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lllustrative price-volume relationship for fuel cell bus orders
Indicative capital costs for a standard 12 metre single deck fuel cell bus
One-cff orders fortechnical
demcnstrators: >€1m perbus i < 5
Potential interim pricinglevel
& ¢.€800k—€1m per bus for Limited price (bstween demonstration vehicles and
3 HishEReirard mass market prices) - with sufficient
H orders of small fleets reaucticns It order :
IC-I. volimeincreases certainty over future volumes, OEMs
fzil to materialise may be able to offer FC buses below
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& vehicles (JIVE project) |  remain niche certainty over future demands shou
E FpEEESSEES I N EEEENIENEEEEREERNEN] tranSIEtEIHtOIOWSrPrIces
= E
2 e —— “" “Mass market’ price: hundreds
£ i of buses per year per OEM
©
o
@ Small order numbers Economiesof scale, dedicated
LE => one-off production production lines, etc. deliver
runs and therefore lower production costs and
relatively high costs hence lower price vehicles

<10 ¢.50+

100s

Order volumes per OEM

= 6. EUS| HA AHAN OEM &M|Q] £A HA

At th=eofl e HAH] X2 oAl

4) Fuel Cell Eelctric Buses—Potential for Sustainable Public Transport in Europe, FCH-JU, 2015
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- &g (400kg/dayOlshe| ASHA= 20~30A LHL|Q| ZAAH[E0| 272
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2 Aoz 24

=7t SAT|R & STA He=d 25 o
e 2020 2022 2040
o= FARSKE 5,000 67,000 2,900,000
SABHA 130 310 1,200
Ee 2020 2030
g2 SAXISR 40,000 800,000
SASHA 160 900
He 2020 2025 2030
&= S AASAE 5,000 50,000 1,000,000
SABHA 100 350 1,000
= He 2020 2025 2030

5) Hinicio analysis based on H2Mobility program in EU, $£AZMEMSIZEM  Hydrogen Fuel Cell Vehicle Technology
Roadmap of China
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PASHA 65 380 1150
EHe 2020 2025 2030
= YN N, 150,000 500,000 1,800,000
AN 400 500 1,000
EHe 2025 2030 2050
oA P AXFSKAE 167,000 800,000 7,300,000
ASHA 335 600 »1,000
He 2025 2030
ESVONEN 1,000,000
Z4e|xL{ot
PASHA 200 1,000
EHe 2025 2050
- 3,300,000—-7,30
AZIC|LH|O} AAKIER} 87,000
0,000
SAZHA 185 450 - 1,000
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@ Medum [ Large

25% FCEV penetration in 2050 (hydrogen retail network covers 75% ol EU29, giving local access ta 97% of all cars)

2045 2050
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TOWARDS CLEAN PUBLIC TRANSPORT WITH HYDROGEN

m more than 10 million km driven up to 31 december 2018
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==="=" Renewables Electrolysis Distribution Dispensing Fossil parity
g i -

L 4 Ll L

wawn — EX0 - EOW ¢ E - B0

Large scale High pressure Efficient dispensing 0,94 €fliter
Central production Distribution at 100% availability diesel

Y

ad

20MwW 1.000-1.500 kg / truck Fueling time 5-10 minutes

XH s 2 downstreamO|
M HIE MZA| 2ASH7149| C|R HZ ChH| B, NELALS| A

i Kl

O EUQ| AR £A9| JIAO|(RIE £ASTIIIZ) €5-6/kg0|H AS 2R} SALSH
A=otA ZYHE JHE A2z olly (A AH] 7.5 kg/100km, HRHA
AHH| 35 L/100km, 4|71 €1.1/liter==) ¥= parity =& 7123 €5.1/kg).

shas QlafiMs 50C) OlAQl HAS BMets AIMS XS
=

FUel EnMoM =m A S SRS RlciMs d3Hel JHA0]

€50/MWh 015+0]0{0F &,
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- oga £ 9 FCH-JU XIROl 9t QoM B 20507t KAl

r o)
l2ol X Y A LRSS Il 4 GWOIA S

Ral
10 0
.
v
ol
m

6) NewBusFuel report
7) Scaling global opportunities, Invester presentation, June 2016, Hydrogenics



Publication Potential for water
electrolysis (P2G)

“Study of the requirement for electricity storage in GER: 16 GW (2023), 80 GW (2033)
Germany” and 130 GW (2050)

Agora Energiewende

“Reduction of CO2 emissions by addition of hydrogen UK: 23.5 GW of electrolysis in 2050

to natural gas”
by Haines, Polman and de Laat, in IEA Greenhouse Gas Control
Technologies Volume 1

FR: 1.2-1.4 GW of P2G plant in France by
2030 and up to 24 GW by 2050

“Study of hydrogen and methanation as processes

for capturing the value of excess electricity”
Report by ADEME GRTGaz and GRDF, France

“The role of power-to-gas in the future Dutch energy HOL: 20 GW of installed P2G capacity if
system” deep CO, emission reduction targets in the
ECN and DNVGL for TKI Gas, 2014 energy system (-80% to -85% by 2050)

NREL Hydrogen Energy Storage workshop proceedings
February 2015

GER: 18GW (2030), 46GW (2030 High

Commercialization of Energy Storage in Europe : 4
RES), and 170GW (2050 High RES)

FCH-JU (McKinsey) March 2015
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H2 Equipment Electrolyzer & HRS - Market
Potential in Mio.€ (ELY / HRS)
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® Mobility ®Industry M Energy  Source:IPHE, NOW, ADEME, Afhypac, SIA
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o HARL 4 E2 5 IEY 1Y(7000ar) A3 Tl #&E flsi o
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2 7| (SIOiRL =REL olof2l#E, d US2h & 3)0f el thad 1ds
o #E B2 Hd dAAY MOU AE
O &=2 2008 HO[Y=FE, 2010H Hot0] MAAAL UNDPR} =x|tE7|

0x
0
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E
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N
il

24 2 2 HAHASl AL 85 kg/100kme| HEAMAMES HIS
H 24 22/Z7)70 58 237{2|= 60,000km 0|ASH ASH0| AMAIL 7|
v =

1.8320IZ0| A28 4T L5 910000 km@a7i2]

2015 2020 2025 2030 >
2015 Status 2020 goal 2025 goal 2030 gool
- * Range: 300km * Range: 500km * Range: 600km * Range = 600km
% * Acceleration: * Acceleration: * Acceleration: * Acceleration:
%, 0-50 km/h =22 sec 0-50 kmi/h =20 sec 0-50km/h =18 sec 0-50 km/h =16 sec
El * Fuel efficiency Fuel efficiency Fuel efficiency Fuel efficiency
™ < B.5kg /100km < 7.0kg /100km < 6.5kg /100km < 6.0kg /100km
g * Cold start -10°C * Cold start -20°C * Cold start -30°C * Cold start -40°C
Z * Lifespan 100,000 km = Lifespan 400,000 km * Lifespan 800,000 km * Lifespan 1.0 million km
* Cost: RMB 2 million * Cost < RMB 1.5 million * Cost< RMB 1.0 million * Cost < RMB 600,000

, T
w2 8
T E £| Vehicle integration and hybrid control technology of Vehicle integrationand hybrid control technology of
§ ‘?9” :2 low-power fuel cell stacks and high-capacity power battery High-power fuel cell stacks and low-capacity power battery
. 2]
=
g % E Hybrid power system of low-power fuel cell stacks and Hybrid power systam of high-power fuel cell stacks and low-
; g 7 high-capacity power battery capacity power battery
&
m
e
= '-g e Low- and high-temperature Integrated vehicle thermal
§ = 2 i adaptability control tachnology management
58
C m
7% ]
=
. . : i 10,000-unit production capacity 100,000-unit production capacity
£ 000-
g Z i;d unltfpnljdulcltlon capac_:trrfo;- | for hydrogen fuel cell commercial for hydrogen fuel cell commercial
g = regeniue cellcommertialvelicies vehicles vehicles and sales in volume
QT
=1 = A N =13 OH
O 16, 329 &8 FATT|RKHA)Q| JHY 2=
A (@) o o oo (e} = 2 =
TAHAS] JHAZ JIVE, JVE20IM °f 60RtR=ZC| 714 ofEtE st

HAHEf0] 20,0000 87 Exg Gl0| tEHAR J 7ise Ade=z oY



Experience Curve
Fuel Cell Transit Bus

1.200
CHIC*
£ S ®  3emotion*
— ™
o 800
§ JIVE2*
= 600 ® e
w CHINA
£ 200 Ve o 20.000
o H2BUS :
£ busses
@ 200 1000 busses 2
1 10 100 1000 10000 100000

Cumulative Bus Shipments

a7 17, AHAL| JHA 52t o= (nel)

- i HA 2N CO, TA| 2UH & 7%E &8 4+ UM 0] 5{of SO,
NOx, CO, PM, SI0|E@7p SMRrS 2HAAZ 4 QL= 202 HuE,

CO, footprint of electricity is crucial

CO, emissions of bus fuel (well-to-wheel) in 2015 [kg/100 km]

Diesel I

H. steam reforming natural gas 1108

H. electrolysis grid electricity Germany 225
H2 electrolysis grid electricity UK 1201

H, electrolysis grid electricity Netherlands 1180

H2 electrolysis grid electricity France 31

H, electrolysis grid electricity Norway 8

H2 electrolysis from RES 0

2 17, Well to Wheel CO, Z=2F H|nl, FCH—JU Fuel Cell Electric Bus
Potential for sustainable public transport in Europe.
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O EUc =ASHA AAEINAM 500 bar A|AEIE 800 ~ 1,500 €/kg—H>7F A
QE= Zie=2 NewBusFuel projectofl ] E106HE T O|= DOEO|A H2A ZEof
M Z=ASE HIE 350 barll 4L 1,350 €/kg—H, 700 bare &L 2,000

A 10kg O|&E XNEGh= ASXHHA, E=H)Ql AL SAE J2601-22] H=s
ZHOS w2M Of&! 700 bar £AXMEA|AE 2AS EX5Is dzad
(@]

22 AMHez S5 B1 US.

O Y= JPEC S0003=2 Solf eAHA S0 st Z2EZZ Al
X A HASl SHO| 2 1582 AQET RS 0l Y= 2AHAL &7
©r240| 700bar (LH2X 600L, 2f 35kg $AR2HOI HES ZOt5HH J2601-20]
M 350bar 7|F fast feeling®! 120 g/secl| |2f0| Ot 60 g/secO|ate] &k

=0 s Lldcks Adez AtzE

Iwatani’s Tokyo-Ariake Hydrogen Station for Bus Refueling

Location: 1-8-5 Ariake, Koto-ku, Tokyo
Area: 3,200 m2

Main Features:
1. Hydrogen Supply System
Liquid Hydrogen Storage
2. fueling Capacity
FCV: 16 vehicles/h
FC Bus: 4 buses/h
| 3. fueling time
FCYV: 3 min/vehicle
FC Bus: 15 min/bus
4. Cryogenic Pump
Capacity: 80kg/h
In: 0.3MPa / Out: 82MPa

5. Storage
Volume: 300L x 8
Tokyo-Ariake Hydrogen Station System: 3-bank Switching System
(Sourcie Lwatam s webiite) Max. Operating Pressure: 82MPa
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More storage = Less compression
Less storage = more compression

Hydrogen Cost

| All Possible Combinations

Buffer Storage

e

Compression Compression/Storage Combinations

03 20, 44 HYSTISH YEIIO| DM T2 44 EWFY HHa

O $AHAO BHAE SAMAC| B 42 EMA SO chet A
S $AETAC| MEMIBS Z0|n =3}

NREL, Argonne LabOflA T3 =

Fleet Size: 30 buses

Fill Amount: 35 kg

350 bar, Type IIl tanks
Back-to-back, one dispenser

3 e PN T 27 Hydrogen refusling analysis of fusl cell heavy-duty vehicles flest, Argonne Lab.
- STA

- $8M oo Fill Amount: 35 kg
Fill Rate: 3.6 kg/min
350 bar, Type Ill Tank Fleet Size: 30 buses
<6 hrs 30 Fill Amount: 35 kg
% $4.00 $5.3M -
=
< 2‘ $4.00 $4.00
v, s -
k7] - T 53.50
8 s3.00 K] }‘HI afhus,/hd
2 2 s T - $3.00 Staggere
] ~12 hrs 3 = |
= S S 5250
= siob 3 %
52. g
& g o £ 5200
] H 3
@ - 5
—~ & $1.50
=
$1.00 3100 E $1.00
&
= 50.50
s
s 10 30 50 100
Back-to-Back Staggered
1.8 3.6 7.2 (Kg/min Gaseous Station .
Gaseous Station 20barsupply at Gaseous Station (20 bar supply)

20 bar supply

g 21, Cifetea S 40| ME 4 HA STHIE Het
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1) Optimization ofK (6 Combination of @ Simplification of (5Back to back
compressor capacity direct fueling control mechanism fueling capacity
Compressor
Hydrogen sfe—p
- Pressure Vessel —
(2’Minimization of
the number of
pressure vessels JV = L 4
A
d Coolant
{< =
(ZMax. Operating ( )—I—;",{J— Ehittiey:
Pressure of vessels P = = 5
x& @Optimization ofl
(—D_L[XQ chiller capacity
g 22,
O Y 44 B3 AAY 2 S
e
O 1500 kg/dayOl&l o sl AAR JHE
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Several large[)ll}ﬂ MWJ nlkﬂll”m ;

!

1967
Zero-gap assembly design

l l 1927 1

125MW plant in Norway

1800 1900 1948 £9al 1900

Discowery of Bist fndustial Raney Ni First |nr§4ustr|a| First proton exchange mer_’nbrane
S Pressurized Electrolyzer{General Electric for
Electrolysis: Ritter electrolyzer electrodes : F =
Electrolyzer:Lurgi Military & space purposes)
1947

380MW, 1300ton/day ammonia,
85kg D20/day in Nerway
HRS electrolyzer, MW

scale P2G
Global H ELECTROLYSIS PRODUCTION 2013~
~70TWh per year
{equivalent to 8 GW baseload capacity) MW scale PEM
First solid oxide - Market for water electrolyzers | electrolyzer
electrolyzer cellyyanceq alkalingthigh temp, press. zero-gap) oMW year
1972 1870-90s T TZ“H

Due to economic rmnns

2000~ 2010
DOE, EU program Private RD&D on
High efficiency Electrolysis~$130 million
& renewable driven electrolyzer ~ Global staff: 1,000 employses
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| PEM
M AH|EF . 100 Nm3/h/stack x 4ea = 400 Nm3/h Mmoo
(kWh/Nm?) |:| Alkaline =z zw gs. o

i -
Mecphy PLS
1Nm3/h

6.0 — “kwnnmz

£ Telethyne EL —ssl”  Siernens Silyzer 200
Hydrogenics HySTAT 1G&™ |, # Tekecast i 4 225Nm3/h
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i
=M M —
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50 — ; 1 e 300Mm3/h
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~ o 5.3 kWh/Nm3

Mephy 515 Hydrogenics HySTAT 60

10Nm3/h BNm3m
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]

ArevaElyte120 =

120Hm3rh Mephy Melyzer ]
DC 44 kWh/Nm3 4D0Nm3/h i
40 — DCaskwhinma L

NEL A-range 485Nm3/h  [HT,ELB 760Nm3/h
DC 38 ~ 4kWiyhim3 43 ~ 465 kWh/Nm3

TG ES
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7000
SHO0 drucklose Elektrolyseure
g ® Druckelektrolyseure
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— GreenHydrogen.dk2} Siemens, DTU(Technical University of Denmark),
Aarhus University 7+ 874 XIsist Mwg LZ2tel 6l 7|1 ZHE Oty
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0 OFCH-JU, ELYGRID project
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2ol Mo V=9l SRAMDF pAMA HiE HZ4ES SHZ 201 1H0M
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AC/DC converter gg WM BOP 2 O&M HIEZ ™HMZE st A &l
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; o measured at IHT:
® % * 80°C,30bar

Voltage [V]

© Asbestos 2.5 mm
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Link with domestic hydrogen :
production and use ’
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Tank Type Fueling Rate [kg/min] Required Temperature at Dispenser [°C]

1.8 No precooling required
[11 (350 bar) 3.6 No precooling required

72 No precooling required

1.8 No precooling for 350 bar
IV (350 bar) 3.6 20°C for 350 bar

72 5°C for 350 bar

J% 32, 350bar =AHA STO| AR £A JHA HZIo| TR AlY
(&X: Agonne Lab. Hydrogen Refueling Analysis of Fuel Cell Heavy—Duty Vehicles Fleet, Sep. 2018)
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Capital Costs of Hydrogen Fueling Stations
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2000 kg/day — On-site electrolyser + fueling - 4 dispensers

M m Footprint includes service
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Best case

electrolyzer life time: 20 years
electrolyzer efficiency: 4 KWh/Nm3
electrolyzer cost: 400,000 won/kW
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$18,000

m] . | | D state-of-the-Art (SOTA)
! Generation Change

o~ 336,000 Change to a )
‘3 standardized and o Early Commercial (EC)
i~ $14,000 &/ replicable station
= ,_'_] design A More Stations (MS)
& 512,000
w @ Larger Stations (LS)
> X }
% S00m Additional © Cost Status in 2014-2016
=3 ) | Economies
§ $8,000 S, of Scale
g . s Scaling factor = 0.706 |
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52,000

S0
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Station Capacity (kg/day)

T8 40. NREL ASTA HIEE4 LHEAR
(EX{: 2012, DOE $AM{SMX|ZZ 724 L)

Heavy-Duty Station Costs

Fast Fueling 4

¥ This facility can produce over 340 kg of hydrogen per day,
enough o luel our curent fleet of fuel cell buses ond cors as
fast os ordinary diesel ond gosoline vehicles ore fusled — buses in
six minutes, cars in three minutes!

O 41, 012 $£A HEDE HA A SEXAIM 4MH| (h2stationmaps.com)
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Compressor

:' . 3! il Electric Classification:

Lo I:I o R Class 1, Div 1 for 3 ft radius

g . ! S argund any vents

y - Class 1, Div 2 for 15 ft around

3 ft Radius
Mo storage containers
10 ft Radius
None of the fellowing allowed:
- Public street or sidewalk
- Buildings
- Lotlines

- Railroad track
29 ft Radius
Group 1 Exposures:
Lot lines [must be station property)
- Building doors or windows
Alr intakes (HVAC, air compressors)
lgnition sources (open flames)
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13 ft Aadius

Group 2 and 3 Exposures:

Bulldings

Unautherized entrants
Unclassified electrical equipment
Overhead power lines

Parked cars

Combustible waste
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1) Local emissions for 1 litre of diesel fuel according to EURO VI norm

2) Non-linear db scale; -10db = 50% noise reduction; noise levels vary depending on terrain and driving style
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