Gugquan 2019, NordLink 2020,
NSL 2022, Dogger Bank 2023-2025, Saudi Arabia — Egypt 2025/2026

Internal . .
12 © 2022 Hitachi Energy. All rights reserved. *Ultra-high voltage direct current @ HltaChl Energy



Accelerating the energy transition in 2022 headline news HITACHI

Inspire the Next

Customers: Customer:
TenneT and | - &, GCCIA
TransnetBW : \ UAE

Supporting Germany’s energy transition with an
HVDC solution for Suedlink DC4 between the
north and south of the country

Rehabilliting a complete BtB existing plant
between Kuweit, Saudi, UAE

[ " A
NI

Customer:
Orsted

Hydro
Offshore

Quebec
Canada

Connectlng one of the worId S Iargest offshore
wind farms to the UK power grid and providing Canada and USA NY state
more power to more than 3 million homes

New Back-to-Back VSC ChateauGuay between

Internal - =
13 © 2022 Hitachi Energy. All rights reserved. @ HltaChl Energy



HVDC applications HITACHI

Shaping the grids of the future Inspire the Next

_

g i

nn ELED o :ﬁé — .E_ﬁ -:'_“Q-Q, 'E_'_né
BrEi—g -t
[ 1 =

EE
. i N
DG links in AG grids ﬁ — =Bo 280 S8s
: == = ! !
i o | EE Lo S Al
Intercannecting grids . Lipgrades City centar infead
o - E% . i Back-lo-back

\]3 Conneeting remote oads g L U_.JL |EID_|

¥ s

%ﬂ}
il ‘:?Fs.

gb = OE ».—
| SE=a T = L A s . L _J-jltfél-\ & =

Connecting remote
generation

Offshore wind connections Interconnecting grids DC links in AC grids Connecting remote loads Power from shore City center infeed Upgradesllife-cycle
services

Internal
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The first regional DC Grid in Europe HITACHI

Inspire the Next

Customer
]
Scottish and Southern Electricity Networks (SSEN) Transmission ..,’,::
‘h
.1"
L) 1:--
Customer needs Shetland/Kergord ;25
_ o 600 MW, £197 MVAr ) en
To link Shetland to the UK transmission system A
Our response L
— First multi-terminal HVDC interconnection in Europe, with option of two more terminals ’..*'
— 600 MW %320 kV e
'd
. Caithness/Spittal - TPw=n ¢
Customer benefits 80D MW, =263 MVAr -
— Multi-terminal HVDC interconnection provides flexibility to transfer power in multiple directions, _@.lﬁ_l_’l" DC Switching station

based on supply and demand, with minimal power losses Bunicatn
— Boost renewable energy and enhance security of power supply
— Help to connect and transmit wind power generated on the islands to the UK
— Contribute to bringing all greenhouse gas emissions to net zero by 2050

Elgin
L]
e g |
2024 — Peiariead
— Symmetric monopole +320 kVdc :lm:imm 4
L . L r -
q HVDC Light® m — Blackhillock: 1,200 MW m DC Switching station

Sl converter stations f9] - Spittal: 800 MW at multi-terminal

— Kergord: 600 MW connection point

Caithness-Moray-Shetland HVDC Link - Phase 1+2

Internal
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VSC HVDC Light® - Power ratings HITACHI

Inspire the Next

VSC Valve Cell

Power capacity (MW)

m 80 kV m 150 kV m 320 kV m 525 kV 640 kV 800 kV

Intarnal

16 © 2022 Hitachi Energy. All rights reserved. @HitaChi Energy



Converter Station Layout

HITACHI

Inspire the Next

188 m
BoaclorArea
DC Pole Bus. Pole 1.04)
ACAma._
" DC Neutral Bus Pole 1
\'\
N y Bipcle Neuteal Ares
- Disel Generaior Enchsure
Pole 1 /

/ Dissed Taok

DC Lne Pala 1 (1)
AC Fiter Area
.
N\ DG Lre Palke 2 (=)
//
/
Relay Bulding . -/, 11000
Spare Transformar }
MVS Building. 3| E
Relay Buikling I % =
APl A |
= —1

Pole 2

e __DC Pl Bus Pole 2 (=)

Intarnal
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Evolution of HVDC Light®

Design objectives

Key points

Market drives development
Part of continuous development
Design criteria:

— Lower losses

— Optimize size

— Cost efficient

— Health and Safety

— Well defined process from paper to operation

@ @ \

Two level Cascaded two level Modular multilevel
Intarnal

18 © 2022 Hitachi Energy. All rights reserved.

Losses (50)

HITACHI

Inspire the Next

3,5

B Hvoc Lighte
B HvocLee

25

1,5

0.5

1885 2000 2005 2010 2015 2020

@ Hitachi Energy



Power Electronics HITACHI

The versatile Swiss army”-knife for the energy transition Inspire the Next
Highlights Conventional Generator Virtual Generator
+ Emulate traditional generator behaviors &
interact with the power system the same Frequency control Frequency control
way as traditional synchronous machines. Fuel fset , feet
» Creates islanded grid by controlling its own [ L ——"
voltage and frequency > foet > £
» Enables seamless transfer between grid
connected & off-grid el | | —
« Overload capability ensuring availability - =Nk - ~ ==\ \
during transient loads 2
« Black Start capability T — vV Vi
act ac
* LVRT & HVRT capability
Ll = e
- Vset = Vset
Voltage control Voltage control
Power Flow Power Flow
> € >

Versatile inverter platform with virtual generator functionality

Internal . .
19 © 2022 Hitachi Energy. Al rights reserved. @ Hitachi Energy



Future Power Systems — Technology trends HITACHI

Inspire the Next

Past ... The conventional utility grid Future ... The carbon-neutral future is electric

Generation — Grid — Industry and large commercial — Generation Grid - Industry and large commercial —
£ Traditianal e Traditional
o - HYDC —E g ﬁ =| .. Meshed HVDE .ﬁf’ﬁ— %
5 e o jor— : Qe
i oo ] i s
. UPFC
FACTS SC S‘I’A'I‘Cﬂl}m E intensive el AC PE DE PE _l E intenzive
@ Industry wilnd protections protections STATCOM Industry
B £ P
Pumped Hydro |:._|'1'H il Pumped Hydro - &’: &i’l
X == CRI Ll = C
—— STATCOM o ﬂ&= o STATCOM ] @ i
Act. filter -‘D’- & il STATCOM . MVDE+ Aet. Tilter BESS
l‘:r.l T i » s5T =
STATCOM Ha MYDLSST | panewable utliity Storage |-;Il|-c.§ L,argednc Ha “_ti
L - — Storaga and E-5TATCOMs Loads 5
Transportation —— = — Transportation -
=T & + 2=
ﬂ).l——’_l_—l _ > MVDC+SST E d L=
o olst SFG i '”5t _i ; Sy sMhi iy &—=
taT >—|‘ rid FH *3 Grid |—05ﬂ h B * — BESS
mm:rfm —L L @ETATGDM. O wind el Off-Grid il lsmmuml ==
- Aet, Tilter turbines Starage MYDCHSST  STATCOM At filter 7 A

Power Electronics a niche application Power Electronics across the total Power Grid

Power Electronics coupled with Digital enables electricity to be the backbone of the carbon-neutral future

Internal
20 © 2022 Hitachi Energy. All rights reserved.
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Tennet 2 GW program to reach 52 GW by 2030 in DE+NL HITACHI

Inspire the Next

The evolution of transmission capacity
12 GW today and tomorrow

¥ =l [ [y -k
: A i i 11 el
¥ (S0 e 152 e

|
W W W , Scope of
.- \— - - ~I - R B R B - B : ‘;\ki\i\v [ l(_)ngL‘i‘T]
5% S . 44 ,. 1224 |
L B B B B B B R R R R R R R R ER B R BRER R RB
5= = = = 5 = : :
|
.~ A i |
400 MW 700 MW 900 MW : 2 GW

O One new 2 GW 525 kV bipole platform design to fit Hitachi Energy, Siemens Energy and GE Vernova
O One cable design with bipole and metallic return to fit NKT, Prysmian and others

0 One contract model and Framework approach

O Nine projects in Tennet Netherlands and six in Tennet Germany (30 GW)

Internal
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No lack of visionary projects for massive HVDC deployment HITACHI

Inspire the Next

240 GW offshore wind in North and Baltic Seas xlinks 3.6 MW wind and solar from Morocco to UK

: ’ v Agresment secured with Mational Grid for teo
Nordseeanrainer Ostseeanrainer i 33"' _ . -
LBCW cornectors in Dewvon
] / "
Narwegen 78GW i"=' e EREm Schwoden £5GW » Fowering 7 million homes before the erd of
{ AT 8 4
w .0 5 + Finaland BGW
Danemark 2396w R o< i ! « Delivering 3.6GW for an average of 204 hours
+ . - .
Vorginigtes smacw sa " r . 78GW a day providing frm and flexible ensrgy
Kanigrekh " B mlg i ps o— l =
| [ — ottand 1
Nederande 2376w i ] 2 ‘\ am _— o - __\\
B T T A " wEs b y
- S . ' =31 . L. Liauen 1.6GW J
[ 8 - - | ﬁ/__l":r
2 Y
Frankreich 453 CwW l l S R e Poea 154 GW /
............ -_— N
; pa T
Deutschiang es7ow TR - . | Jep— 43GW
Nordsee ca. 189 OW Ostsee ca. 50 GW
Orew Fravowehy

SINGAPORE

-----

INDONESIA .

170 KM 500 M ASOVE SEA-LEVEL
LENGTH OF THE LINE HEIOHT IE THE JINS

LICHT I

200 « 34 saiin

HILNE

Internal
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HITACHI

Future scenarios - Offshore wind expansion North and Baltic Seas Inspire the Next

=R

2
= Meshed Offshore Grid (MOG)

v' Strengthens European energy markets gﬁ“
v Enable efficient integration and exchange of » Energy islands and small, platform-sized
renewables = HVDC hubs outspread across the North Seas
% and connected to each other via DC and to
v" Increased security of supply across Europe nearest landing points independent of EEZ
* Provides interconnection between countries
v" Allows higher utilization of infrastructure during periods of low wind




HITACHI

Inspire the Next

Outlook from ABB to Hitachi

@ Hitachi Energy



Hitachi Energy at a glance HITACHI
Part of Hitachi with 368.000 employees and approx. 76 BUSD revenue Inspire the Next

40,000 employees

90+ ~250
countries with years’ heritage
g_n” 200 offices combined
,E P \ :
.\ \ | 5,500 2,000
sales employees engineers &

& field engineers scientists in R&D

Four Business Units

o Hea}dquartgrs in £ . Grid High Voltage
Zurich, Switzerland = A N o Automation Products

Grid Integration Transformers

‘ Transport & Infrastructure gg;t\CvC:rz & Automation . Asia, Middle East & Africa

m Industry m Americas
i m Systems
m Utilities = Products m Europe

Internal . .
25 © 2022 Hitachi Energy. All rights reserved. @ H|taCh| Energy



Our heritage: 13 decades of power transmission

1893

First 3-phase
transmission

? system, Sweden
=1 1954
% First
° commercial
HVDC? link
Pioneering
FACTS?
1883
ASEA
BROWN BOVERI
1891
[ )
= o 1932
m 2 World’s largest self-
cooling
transformer’
Internal

26
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1970

Led development
of first SCADA
? system

4L HR R
Mwpmw

1988

1968

Pioneered gas-
insulated substations
(GIS)4

—
[ ]
[F&~] 2004

é Pioneered
implementation of
IEC 61850, open
communications
standard

1997

HVDC Light™ delivers
many environmental
benefits

2011

First digital
substation

sold
v 2012

OXOX. HVDC breaker
solving a 100-year-

old puzzle

2010

World's most powerful
and longest UHVDC ®
link

A A=

R

—T

HITACHI

Inspire the Next

2017/18

First digital
distribution
& power
transformers

@ Hitachi Energy

2021
2019
AN\  Firstutility

communication
network with
Quantum-Safe

2 O 1 5 cybersecurity

First eco-efficient

GIS and First HVDC

offshore wind

connection

@ Hitachi Energy



Our technology and innovation heritage includes pioneering HVDC ,,!:'Jl‘%,?{,’!,!f

Cumulated GW installed L
Q Ering grice of e
LT T
300 : = ; E 2 :
Where it “ﬁi ;FI T |Dﬁ—l——/
started —
1295 - AlBsers = 2007 + 2010 +« 2013 + 2014 + 2017 + Mow
250 m":m:_ﬁ:m“ Rusmio ® = et HUTKS Thos ook Bt 00 (1End VUG Drzaker cobelng Comginis® 130 b YR HUTIE ligheat ilsbal Hapd Hesponte
ot wint ] kW LIHYTAD bk sl a 130-year abd lechnology UHYDIC awsism pefmmancs wewr = 3000 Cenlers, &R and VE erabied
15328 — Or Uno Lamm o prokd Kiannlska- puzale snabling e DG-grids o developed MY, 620 kY, 2000 km and with echanied Cybar
ey deenbiping Shanqhal, China thi fulies Sararily
i Lssiviba
200 Swmiden
». [=1=1= === _ = S
150 Eo:f S58 S = -0;
55 omon onn 11115 = -
1954 —= 19503 —=* 1970s —= 1997 — 2000s —= 2005 R
Tha weorid’s firsi Corpclive manlsanoy Theprishor sl conducior Tha worid's sl HWDD Flrst Lorg Termm The wurlfs =
100 commercial HVOC fink and phone seppor walkies raplata My Lishi® WEC inssalalan Sereiza Lyiasman power from share
Al Gofand, Sweden sendoes staricd, ars wabies : framsmizsian % Tral
A, platteem
____Ff
0 —

1928 1954 1960s 1997 2017

VSC HVDC highest

Dr Uno Lamm began The world’s first Mercury arc valves The world’s first VSC
developing HVDC in commercial HVDC link  replaced with thyristor HVDC installation performance ever —
Ludvika, Sweden at Gotland, Sweden semiconductor valves 3,000 MW, 640 kV, 2,000 km

Exponential growth has been driven by technical developments and grid transformation needs

interna ®Hitachi Energy
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Ludvika - a world center of high voltage

Hitachi Energy at Ludvika Works. Ca. 3500 talents in power

Land:516 000 m2
Buildings: 253 000 m2

P

27
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HITACHI

People - the base for innovation and growth Inspire the Next

Diversity in thought

and experience helps us
create a dynamic global
culture of innovation
and collaboration that
enables our people
realize their highest
potential and

empowers us to deliver
on our mission

Powering good
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