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average or total
200~300kg/H
60 Number of open retail stations 31 33 35 35 39 39 40 40 || 40 |
300~500kg/ H 9 % change over previous quarter +65%|  +6.1% +11.4% +26%
W 500~1000kg/H Average retail price of hydrogen ($/kg) $16.30 $16.34 $16.34 $16.48 $16.38 $16. $16.59 $16.54( $16.51 |
50 Range of retail prices (¥/kg) 14.99-16.78 14.99-16.78| 14.99-16.78| 14.99-17.99| 14.99-18.29| 14.99-19.99| 14.99-19.99| 14.99-18.71
1000kg/H L E % change ower previous quarter +0.3% 0.0% +0.9% 0.6% +0.9%) +0.3% 0.3%
Average daily hydrogen sold (kg/day) 1,625} 2,135 2528 2,614 3,028 3,239) 3333 3,357)| 3239 |
% change over previous quarter +31.4% +18.4% +3.4% +15.8% +7.0% +2.9% +0.7%
40 > Awverage station capacity utilization (%) 21.8% 28.2% 30.9% 31.6% 35.4% 34.2%| 34.4% 33.6%, 34.4%
5 9% change ower previous quarter +29.1% +9.6% +25%| +12.1% -3.4% +0.5% 22%
Total number of fueling events 471 60,645 74,150, 81,921 92,003 94,904/ 101,481 101,825 | 390,213 [
30 9% change ower previous quarter +286%| +223%| +105%| +12.3% +3.2% +6.9% +0.3%
Total hydrogen dispensed (kg) 149500 192,150 230,048] 240488 278576 291510 303,303 308844| 1,182,233 |
9% change over previous quarter +285%| +19.7% +45%| +15.8% +4.6% +4.0% +1.8%
20 Average fueling quantity (kg/sale) 3.17| 3.17] 3.10 294 3.03 3.07] 2.99 3.03 3.03
9% change ower previous quarter 0.1% 21% 5.4% +31% +1.4% 27% +1.5%
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LCFS(Low Carbon Fuel Standard )
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A. Cl B. Cl C. EER
CH3 p>d aaa Cl, gC0O2/MJ EER EER
&2 9> 29 &2 90> 290 -
Cl mM gCo02 CH3 p 100% R'H 100.82 Chsp=1 v =1
2020 91.5&) v 100% R 100.45 CH3pepSp>d 1 On. /bnepSpod 1
2021 90.74 Cl CNG 79.81 .
2022 89.50 Ok Op 100%3 t'H 8319 ||CNG2(7" 7) L GNG>(w 7)) !
2023 88.25 K. E.p 90.00 | |BEV 34 |BEExXAp HI 5
2024 87.01 Junk .| 50.00 )
~00E ot 77 Ho b [ . Jbn 25.00 FCV @ FCHI ExAp 1.9
2026 8452 pb3TonUt @& 93.75 ||LPG3 (3Lt 3) 1 LPG3 (4 3) 0.9
2027 83.28 100%™ &/-D-f&) TG
2028 82.04 clr " ® D" %oH, 117.67 2 N - -
2029 20,80 ci - CXE 150.94 2020 J | MV EN| N FCV \ N
” ~T " e” § H 164.46 (91.98 -117.67/25) a
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LCFS(Low Carbon Fuel Standard )
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44.9gCO2/MI GM A nY 14 1 MI&105=N 4M\ V| tCO2

X AdGNAMNVANAda z° HRIN 4M Y A AX 7 ‘
2019 2020 > . , , .
—— XN St4 44 | A 15J A | N A 12N
Q1 Q2 Q3 Q4 aat Q1 Q2 ~ PR ~ - g . |
KERTIL Vv bt 2,535 3,048 3,886 4,353 13,822 3,902 3,029 ANy 1+ / NAMVAXD P.
HRI ZLTw Rt - 4,392 4,480 6,525 15,397 9,010 11,366
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0.012 2.50 450,000 /1 2001 417 N4V A A
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0.010 e
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Program Opportunity Notice Program Opportunity Notice Program Opportunity Notice Grant Funding Opportunity Grant Funding Opportunity Grant Funding Opportunity
2010.10.21 {RIRRE 2013.4.11R%E 2014.5.13R5E 2019.12.23 RE 2019.8.7 R7E 2018.8.6 RE
#2%8$15,718,934 12%8:611,999,172 #2%8: 546,625,491 #2%8:539,423,135 #4%8:54,845,001 #4%8:522,257,799 2) CTP N VAMY4 T &
16AF—3 3> TAT—iaw 29AT—33 19AT—3u EE A BEAIT
0RF—Yay 37avzok k 20200~ ° ~ GHG" 1990 4y 1
| l l I )
GFO-19-602 GFO-20-602 GF0-20-603 GFO-20-604 k 2030 ™ ° ©~ GHG™ 1990V 40%
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(H2RAM=Hydrogen Fuel Cell Demonstrations in Rail and Marine Applications at Ports)
1Y
on. o D Q1o Q o 'Q
ou. o1 | C Oh> " M. 600 |$ 200 400 2 0 %3
" H. pxTED 03 < - N >
. — O | i
on. b2 SaopTx 600 |$ 200 400 20 %3 NCar bon | N159gCO2/MIY> 4]
i J 40%2 A" v D°
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on. 3 i 60 |$ 20 60 0 %3 |
VpFS
<2020.12.10 > N St ShellX | PlugPower 4~ 12 X0
PJ ,
(Q )
Golc_ien Gate Zero Emission Small Fast Multi-Use Hydrogen Fuel Cell Harbor $2.000,000| $2.000.000| $1.401.178| $3.401178
Marine, Inc. Craft
Institute of Gas Technology dba |_. . .
Gas Technology Institute Sierra Northern Hydrogen Locomotive Project $3,999,971| $3,999,971| $1,927,405| $5,927,376
o Equilon Enterprises LLC d/b/a : : :
i Dk 2 Shell Oil Products US Shell Multi-Modal Hydrogen Refueling Station $4,000,000( $4,000,000| $2,810,400| $6,810,400
o HyZET: A Design and Feasibility Study of a Fuel
i O k 3|CALSTART, Inc. Cell-Powered Commercial Harbor Craft $498,309 $498,309 $125,000 $623,309
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. En. pl0 mileQB6 Y8
41341b" % A9

& :360mile :68 MPGe

AN HONDAM N 1Mn\

ENEOS #iftkitiatt

42 5 h Q86 ¢ 60,000 mile

Om. En. p10 mile@6 ¢ 10

~ 3990 Ib

, a :380mile :61MPGe
5

A HyundaiMn1MnV

Mercedes -Benz GLC F-CELL

FCVMp Y 3 A X
d ¢ ¢YnboMoM

400km+ HAT 3 . 50km

"~ 0.91kg /100km . 3
217 Eunp 375Nm

" Kpp:4kg" 70MPa

3Yj 3pbp 13.5kwh"

N :Mercedes -BenzM n1MnM
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FCV( 1 ) AT AN dANT M) Y

NA 7T 9N MY T i Andnyin” .. N A i AN-Cl ean Vehicle Rebate Proj
HOVM YN Yn 0 ©°Clean Air Vehical eNBRMdgr ami A 5" Aixo |
\nin¥n' . X A 2. N | |
: o _ _ Cl ean Vehicle ReQYJBR e Projec
k FCV' A T VAME MM N1
MTT i@ 1500007 A 7 i 34/
(AnMOA) X 17 l I)CLEANVEHICLE
K™ & 16h/kg’ i 940kg N i »" REBATEPROJECT”
N < -~ ~ l lO’OOOkm é 15’Oookm -4 Ad nistered Dy L or California A ES0Urces boal M CARB
Toyota Mirai Fuel Cell
Vehicle Hyundai Nexo
k FCV NkAnM” i CARB . (i 4,500 AT
kCARB . . °Clean Vehicle Rebate _PrbFW®HR CV
L R T . i A" G250 , ATl
HOVM AN A n 0 | k AT 0T 7 iAnvnT A X600009 4% 0 3|
°Cl ean Air Vehicle Program%PHECAVYN P VYYn Ax35miled>AN v 5] T
kHOV(nghOccupancyVehche) MAYN Yn~ 0 KEV'PHEV " 777 [ J xB Y47 a2 ( 150D71A 0 .
i 4 n (CarPool) X A NG| 204 1N111 p30N1T1) | A .. "AxX] FCV A4
L (Car Pool) o Onccsssai( AN T A
ki 2018u " FCV AA° 1 Axo 4 m,_“,v‘mm
¥4~ a7 CVRP ADji 5 HOWM
NV \n @ o~" T 3" | 2 . .
k EVi PHEV N1 4" AX 144 i CVRP a NAMNA
A I "Xi HOVWMA N A n Tpo | k FCV  n 4 i G 8,000 0. x T p 0
k a T Wi Ak . TN T
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FCV( T Y A 447 (¢ )

0 (020264 )4 4 ° A D (2026 J O A °
—————— k CAFCP | 2030J 1000 a ~~ ®»93 1
CARBX A0 1n7Vn dina~ _ ) e :
S ROV A 2006 4 48000 ::131 CAR\BUWJ «JI y 5 | 2030J 201
, 50,000 ::::{::rl?: S.ﬂl,‘”"’" Optional Period 2,000,000 - 1.8M
; Ll S 900 1,800.000 7
L J— 5 1:600,000 -
g Projections l(\:l|ewer (2019), 10 1,400,000 -
w and oser,
O 30,000 ; 1,200,000 -
w v Depl + More Certaint ™ g ’ <
o Ey:h:)ey::iet:t_ ................... - | . > 27,000 k 1'000’000 '
% 20,000 ghangeiin Yeessassconsscsssans -......'.w i s a 800,000 i
etwor anaato erio
o Pl : L4 & 600,000 - o
RS PO A 7,172 Registration Data 400,000 - .
: ' 200,000 -
P f T s 285388 8 8 e < e
o © © © © © ©o © © © © ® Q 1 [ o Q Q 1 [
[JRange of Mandatory Period Data [ORange of Optional Period Data '1'0 '1’0 '1'0 ‘1'0 '19 '1'0 '19 ‘19 '19
© Reported Mandatory Period Estimates ¢ Reported Optional Period Estimates
O October Registrations A April Registrations - BAUS — R
-»- CAFCR “California Fuel Cell Revolution” 7 — X

CARBAD Aniyn” dY¥nAN"_ _ FCV 447 A CARB .
CARBY 14 Y FCV 9 1 A CARB

ENEOS i&tftkiatt



ZEV(Zero Emission Vehicle)
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3.FCV

ENEOS i&tftkiatt

k v k A A0 An\n i 20254 ZEV \( 4 22% X i N1 ZEV 1 AN4vMYANY) | 5000u
k FCVi EV 1 "~ 1 V¥ ZEV 4 A4 N4\ A ( T )l YA A \( (t 4:u3000 N4MYNA)
k \l"lvl\l“l',\“( 0op 0 (=TESLA X - ZEVN 41 M\ A R ?° 1 TESLA 9 I A ) 1)
kYAMY1I Y 7 9 N1 N /1\1\14‘4\1'\1 1 0N 4y 4 07 1
ZEV N 4 N 3uAT NIV AN &
% q M
= 0. b . 3¢ PHSAE 0. b . 5" PpHSAE
' N o010 |TESLA BEV 6,000.00 |Mazda BEV 6,000.00
{| B 5
" = ZEVIREIRFTEIA > B 6,000.00
sorg | FiALCHIYSler BEV 23,906.00 | HONDA BEV 23,906.00
15 > 0 23,906.00
Fiat chrysler  |BEV 469.00 |HONDA BEV 469.00
10 Sl 2017 |TESLA BEV 88,214.00 [TOYOTA BEV 88,214.00
145
> 0 88,683.00
5 .
s b : % ) i i - ZEV Nt co2 & A :CARB
20185F 2019%F 20204F 2021%F 20224 2023%F 20245 20255 it iient
0% 40% 80%
\ CASEORNIA Below 1990 levels Below 1990 levels Below 1990 levels
NIV A 19, - CONNECTICUT 10% 45% 80%
Below 1990 levels Below 2001 levels Below 2001 levels
UDDS AER
. . ; 25% 40% 20%
0. b > blg n PUSAE V‘L HARTLAND Below 2006 levels Below 2006 levels Below 2006 levels
EekK MIRAI 2018|H2 444.50 4.00 BE{.  MASSACHUSETTs LARPE - s
CLARITY FUEL CELL 2020|H2 519.00 4.00 0% 80%
NEW JERSEY
= LEAF S PLUS 2019LiB 364.05 4.00 J ot o i — B“"”:;i‘i"""
TESLA MODEL X STANDARD 2020|LiB 355.67 4.00 4, NEW YORK el Bolow 1990 fevels
Mo dx. SMART EQ FORTWO 2019|LiB 100.20 1.50 = OREGON 10% 75%
Below 1990 levels Below 1990 levels
HYUNDAI KONA ELECTIC 2020|LiB 413.59 4.00 = e —
VW E-GOLF 2018|LiB 184.00 2.34 "' SHODEISLAND Bolow 1990 levels Bolow 1990 levels Bolow 1890 levels
o i2on 2020 25790 28 [ oo ox mXT e

20
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FCVWANYYN Aa ( )

k 1 EO-B-32-15" i | CARBX 2016 ~ $§ 2030J ™ * ° California Sustainable Action Plan ANk GHG @
100,000 ~ N A4 YNV N Y A4 S 7. ¢ Califorpnila 2000 2014 2015 2020 2030 2040 2050
S usta I na b I € Fre INg h/ﬂ Act I on P I an ° FEL AT LGDP $36,731 $43,950 $44,829 $49,495 $60,334| $73,547 $89,653
k> -~ I CAFCP A4V NT N St _ -0 MD&HD FCIETERS ‘ ‘ ‘ ‘ ' ‘ ‘
i ~ ' i ao° CO2kd B
Act i on P I an f orAlCa I I ornita = 28.63 28.35 29.03 31.97 37.48 44,63 52.5
CO2-t
S0 AD NAMA GDP/CO2
- . co2 $1,283 $1,550 $1,544 $1,548 $1.610 $1,648 $1,708
% p xl t * \ $/C0O2-t
GDP/CO2tk DZE 1k, (R—=2,
. L _ S / U lEs | -0.40%|  -0.10%|  3.80%|  6.30%| 10.20%
Class1 2.733 Mini Van Cargo Van N Pickup Truck ) ) i\—'l.2014£'£ %ﬁg)
LDV
Class2a 2.7 3.19 - - . . .
e AU, ey ey CAFCP MD&HD FCET Action Plan for California
Class2b 3.9 4.5 MinivVan Cargo Van Full Size Pickup Step Van = = A N
ey R, Py e YMNT AL G
Classs 4.5 R Walk in Box Truck City Delivery Heavy Duty Pickup 13% 4% .\{ \4 \I " l\‘ l \I " \'I A{ ) "I
YANT A 1M
YINT AT A
Classd | 6.4 7. — T 6% | 2% ToqEE ol $YMNT N J X
Large Walkin ox Truc ity Delivery > ~ > ~ v,
S 1AV N1
CANANYNT T 0 pi
MDV Class5 7.3 8.8 & m “ 3% 1%
HDV Bucket Truck Large Walk in City Delivery M9AC
ACTr n > = > .
- VAN NT (35MPa)ST MMA
cosss | 5.5 11 e Ty Saall B 33% [12% © 500N 0na/
Beverage Truck Single Axle School Bus Rack Truck N 'T‘ \,l \4 ,\l X 46 70 /kg S D = ,!_
X ’ * 2.2604.75
e | 11,0 14 A WG, EEEEED s | o, |30 i /gallon(2020 v 10 &
Refuse Furniture City Transit Bus Truck Tractor =2.40 u /gallon)
s | 15. 0 | R 41% |78% =i g g
Cement Truck Truck Tractor Dump Truck Sleeper 21
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k CAFCP © MD&HD FCET Action PWam #Mar "Cali fornia®
k N =125mile i ¥ =100 O 200mile * i NobA 17 AT 162d 9 p” R TR A
k & i A 10012Jj v 8J k 500,000mile
CAFCP FCVANV YN da (A ) A CAFCP CAFCP FCNANN" 4G (M ) A :CAFCP
Parameter Minimum requirement for MD  Gasoline or CNG package delivery Parameter Minimum requirement for HD FC short ~ Diesel drayage truck (ultimate) benchmark
FC package delivery truck truck (ultimate) benchmark haul/drayage truck
Range per fueling’ >125 miles (daily) 400 miles (before refueling) Range per fueling® 100-200 miles (daily) 400 miles (before refueling)
Performance? 0-60 MPH in 26 sec (for Class 5) 0-60 MPH in 12 sec Performance? 1,200-1,800 fi-Ibs of torque 400 HP/1,200-1,800 ft-Ibs of torque
Refueling interval 1 day Multiple days, depending on duty cycle and Refueling interval 1-2 days 2-4 days
400 miles range Operating time per 10-14 hrs 10-14 hrs
Operating time per 12 hrs 14 hrs day
day Flexibility to assign to “Full service” “Full service”
3
Flexibility to assign to 95% 100%/full service a subset of routes
a subset of routes® Gradability* 6.5% 6.5%
Gradability* 5% - launch to top cruising speed of 30 mph in 7 sec Durability — miles ~500,000 miles ~500,000 miles
10% - launch to top cruising speed of 20 mph in 2 sec e
15% - launch to top cruising speed of 20 mph in 3 sec Durability - years 28 years 210 years
— - - Uptime/availability* =90% (Or 100% minus scheduled maintenance.) >90% (Or 100% minus scheduled maintenance.)
Durability — miles TBD 300,000 miles Warranty 18D 3 y75/300,000 miles
Durability — hours >5000 hours
Durability — years 10-12 years 22 years
Uptime/availability® 95% (5% scheduled maintenance) >98%°
Warranty TBD 3 yrs/50,000 miles
<FCAAN Y MMA>
k * 10001 1 N7 T AT nNAANANYYNXYXA 1on11ioA4 . 3001 1 NG T I > IR VA O T
k A i Deloitte China -Ballard” . . © Fueling the Future of Mobility Hy dr ogen and fuel cell softuniNons
"B 1 AJ° FC YAV YN MMAT T 1480 RMB=1 24 DA% ~ S, I3 "N BEV 1 48 DA

A 0ANANYY 16024 N4> 7. 0
ENEOS #iftkiatt 22
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A4 M -Kenworth/ N 4 M -V A

4AdNY NV a i " i Kenworth™ T6807 ¥ n

M~ FCVAVN"N " i10 “_ N, |
qwif’ﬁuv:;. A :Kenworth

" 4 Aj 2020M 104§ M A" T 7 Class8 FCA
ANN@25t) T AL AT NAMAAnMT 1A XL
YAnM™¥nM® T A4 FC I A
" ’

ENEOS itk &tt

1 -Cummins
2019J 94 ° N~
J v
VN J W
HYDROGENICS/ ~

NIKOLA-(GM)
NIKOLA i . FCT 4°
" 0T A9 i 9
X -

VAN NT X
GM

“TRE”
FChbZ v o F7-IZER T v 7

“TWO”
FChkZ v o

“Badger”
FCE7zlg/ Ny TV,
65 $~87$ TFHNZMFP, FH£100$

A
(]
_J s —]2
g"'

A NIKOLAM n 1 n M e 3
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] = V{‘A s & A | l H2Freight”’ ~ . < - N FC 0 a MNA4AM NN
L) o) . < ~ - \
N FC 0 (NAYYNI dM H)x . | ®k SOpE aa gl
SunLine Fuel Cell Buses and Hydrogen Onsite FCHI 5
Generation Refueling Station Pilot Commercial STt A®DKH. X " pbPpBHoE 250
5 = Deployment Sunline Transit
H2Fre|qht \'I -1 VI \l ,\l (\’{ ,\l Al \l \l ) Hybrid and Zero-Emission Truck and Bus SunLine Transit “ b BoE 250
: = ~ - ~ T ~ Voucher Incentive Project FCHI 5 P e
NAMIEY 17 A 414Ny n\ L 7. FCA ) —h1 20
AVNAT Jd N MAnY4JdPJ CEC SCQMD o OCTApAC Tranmsit
A i NAMT NN 0 12,000,000 i A / 24% | o e e ommerastiaton IT.eapy” AS Transi pThoE 350
Emeryvill e”" OCTA-San
Fast-Track Fuel Cell Truck 5 XPH-FCHI %H PTHp E 60
'\l '\l \l \l K ] K hp J/bul >
TOYOTA-Kenworth 1 ClaSS8(>15t) A4V NO10 Zero-Emission for California Ports Yard Trucks 2 _FJX fb I>KF CExAp %H P T ho E 10" 20
. q . c . K hp /bu
36N J i 500kW < | 300mile< | 70MPax | 154 1 xFCK. 7.
\I "l o2 FC\’1 \A \l \l l:l 2+12kWh \_I \l ,\i '\I n p -’| P Fuel Cell Hybrid Electric Top Loader o ot | %H PTHp E 20
. K hp /bn
A4V .!, UPSL TOtaI Transportation ,!. Southern Counties Fuel Cell Hybrid Electric and Next Generation 19 xFC Hp %oy b T B0 E 80
® ;s 2 S | Cell Delivery Van Deployment PpKsb
Express 17, Fue
Zero-Emission Hydrogen Ferry Demonstration LoxFeT 93\ ' %H PTHp E 60
hpTXp€E€Il E
\4"”\1 1 Port of Los Angel es Shloorex(%loassshso':r%%mAp %H PTHo E 160
> = IR K Bp /bn |
12t/ \/I ,VI ?:j ; \{ \'I \l N 300kg/ h“ l l The Commercialization of Port of Long Beach 1 x6.XFCExAp % b T Bo E 10
3QONm3/ hr VU 4 Off-Road Technology Demonstration KpOP. VY o €
4T Y14Md1 MCFCTJ I 47 N W SCAQMD" CEC, "« Top fbn |
23MW ] OP.Y "Los Angeles D
" . . , - Water and Power" So
w Trl 'Generatlon SyStem p Fuel Ce” Energy P Zero Emission Cargo Transport Il (ZECT 1) Kenworth (CTE) ExAp 50
TransPower ExAp?2 38
U. S. Hybrid ExAp?2 40
Hydrogenics ExAp 40

ENEOS #iftkitiatt
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FC NANNNMNAM NG i, )
DOE A" . A ( HFCAAVYY & . YAMY4IAT A a Al
FedEx UPS
k KDOE3 N14 i FEDEX3.37 N1 1 k 'DOE3 NG, UPS8.3 nNi
k 0 1 :2016.5 02021.3 k440 1:2014.7 ©2022.7
ka A K ka A K
Phaseé K FCET =~ | i Phaseé p 02018J P K FCET = | i
Phase2 K20 ~ FCET . . @ A Phase2p 20190 2022Jd PK 16 ~. . a A
AYYNM AdYT M YA Y4 AT VAMY4I T T VyJdMn® 1
k K k K
80kwh ¥V Y4Ani Class6 T AANN
20kW -2100 N -mA n M n 48KWh 4\ Y 4 n
10kW G 2=20kW FC Y M A 1 32kW FCY M Y 1
k X 11.6kg 35MPa N 10kg 35MPa

> s

k K 160\~ 1 (0.9kWh/mile)
k 149 n KFedExi Plug Power i Workhorse
k 1 :DOEj NREL DOTi PNNL

149 n Kcte, UPSi Hydrogenics i UESI UT-CEM Valence
]

k
k :‘DOEji CEQ SCAQMD

ENEOS #iftkitiatt 25
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k 2018V ©~ CARB | Innovative Clean Transitregulaton =~ ~ ® i 0 MM~ " 37 i 2029d% ~ A N 100% ~ ZEBi 2040
v AN 7. 1 0 MM* ZEB"~ D> " A |
k> O0p~ |  CAFCP | 2019J  °FUEL CELL ELECTRIC BUSES Enable 100% Zer o Emi
*~ i FCEB a - | i °Sunline TrR@dKTT 't °FCEB190 n-i' . "~ 4 N St -
-0 ZERKI SSI ON BUS ROLLZD20M 6P L ADP
*NAMY4 YT AP0 A4 A4 120i- "7 949w % 110000 i Sunline Transit ZEB A
FCEB ZEB
CARB Innovative Clean Transit regulation 0 94M N Standard | Cutaway X 10 BEB 0
ZEBREEAY | FIRBAOZEBEE 2021 > 0 0 > 0 >
F. HR i - - - - s 2022 7 0 0 7 0 7
2020FE12831H 850 - - - 2024 6 0 0 6 0 6
20214125311 1250 - - - 2025 2 0 0 2 2 4
20234 - 25%] - [co0ompBEmEmoBaRRY FY 2 ° : . ° . °
: - 2027 7 3 0 10 0 10
2025 - 25% - - 2029 3 10 0 13 0 13
21]26-‘35 _ 50% 25% _ 2030 3 7 0 10 0 10
5 5 i 2031 2040 53 64 2 119 12 131
202?$ _ o0% 25% 0 94 89 7 190 20 210
2028 - 50% 25% -
20292 LI & _ 100% 100% _ Sunline Transit 4 MT X ST ~
IT.€ap (11 oM
. Cutaway Bus 900kg/ ' 06 - 2019
CAFCP FCEB 1 & Y UIRTE Y
Thousand 32-505 Harry Oliver Trail 360ka/ 8h 2019/2020
H ﬁ_fi 2020 2025 2029 Palms ThousandPalms, CA 92276 _Z ;)rl b T g c g
ZEBD A, *=APp
FCEBREH 1004 300-4004 o HIS0 = 2028
25% AL _ 83-255 Highway 111 Indio, | 3~ IT.€np
Indio 2034
ENEOS ﬁmﬁﬂﬁt CA 92201 HI 10 *®
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=~

k1™ 7 i N T 96 FCEBEJg”AM( A M A i T 9T 76
( AAB1 | 25 )X VAV Y1 A |
kdMT XN MAnYAd | NI | X+ 1@ 9 J S
VAMY4 AT 444 FCIM D
m AC Transit(+— 7 7 > F)
® SunLine(t 7 > F/¥—= L4 X)
= Orange County Transit Authority OCTA(H > % 77 F)
UC Irvine (77 —7%4 )
® Foothill Transit (FA 27 4 +  ETiER)
m Golden Empire Transit ,GET (R—Hh— R 7 4 — )L K, &ti@H)

=

i MANY A4V

FCIM D

24

18

BKA7H A M+BREF YA b
« BEF 94 b
s BAKF 794

ENEOS i&tftkiatt

i FChn\n

i SMAn\n

23

Van Hool

ENC

m UTC Power

FCiM 9

4 13

29

New Flyer

Z Dt

FCiM %

5

51

Ballard = US Hybrid

27
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”

a i Van Hool(¥ 1 N n )i ENC( )i NewFlyer( )X I
New Flyer 2019 J A X i AT dT VNN 7. 1
FCEBH M VanHooli ENC
Bus OEM ENC Van Hool
Model Axcess A300L
Bus length 40 ft 40 ft
Gross vehicle weight 434201b 39,350 Ib
Fuel cell OEM Ballard UTC Power
Fuel cell model FCvelocity HD6 Puremotion 120
Fuel cell power (KW) 150 gross power 120 net power
Hybrid system integrator BAE Systems Van Hool
Design strategy Fuel cell dominant | Fuel cell dominant
Energy storage OEM A123 EnerDel
Energy storage type Li-ion Li-ion
Energy storage capacity 11 KWh 21 kKWh - = Measurements
;y;il;ogen storage pressure 5.000 5,000 Van Hool-AC Transit Length
Hydrogen cylinders 8 8 Width
Hydrogen capacity (kg) 50 40
Weight
Curb Weight*

ENEOS i&tftkiatt

FCEBY M

7] g A
ws | eliorCHARGE H2

|

*for high-grade packages add 500 Ib (227 kg)

Propulsion
Motor

Rated Power
Rated Torque

Passenger Capacity

(*Based on 150kWh ESS configuration)

Seats
Standees

Energy Storage System
Fuel Cell

Equivalent Battery Energy
Hydrogen Storage Volume
Net Power

w

xcelsior CHARGE H2" 40’

41 0" (12.50m) over bumpers;
0° 2" (12.24m) over body

102" (2.6m)

32,250 Ib (14,628 kg)

Siemens ELFA2 Electric Drive System
Optional High Gradeability Motor

160 kw
1,033 Ib-ft

Up to 40°
Upto 42*

Ballard FCvelocity-HDSS
700 kWh

375kg

85 kw

New Flyer

A

:New Flyer N Jd M4V A

xcelsior cHARGE H2" 60’

60" 10” (18.54m) over bumpers;
60’ 0* (18.29m) over body

102* (2.6m)

49,900 (22,634 kq)

Siemens ELFA2 Electric Drive System
ZF AVE130 In-Wheel Motor Center Drive Axle
Optional High Gradeability Motor

210 kw
1,475 Ib-ft

Up to 52 (with one exit door)*
Up to 73 (with one exitdoor)*

Ballard FCvelocity-HD8S

1100 kWh
60kg
85 kw

28
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< X
Q)
>

2

~ N

X\
[
‘

M A
6001 1 (=DO

Factor

G | 2020 8511 1] 20254 72501 1| 2029
E) I

~ X i =

~

”

a 2018J N7 N 190011 v"

i 85nd110N11°

4y 17

A

:NREL

Units

CAFCP FCEB

2020

kMMvMAa

2025 2029

Comments

A

:CAFCP

[ New Flyer( ¥ M ) 12514V N Jo " 1235114 1001 ¥V A
Jo T 85N1 14> MAdNT

k SunLine(MM AY) i A 7 ~®° i 2021J A4~ 11500
4 7.
FCEBa s (NREL )
N :NREL
Current Status?® Ultimate
Range Average Target'
. . 0.2-8/ 4.5/
Bus lifetime years/miles 6.000-222,000° 119,790 12/500,000 12/500.000
Fower plant lifetime® hours 500-29,000b4 13,236 16,000 25,000
Bus availability % 588 72 85 90
Fuel fills’ per day 1 1 1(<10min) | 1(<10 min) ahdiad
Bus costs $ 1,270,000~ 1 4 955000 | 1.,000000 | 600,000 e
2,400,000 e U '
Roadcall frequency miles between 2.500-5,700/ 4 239/ 3,500/ 4,000/
(busifuel cell system) roadcalls 13,000-36,300 24 406 15.000 20,000 =
N hours per day/ 721U 11.8/
Operation time davs per week 57 f 2007 2007
Scheduled and
unscheduled _ Hmile 022-0.73 0.49 075 0.40
maintenance cost’
Rangel miles 199-348 266 300 300
Fuel economy miles per diesel 5.83-7 82 7.01 8 8 S
gallon equivalent C : : i

ENEOS i&tftkiatt
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2020J 64 264 "~ | °Advanced Cl ean Trud&s NRégul atii odPv=N  AXJIA~ 1
1. NN 7, ) , 2. NV4MAnDN N VA3V YA4d 7 % A4
k™ &7 NAMA4i " | Class2bO8 T
k N i2003VAM (N AMdi MV N v uAAYNj EFJLEE | Class2b-3 | Class4-8 ?2531;98.
VAVYN )i 408N AM (A AANN] MY )i 2024 o o o
708N AM AANMNni 3VYNANnT NXA I 2025 T e -
2026 10% 13% 10%
N :CARB 2027 15% 20% 15%
2028 20% 30% 20%
Class 7-8 Tractors 2029 255 40% 255
2030 30% 50% 30%
2031 35% 55% 35%
2032 40% 60% 40%
2033 45% 65% 40% .
2034 50% 70% 40% ﬁ035 N‘J ! Vlj“' ;‘5;'/0 y (\f
2035+ 55% 75% 40% +— A3V VY A4
3. T VA YVNYAda( N A4100%) a
2035 i An1°’ NAN N
2040J H i NAVNG M 0T
2045 1
ENEOS #iftkiatt 30
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MTMANTENAINN Y 4 (VAN NG M) A AXT AN 70 (20104 O)I T i ZEVOs T PHEV "1
HVI P° Hybri dnmainsds iZoemr oTr uck and Bus Voucher I ncentive Project?®
v FCNAN N dM™ AT, A1 300117 3150141 PHEV T M NAM® 7500~ HV® 50% |
HVIP AN sNAIVNVY1dS A AnVn P
= = HVIP A NATIVNYY 49947 Y N :CARB
A—H— REEEHR |A—H— SOEEEL ( ) -
; ; Base Vehicle Incentive
Blue Bird 7|Motiv Power Systems 9 Outside
BYD 16|Motor Coach Industries 3 GVWR (Ibs) Dics:advanta_ged In Eé:isadvant-aged
: - s ommuni ommuni
Chanje 1{Navistar IC Bus 1 5001 - 8500 $20‘000ty $25‘000ty
Complete Coach Works 1{NewFlyer 5 8,501 — 10,000 $25,000 $30.000
ElDorado National California 2|Peterbilt 3 10,001 — 14,000 $50,000 $55,000
Envirotech Drive Systems Incorporated Z2|Phoenix 8 14,001 - 19,500 $80,000 $90,000
— 19,501 — 26,000 $90,000 $100,000
Freightliner 2|Proterra 5
Gl 3IROUSH Ci Tech N 26,001 - 33,000 $95,000 $110,000
e can fec >33,000 $150,000 $165,000
GreenPower Motor Company 8|SEA Electric 25| [>33,000 Hydrogen Fuel Cell Truck $300,000 $315,000
Kenworth 3|Thomas Built 1
Lightning Systems T|\Workhorse Group Inc. 2 HVIP VATV AN NoeARe
Lion Electri 5lx Base Vehicle Incentive
ion Electric 0Ss Outside in
Micro Bird 2|55t 123 Disadvantaged Disadvantaged
Bus Length and Bus Type Community Community
AN :cARB | 20 ft—24 ft $80,000 $90,000
" SR F DAt 25 ft — 29 ft $90,000 $100,000
. R — IR 30 ft — 39 ft $120,000 $135,000
n Y e 40 ft — 59 ft $150,000 $165,000
' . A = 40 ft. Double Decker Bus $175,000 $190,000
" B - sty = 60 ft. Zero-Emission Battery- Electric ,
. . o 2 IRk Articulating Transit Bus $175,000 $190,000
28 h b '7' e = 40 ft. Hydrogen Fuel Cell Electric Bus $300,000 $315,000
e s hTvO. PR —FDHE
ENEOS itk &tt 31
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k 2020J 3Q" 35,000 S Ai 2018 54 22,000 1.5 DAl I

z z k3 . . . 1

k0" 1n\Nn |1 Amazoni Walmart AAA 1T ANAMI I

. > = 1

Mo i MVkMnH N I

|

FCM Yn N AMA N D :

|

35,000 1

|

30,000 |

|

25,000 1

20,000 1

I

15,000 1

|

10,000 1

5,000 ' |

|

|

20125 201445 201645 20185 20205 |

I

|

AN :DOE I

Ace Hardware Golden State Foods Stihl |

I

Amazon IKEA Sysco Foods 1

BMW Manufacturing Co. Kimberly-Clartk/GENCO Testa Produce !

1n\n !

Canadian Tire Kroger Co. Unified Grocers 1

|

§ ) . United Natural Foods. Inc.

Central Grocers Lowes (UNFD) 1

Coca-Cola Martin-Brower U.S. Foodservice :

Ccvs Mercedes Walmart :

EARP Distribution Nestle Waters Wegmans 1

I

East Penn Manufacturing Nissan North America Whole Foods Market 1

ENEOS %ﬂﬁ*i‘%ﬁ FedEx Freight Proctor and Gamble WinCo Foods, LLC !
1

CARB M YnNAMANA4TVVY

104, .~ i N 20254 A

1
N

>

2020
A

J a
49 -

= > 2 no

FoMY¥nNAMAY i 0~ 0

> w ~ Y

FCa ~

~

CARB AN D AX " 7. ClLass4™ 5 V43V VYAda
E Ci El g CE Ci tion Engi CE|
S s hae \ Aisle Tnicks. Electric Hand Trucks | (0, e i) S e g

CLASS 5

, : T | L. T .
. lgcénc vg:{,f:;:if ICounterbalance . Truc?ks Sz,e;c:,s
g &lL i':ﬁfil Pallet Trucks ‘ %
7 Reach Fﬁ; Internal Combgfz:aéngine Empty / Laden -
; k Trucks g Combustion Container
= Order Y EnB'"e ; Handlers
g m. ¢ Pickers :[
4-wheel Electric  Lithium-lon b r‘ll'?l(x.;ivstlsle Stackers |
T ba( ~77 FCNT T e—t— T T A DA A :Hyster -Yale
CARB Class4&5v Yn NA MY NA43V VY A4da AMIM1nA
655 HLLF M Class4&5 655 NBNDClassa&5 |, .o
Engine Calendar Year | Engine Phase-Out by MY
Calendar Phase-Out 2030 2020 & Older
Year by MY 2031 2021
2025 2017 & Older 2032 2022
2026 2018 2033 2023
2027 2019 2034 2024
o8 | a0 |2 -
2029 2021 2037 2027
2030 2022 2038 2028
2031 2023 2039 2029
2032 2024 2040 2030 32
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k Plug Power (FCYn ¥~ >
k 47 7

-

XA

OMYnNAMA

1)

NUVERA(Hyster -Yale Materials Handling = 4 { 41)X |

A47 FC  p

]

~

~

~

X

AD2YI MM AMAANA

MMInNAMAi FCAninld

PlugPower M Y n N A MY 7 i FC"GenDrive"

SERIES 1000
Class-1 7 #—7 Y 7 +H

ENEOS #iftkitiatt

SERIES 2000
Class-2 7#4#—7 Y7 +A

A

SERIES 3000

Class-37#4#—7 Y7 +H

:Plug Power N 4 M4V A

Hybrid power system

[ O |

Fuel cell stack
sub-system

C C95A-27
C95A-30
C95A-33
C95B-36
C95C-40
N N95A-21
M55A-13

Fuel cell
engine

38.6x26.4x22.6
38.6x29.4x22.6
38.6x32.2x22.6
38.6x35.6x22.6
38.6x38.8x22.6
38.6x20.4x309
309x13.0x31.1

components

NUVERAM Y n NAMAR i FC

Thermal

1-2 ton DBB
2-3ton CBB
2-3ton CBB
2-3ton CBB
2-3ton CBB
Reach/Order Picker
Pallet Rider

=~

management

A

M A

|
7

~ — ;
4: FEMunuatms

:Nuvera N 4 M4V A

33
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4.FCV? 4

6
OMYnNAMAN | Xi~ N T AT N 7 9. (NREL )
- - ; . I — L — |
k / N’/'Ik/\]b(” ) i | V|\/1n adhl-vVEFIZ b
M( A) ~ TFC x 1 $20,000
k FCO MM 330000i XN 80/kgx/ R ETH/MEEE ALFFLR
$16,000
NRELT & / m75x—7 )7 MEBUN)AYTF VR
$14,000
: P i mA TS (RAA—Z)TR K
h 340 $12,000
d h3 wh 2, 400 Wh =
S i = dA
EIl E | "8/ kg $10 000 .%jj/;,k% r‘
T>.p3TE EI E $250,000 ! - e s
/ * OMEI E $4,800 $33,000 58,000 )
/ Q $9,800 m B KEFTESMmIR b
T>.p3TEKBY 2 1 $6,000
4, 10 n EEM/REEM  BBER
M EIE $2,800 $4,000
/ Y 7.5 m7+—7 Y7 MNEBUN) BmERD
' T>. p3TEK®69 1.1m - 52’000
I +B. PIEIE| " 75] $17,000
/ o . /-/_ e 21,02'5%/ 13.)103/ 50 —— —
Ly opTxo | Y.l 5,100ft 500ft? ladet R
‘ epTxosrl Y. | 2,500ft?
. T>.p3TE( 3#) " 230/ Q" 230/ 7 . .
p p / 150/ ® - 180/ 1 NREL U4\4‘1Fi.r_l\\lﬂl\4"ll 6

ENEOS i&tftkiatt

JyAMMA
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asi
\. \_ == Stern Thrusters
High-Lift Rudders Wake-Adapted Propellers

Gas Vent

Cathode Air \/cms—i\

LHz Storage Tanks
Side J-Frame

Cranes

A-Frame
—\

Meteorological

Instrument Mast7

Bunker Station

Winch Room

Auxiliary
Motor Room | \Machinery Rooms

Retractable Azimuthing Thrustel—/

w

axN 1 Jd X |

Power

10 x 180 kW hydrogen fuel cell
racks

LH, Tanks

2 x 28,800 gal type C

‘DOEXT & FES &

SBCTA(San Bernadino

County Transportation '
Authority) 1 2023J 7 «
A

~

Propulsion

2 x 500 kW PM motors

Bow Thruster 500 kW, retractable azimuthing
Stern Thrusters 2 x 500 kW tunnel

Propellers Wake-adapted fixed pitch
Rudders High-lift

Limit of Stored Energy (MWh)

12,000
¢ Liquid Hydrogen System
@ 350 bar Hydrogen Sy
-
10,000 A Battery System s

8,000

6,000

4,000

2,000

i i aves 50,000 100,000 150,000 200,000 250,000

on next chart

Displacement (MT)

ENEOS i&tftkiatt

—_—

FC

:DOE
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