H—FK=a—b7 )
~RFELESDOERMBEBBEERKOWSA~

Hagiwara Electric Europe GmbH
Shigeki Nishimura
2/Mar/2022

© HAGIWARA ELECTRONICS CO.LTD. 2022 1



BiX HA@A?A

e EUBEIEEXE MikZRORE (PESTHOM: BUa. B, 5. %
fit7)
- P IUA : A BISEE, TTLE-BGR (BARRIFILEY-) | LCAGSA IYAY
IWITEAATK)  CFP(O—R>Tw hTUZ )
- E 19 EREETh. BA. #6 (\vFU-) | B5
- S R (ISEN. WS, WRS>F T, HEEEHEE RAER
- T Bl SR, FEEESRI. ARAREEEE. /(DA

o (BE) MUN HELHAIRHI(CO2) EHEVDOSE

© HAGIWARA ELECTRONICS CO.LTD. 2022 3



EBEERICE > THREEREVS T hOHTRS . BARBEREERT 3BE 53 HAghnen

Economical

A

Political
BGa

B ESEST
DR

Technological
i

Socio-cultural
=3 &1

P(EUER) . EERE) . S(ft=X1bry) | T(ElT) (CKD
T IPESTAMR EBCHo R

© HAGIWARA ELECTRONICS CO.LTD. 2022 4




PESTAHRICK D, BERMBENEBEERDBRFIEADRIT TOREDDhEH RO

EUBBIEESR MBRikF{ENDRE (PESTD1)

Economical

A

e
i ADER

o AR o LCA(T1IY

o ISIE(RE A IILT R A -

o TRJLF—IEE > ) Political
(FB&mlgeT e CFP(I—7R> Bua
JLF—) Jv hJTU>

)
Socio-cultural
a=av&|d:y

o fitE . CHEEEHZE

o 1 TSR (F2FNE M L)

o fHHIE

o BEMTATF VWV
=

© HAGIWARA ELECTRONICS CO.LTD. 2022

Technological
ity

HA@W@A

FEEBERAL
FEH

e U\
U—)

=t

EXNEAL
Fe & B ]
gk tiz ek
VANDALE SSC 27N




2015FICRESNE/NVBEICEDNT, HRZETHRIREFEDOEESHHS5NS

ke (D—R>Z1—bh5)V) OHUFRNREE

JVUHRTE (COP21) (2015%F)

B : EEERUEIN S DORE L
F%7 2 CEDO+2ME<IPZ
D

EHIEZ  @®POHOCHROBRERD

RHRHEZEF I B2

D, 2 1R F(CHEE S

HERBETOIC

SHNE (SHIRETEZRE U

IR IBIEFEZED

SERE : 19 6HEF - s

=I5

\ 4

COP26(FJ 5 ATd—) (2021%)
LR SANSY S VAN: 5%

LIEB<XE
TREIE (FTH
> feht,
2020 L0 20204 EMIU—>7
. RATHEN « —)LDKER
Znolz (19€128)
304 90fFLETAR
< EB55%H,
404
H—R>=
S0 a1— k3L
604

=)

FESREan BUBFDARERE LB D

© HAGIWARA ELECTRONICS CO.LTD. 2022

134FLET
46%iH. =5
(C50% (CHkEK

Hh—mR>=
a1—hb3I)L

BiE

wwﬂhmm

o ow W

INUBRTEENR
& IRTE

Q0L TR
< &HE68%:i

H—R>=
a—hb3I)L

*
* -
W

+

306K TIC
CO28FLZZ ik
D (CHRiR

h—m>=
a1—b3I)L

HERHREI DT ED

6



European Green Deal(d.

[AREZFEBER] The European Green Deal (EGD)

2050 DREMHRARFHEE Y MEZOZBHIEITEUDEIR
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Increasing the EU’s Climate
ambition for 2030 and 2050

A

Supplying clean, affordable
and secure energy

Mobilising industry
for a clean and circular economy

Building and renovatingin an
energy and resource efficient way

Financing the transition

TheEU asa
global leader

®

EU’s economy fora
sustainable future

Mobilising research
and fostering innovation

The European Green Deal
(EGD)&(&?

A zero pollution ambition
for a toxic-free environment

\
Preserving and restoring
ecosystems and biodiversity
1

From ‘Farm to Fork’: a fair,
healthy and environmentally
friendly food system
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15 UTZ2050FE0DR =%
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H—mR>Za1—br3I) .
2030FDHEHHIIKRBEZE1990
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B

10N

/
Accelerating the shift to
sustainable and smart mobility

Leave no one behind
(Just Transition)

A European
Climate Pact
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Horizon
Europe

THE NEXT EU RESEARCH & INNOVATION
PROGRAMME (2021 -2027)
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Electrication will cause a major shift in the entire supply chain Accelerated scenario, European market
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2 57 (3;2)
(3%) 64 (9%)
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SE: 40 GWh
MORYOW -
2024, Agder northvol
Bis zu 32 GWh M 2021, Skelleftea

Bis zu 40 GWh

1 4

D Hydro equinor %~
Panasonic
202X, Norwegen

X GWh

Batterieprojekte: BATTERY- |5
November 2021 NEWS.DE
T e Gereve
2026, Europa 2023, Mo i Rana
’
Q Bis zu 50 GWh Bis zu 34 GWh
2026, Russland .@
Biszu 12 GWh
202X, Europa
(/) CALB X GWh
202X, Europa qcc
Bis zu X GWh 202X, Europa
X GWh
e Envision AESLC
amte 2012, Sunderland
2028;/1huiso Bis zu 35 GWh
Bis zu 5 GWh
— SRITISHVOLT
2025, Convetry 2023, Blyth
Bis zu 35 GWh

Bis zu 60 GWh

QCC

AUTOMOTIVE CEiLs Co

2022, Dury
Bis zu 24 GWh

u(v.m.

2023, Frankreich
Bis zu 50+ GWh
é Envision N\ESC

2024, Douai
Bis zu 24 GWh

m S seaT

202X, Barcelona
X GWh

IT: 70 GWh

ITALVOLT
2024, Italien
Bis zu 70 GWh

| -

EH®

202X, Tschechien
X GWh
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DE: 411,1 GWh

B
microvast

‘ Blackstone Resources

CATL(F[EH),
TESLA(EXK) 72
EDHELFHE

2021, Brandenburg 2021, D&bln

Biszu 12 GWh Bis zu 0,5 GWh

ﬂ” I.eda‘ld‘lé 1‘&@ s

2020, Willstat 2022, Bitterfeld

Bis zu 2,5 GWh Bis zu 16 GWh

@’ . ) northvolt

2024, Tubingen 2024, Salzgitter

> 0,1 GWh Bis zu 24 GWh

Ny / a %

sVoLTr CATL

2023, Uberherm 2022, Erfurt

24 GWh \ Bis zu 100 GWh J

QcCC = =

ASTUBITAR SEAL S T = 5 L m

2022, Kaiserlautern 202X, Griinheide

Bis zu 24 GWh . Biszu200GWh )
i

2018, Wroclaw
Bis zu 65 GWh

SK: 10 GWh s &

| scoown [N

2020, Bratislava
10 GWh

HU: 77,3 GWh

SAMSUNG

2018, God
Bis zu 30 GWh

SK innovation

2020, Komarom &
lvansca Bis zu 47,3

GWh

Autor: Maximilian Terren & Mischa Wyboris, 19/Nov/2021
https://battery-news.de/index.php/2021/11/19/batterieprojekte-in-europa-stand-november-2021/
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[J\wFU—] BEVEDIRX MEE(20195F##4r) (4

HAﬁvAQA

ICEEE(*))

JYF > UP—(CLDHAE

(*) ICEEE HIRMERIT> =28

Cost walk of ICE' to electric-vehicle (EV) C-Car in 2019,

IND=TL zppupne

AV Fo—BI)

ZHh0O=7  (42.5K$)

estimated average per vehicle, $ thousand Cvw 5= 1) —
a7 0T A E—S ICEE & Hai L
EEIX b >
- (+9.5.  (12:5K3) 34-35 A& DBEVE
N—R &R ECE\&E;OLDJ 10.5K%) 25 T DR MMENIS
BICEED = Bl ... (12K$ = 9
X b %l < Power indirect cost 12 120E|I_|)
'3K electronics because of — It =1
(22.5K'$)  (-3K$) clectronics - because | ESWASEAD
” o5 (BEVERFSE DIAA
SN AN Y F
Remove Assumed 50- ) 17_{;’
Direct ICE-related kWh? battery- >\( Uy hOYE
content pack cost at SR EL
$190-$210 SR
per kWh
Indirect? 1kWhar /2D
$190-$2107T
B
Base ICE-vehicle Base ICE-vehicle total cost Base EV
total cost without ICE-related content total cost
'Internal combustion engine.
Includes average incentive cost of $2,000,
FKilowatt-hour; includes battery-management system,.
Source: Industry experts; UBS; McKinsey analysis
. T
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[J\w>FU—] BEVEDIRXRNID>SFUA (20254)

NvFtP—(CLDRE

2019%FD
EVEETZ ~
(27.4-
28.8K $)

27.4-28.8
Battery
pack, power

electronics,
and e-motor

Direct

Indirect’

Base EV cost
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N5 —
it
(-3.9K$)

~3.9

Reduction in

battery-pack

cost to ~$100
per kWh?

1kWh37zD
$100 & ZkBE
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~0.5

10%
improvement
in battery
efficiency,
requiring less
battery
capacity

TOMDIARX BT T>
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w s EEE F)
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~0.8
0.b
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in power indirect
electronics cost from
and e-mator increase in
through annual pro-
integration duction
and scale volume to
=200,000

Cost reductions in 2019-25

0.5
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[ee)
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Base EV cost
in 2025
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C-Car cost
in 2025*
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ICE MARGIN

/\ Lower factory costs
AN thanks to multi-brand
Increasing factories
economies
of scale

"\ Battery cost

Lower R&D thanks to savings
shared platform and
Group synergies
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b BIZE. RAVTIBLEE
10,000€ BH (BEV)ZEBATDE
9,000€ 9000EUR (/ﬁi’\]llOEF?) D
8,000€ HBIENZIEETND
7,000€ %
6,000€
5,000€
4,000€ i
3,000€
2,000€
0 S—sz'.‘;-;§$§:3§‘:$‘23ﬁ§33325’;2

@ ¢ P L. -'b -'o O D ot > O

\,°+ &

@ FullEVpurchase incentive @ Best case scrappage scheme
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(1> TJ5%{E] EURADEVRPREBAI > R RRESELERNR (HE)
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1.3 million public chargers in 2025 and 2.9
million in 2030 (Road2Zero scenario)

Austria s 3 Italy

Belgium E .84 Latvia

Bulgaria ; Lithuania

800K

2050FDOH—R>—1— 3L
ZERKIC(E. 20254 T130/.
2030FC290 K DFRERST > R
NE

- 10/ TIRTEDFII5E

Croatia 7 3% Luxembourg
Cyprus Rik Maita 0% 700K

Czech Republic 3 5% Netherlands

Denmark E 5% Poland

[2}]
(=]
o
-

Estonia 2% Portugal

Finland 5 Tk Romania 500K

France , 4% Slovakia
400K

Germany : 9% Slovenia

Greece . Spain 300K

Hungary : .6% Sweden

Ireland

Number of public charge points
B
(o)
=

EU I\—/S'i'l:‘C\ %9 AS>H. TSR, RAVYD 3 HE — France
227§ @}Eée:-?\@/ TEUE2AD 7 El= 553D
RO ERH @ Today @ 2025 @ 2030
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ZO0EMMDBEVEDR—

RIAUA (2020-2021)

Carmakers Pre-2020 models H1 2020 H2 2020 2021
12 5 €208, 2008, Corsa-e, | _ .
PSA Ampera-e, C-zero, iOn| oot 0 e-C4 Mokka-e
@ XC 40, Polestar 2
FCA Model 3, S, and X 500e Model Y
@ i3 Mini iX3, iNext, i4
‘*, Zoe Twingo Dacia EV
g Wi
g AN MX-30, Lexus UX
mazoa TOYOTA
@ Leaf Ariya
o Mach-E
@ “/)f lonig, Kona, e-Soul,
HYLNDAI e-Niro
eGolf, e-tron, Taycan, 1D.3,1D.4, Enyaq, ID.5,
Mii, Citigo, eUp! e-tron Sportback Cuprael-Born e-tron GT,Q4 e-tron
&D " |1-Pace XJ, J-Pace
DAIMLER EQ C, Fortwo, Forfour EQA,EQB,EQS,EQE
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https://www.youtube.com/channel/UCIWPcMtAS-iN3ej2o0WhttvA
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Source: Yole Développement

[#hZR4{E] BEVODfin#kieBtZ I FILT

4 + 5 = Driving range

S.
- Loads , E’ 5 a4
A - - ‘;‘,

Larger battery size (kWh) & Higher Voltage >
new battery technologies | 800V battery

NNy FU—KRFEM
AREE (Li-Ion>Z2EHK)

ers list
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it/ O —484K (Si — SiC)

(SICERA. &)

3b.
2 f [other 3a.  Traction inverter 4.
converters | pc ' = A(_AC
i AC ' motor
e e S +gearbox
High-efficiency DC/AC | High-efficiency and
conversion : lightweight AC motor
P(loss) ~ RI2 SiC-based inverter ‘ ! Different companies made different
Improved device packaging | motor choices (PMSM, EESM,
o Bl s % Improved inverter topology | ASM...)
TSIC. oo ®
_— e TOYOTA '
=E&EE{6(400V—>800V) DC/ACEHDNEAL -5 —/NBIEEL |,

2022
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~ IBSET ¢

[72EERSR] 800VILIC kB 2EFE

GlelllLd J

kw @ 800V
w /150 kW @ 400 V 350 standard

ional

50 k

50kW @400V,

DC Chafgmg | A, S Th ﬁ' Taycan(&
& IV e @ao0y | 350KW@BOOVIIS
80%FEZ 153 Cx T
(100km7 7 £4531)

DCFEB(23)

26/Jun/2019 Automobil Elektronik Kongress in Ludwigsburg
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[#hF{E] N> RBEVHSODEEREIE (400V—>800V)

1,000 kW

900 kW

800 kW

700 kW

600 kW

500 kW

400 kW

300 kW

Electric machine power (kW)

200 kW

100 kW

0 kW

650V — 750V silicon IGBT 1,200V silicon IGBT
650V SiC MOSFET (Tesla 1,200V SiC MOSFETSs (near future)
Model 3) '
" ~
Concept_One from Rimac (high-end
car, only a few cars produced)
Electric For
Mustang
(prototype, 2019)
= .
EMaotion from
Mitsubishi Outlander @ﬁsker (postponed)
S Porsche
a7 Taycan (EV)
AVL Coup-e 800 (2012)
— 800V vehicle prototype
oV 100V 200V 300V 400V 500V 600V 700V 800V 980V

Battery pack voltage (V)
]
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e
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GROUP : '

SSP MECHATRONICS ) . .
PLATFORM

Koy enabler for future technologles like AD

£TC.800VZD
EVJSwY hJA—A
(Trinity)

(*) SSP : Scalable Systems Platform
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Si IGBT — SiC{bICKDFNE
(BE. &8)

400V battery

Tesla Model 3 inverter

Porsche Taycan

System with i

System with

Si IGBT SiC

: t Battery voltage boost converter = 650V g -
TOYOTA v Volume 8.775 cc 1.350 cc
_ — s E
4 i Y oyota Prius t |
f__o rresunt - rite + Chip Size 1/4

—

Fig. 3: Advantages of SiC become obvious when comparing
a Si-IGBT and a SiC-MOSFET on the system level

Yole Development @ PCIM conference (July/2020)
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O IGBT
SiC
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’;‘ 100K inverter converter
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_sstem | T On-Board Chargeri®

10K 100K 1M 10M

Frequency (Hz)
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— xR CO2HEEE (F/XEVHIEI, 2020/Jan-0ct)

Volume weighted average CO., emissions in g/km
(NEDC correlated) by fuel type. Europe-22 Jan-Oct 2020

Diesel Market Share
1222 28%
51%
1212 /\47‘2\; RTH
. 2021F0D
104} 10% ) dspmomes
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A
101 4.3% -
5.0%
E=JATO 2021 E#(E 95g/km
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Porche Panamera 4 E-Hybrid
ECE R101 rev3

46257, m=iEE 280km

- SR 20LVeTITY
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Mercedes Benz GLC SUV
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(*) LCA : Life Cycle Assessment, CFP : Carbon Foot Print
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