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oz Y2 BE 4= Qo A2l HE0ME SR 4 T AT TAX| ABHO| A RTAZH2 5000AIZH FHEO|LE 2t=0) T &
RE HETX| AN, IV ISSHX|, +AS5EX|, BHEYR| S A= RS HRTIX| AR A 2TAZR2 SR ARZE ZEQI Ao 2 UX| 1
HRINAEE Tdot U= TR L B20| 2F gt tird S 4 ULt

2lgS SR X0l MEE = ATt

£2 K12 712 U SAQHIZ - iRl SANBRIO| X2 71242 1

o==TT" — T Lo =
7to] HRFRIAIAY L SAKERT |2 ABOR Qlsf &2 $70|
FC Move™ - _
product Offerings C}, HEEIX| A2 K7 MO = Clif A AP AEEIH AE 7124
It FARRE £ZFEO 2 HOME 4= UE A2 7[HE|L, +AKMEEY =
AVAILABILITY 2021 2022 |_|-|O=|7|t} EEEH3°| 7|. 74 A £FO I;(P_?T:_E 338 2atst 740 I|_-I%I-
POWER LEVEL(kW) 120-240  70-100 E":l_
Stack Lifetime, 1000's of hours )30 30 30 30 . _ -
2 % : Transport & Environment 20| [}2H TCO SHOIM &2 =
Module Power Density(W/L) 200 275 Y400 315 _
A AEXIQ| AR T |X7F AT |X1of HIsH B WS 7HE A2
Max Operating Temperature(°C) 85 85 95 90
§5._ Sl &7 AlRxI71 Ao 2 7| =X A7 x-lx 2k 7t
Operating Freeze Start Temp(°C) 25 25 35 -40 o s H ISEXDF ST STARE e

(32! 5) FHLICHLE=0| AZ K| AEH T 7|2

=
= =
A SO EHEH0| UCLE 2030 0|2 0|2 = = US A= ofled
£X] : blog.ballard.com/ballard—fuel—cell—technology—innovation E._“:|'

Fuel cell electric truck Battery electric truck
Paramet
rameters Hz |——-|“II I]Oz 1 @[I ’1{
VO—T- 0= VO o=
0= L T0=
Total cost of ownership over first 5-year user period
(based on France)
Vehicle purchase costs €139k €167k
Annual renewable fuel costs €38k €22k
Cost paritiy with diesel without subsidies Mid 2040s Early 2030s
Economies of scale with cars Low High
Max range without refuelling / recharging 1200km 800km

. . . . . 8 hours (overnight)
Refuelling / recharging time (full) 10~20 minutes 60 minutes(opportunity)

(O3 6) T7| X A HEXH| m(Z|CH ZxHZ 26E)
ZX{ : Comparison of hydrogen and battery electric trucks(2020, Transport&Environment)
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O OfMEILL UET Ul HiER] 7/20l Tl SO OB M R ST} 0f2i2 AEOICE S kg 800022! S4 74240] 50%
7IRKE B00Kkm 420 S8 O oIS e} 47O WORIERtE %7 k2§ 7 HI0| SIAf5] 450} Loty 2+
SANBAF AR KIAH0! HURS SHE5P| SN TCO  Rlof ZRSHE 220 TOO TS Zaisic TCO el Zazis
SEI0]A P! 9IS Siui5ts 20| SRSICE 20202 Hydogen  BH517| PIsALS 315 24 B3 712{0| ko 40008 +EO &
Councio] EA{5t SAZI|Xf2} F17[%10] TCO HmO| T2 UBH Xl 2 FHIZ e SANBXIO| X2 712= 30| 9l 450z
F7{a7} 650kmel MER S83I0) 32 FAIMoz MyIMet  TEsiord oz FNEr
SARPRALS SENS HoICt SANBRIO| 22 712 HUS Sl HASHE2| S M0 TS
Hycrogen Counci 2A10f 281 TCO ST SBAHEDIOfLiEt O BRSH 4 Q= HHK| U SATANHS L, ME5H= S
NERI F7|XOF SARPE A XO| LIX| 94 HOR HMEIE A BEEHD ST 7|2 0| LRSI HFKIAAMO|LF LAY
HIMO R ZfRIS UGS IS ABKIO| AR AARPHIIRIETE Y| S 712 HIB0| 52 RO AAS SIS 22N}
QEISICHL 2B QIOLHTCO SP0ME RIAERIJHA0| ZRSIS  ZROR HBH 4 = 20| LRSIt ot SANSR| KX
Ol[BILE $AX ABRIO) Dfeh AIR R SIS QISHAS SR KIotHiEfR] 7H 5 NS SRIH X0l Bl sEfRlo] 87
O1TCO TS It Chyst thot 277t lsict S| 22 712 BUS =250} ict,

TCO for Passenger Vehicles

USD/km —FCEV BEV ICE

4% Maintenance

05 05 e
Assembly 8%
04 04 04
0 Fuel and
16 A) infrastructure
03 03 03

_< Powertrain 35%
0.2 0.2 0.2 \<

\ o Non_
37 /0 powertrain
0.1 0.1 0.1 i .
2020 2050 2020 2050 2020 2050 Cost build-up in 2030

Small vehicle for SUV for Large vehicle for

urban transportation family usage commercial usage

(A/B) ) 0 ; (EH )

Rangeintank: Rangeintank: Rangeintank:

200km 600km 650km

6—o (6—o =%

(TR 7) SEXI0IM T7 Rt AR TCO H|w
ZX : Path to hydrogen competitiveness(2020, Hydrogen Council)
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TCO for trucks —FCEV BEV - ICE

USD/ton per km

LCV for urban MDT for regional HDT for long-haul
transportation transportation transportation

0.22 022 022 5% Maintenance
0.20 0.20 0.20

018 018 018

016 016 016 Assembly 0

014 014 014

012 012 012 Fueland

60% ;

010 010 010 infrastructure
0.08 0.08 0.08

0.06 0.06 0.06 Powertrain II 3%
004 004 004 &

0.02 0.02 0.02 Non

0 .
0 0 0 20% powertrain
2020 2050 2020 2050 2020 2050

Cost build-up for amedium

Rangein tank: Rangeintank: Range in tank: duty fuel cell truck in 2030

300km 500km 600km

~ ~
[ o_o] -—(..—IE '—‘000—‘00—@

(O3 8) HEBRI0IM T R}t AR TCO H|
ZX : Path to hydrogen competitiveness(2020, Hydrogen Council)

T Shed ABRIO| A D GI7hAH | £FOZ MTHEO  XhUMO| O1H|(96 2km/ko) ThY | ©F 14% 47E0f Sntsh 70| st
2 37| 2 MB0|0Z 510 AR ZIES SOt AR ST WO T T 2AMERI0| SIS B 13km/kg SEOIN 20knykg7HX| 814
7hElsict Al 1P HEH| B2 £5TC0 EFOIM 28 Mt 7K5E e
2 20Ir} ufaty SR} 50~55% 4791 HRFKNAL| 582 &
22 O AJAHO| LT S - SANSR SZFRINARIO| LT AIZI 4 Qls 712 JH0| X80 2 Tt Aol
0| oD HSAIS HRSHS S0t IH0| Off HIS0| LS 4 9 g L EHAE KET D SSUE Repor 20211 8212
=]

0f OIZ slaske Ui &= 7T SQSICE 2l MR| X[ES 2ot
Li7d 2I2E Pfet ttefet 7= 70| TR S0|H, LY |2 &fEXt

FEO| LT HES SR 4~ US R 7|t ATt

K

IXlE

(] A EAFZEE BMICE xEV A ESA Al 712 1A
(2018, et ity [ Hr el E)

| SFAl — £ AAMRKXIO| TCO 7HMS LlaiAf= S4RH 10~13km/kg [2] I(:uel Ce)ll Power Module for Heavy Duty Motive Applications
Ballard
A sH=o o E5 3| HAI= ' —_—
&R FASE(SH])Q| 7S St Hizt| FZo| =HAsiTh L [3] Impact of hydrogen SAE J2601 fueling methods on fueling time of
T+ A2510| OH|= 15km /L, [ ARRAH= 35km/L 2Z0 2 ARk} light—duty fuel cell electric vehicles(Argonne National Laboratory)
[4] Medium—and Heavy —Duty Vehicle Electrification(2020, DOE)
|7+ SR AH[Q| 23% HEO Lt SRl SAMEXIC| AR £AEE
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1) https://ec.europa.eu/commission/presscorner/api/files/attachment/865942/EU_Hydrogen_Strategy.pdf.pdf
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IRHAO| AP YIRIE
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o

2t
I | 2 N
A =2 Hi=ti= AHQI O[Ez/of =
Publication June 2018 & June March April Sept. 2020 | 1H 2020
Sept. 2020 2020 2020 2020 (SNAM) (CCO)
Ha
Technology
Technology ﬂ
Leadership
Hydrogen ﬂ ﬁ
for export
Imports of (]
Hydrogen

2y S =QRo| S AKX H| T

=X : https://www,.oxfordenergy.org/wpcms/wp—content/uploads/2021/03/Contrasting—European—
hydrogen—pathways—An—analysis—of—differing—approaches—in—key—markets—NG166.pdf
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@ ‘Hydrogen for Export & @ ‘Imports of Hydrogen Zt20| A £01. 45 7|2
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3) Brandle et al. (2020): Estimating Long-Term Global Supply Costs for Low-Carbon Hydrogen,
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