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Addressing the main challenges to expand the H, infrastructure

Customer experience

European HRS

Availability
System
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= Resistant bladder material l
= CBMdesign and validation §

___________________________________________________________________________

___________________________________________________________________________

= Compression at 430 bar
. reached via metal alloys
without rare earth

= Capacity: 1 t H, per day at

. 240kgH,/h peak demand

Peak demand.4kgH2/ h = Energy efficiency: + 20%
Metal hydride and

mechanical hybrid S Large scale demonstration |§

compression
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= Full service for H, management :
(production, distribution and maintenance)
= HRS standardisation =

1
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4%

= A - Dispenser |
mB -
mC -
uD -

E - Other equipments

Compressor
H2 storage

Electrical components

#CleanHydrogen

HRS availability > 95%

FCH
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3 FCB / HRS
Number of refills per HRS
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- @@ @C? Light duty vehicle demonstration

Y, + & ©© | Fleets are bringing the mileage with 100% FC availability
European [oo—DD +

HVd I'OQ sggk New models coming
into the projects:
Achievements

= 1,860 cars funded/ 963 cars deployed
= 378,595 h of operation / 1,072 t H, consumed
= 1,700 tCO2 avoided

@l FCEVs cumulative distance driven |

o 1 1 ! T \\‘

86% of the vehiclesin " 25,000,000 23,0 million km !

fleets: Confirming the ;

business model 20,000,000 §

15,000,000 FCEVs fleets |

" 10,000,000 i

ydarogen: - !

5,000,000 . |

= 85% low carbon H,, out of 0,6 miltion km |

: 0 0 !

which 21% renewable H2 \ 2015 2016 2017 2018 2019 2020
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Fuel Cell Buses
Prepare for your next ride on-board a hydrogen bus

European %0 FCB consumption (kgH,/100km) - Pre-JIVE
Hydrogen :
Wee

2001-06° 2006-09° 2010-16° 2016-20’

FCB cnﬁumptiu“kgHZ/lOOkm)

#

x

x
. Challenges |E— |

= FCB operational data continuum 5
(JIVE and JIVE will report from 2021) :
= Secure robust plans for FCB support

______________________________________________________________
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Buses deployment status

Order under
| preparation . Ordered . Deployed
pre-ive I
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. @gﬂ;} @O FCH JU support HD road transport
¥, + & %jé Addressing the CO2 challenge of the heavy duty
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' business cases for - |

Building blocks o s g

LH, storage @ d p p roac h REVIVES 2nau [ 13

Standardisation

STACKS ®@ = =
Durability o
TANKS

HRS (2 O _—
Scale up 15 refuse trucks 15 HD trucks

8 sites 5 sites

4 countries 4 countries
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N @Ei@ @O Ships and ports decarbonisation
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20 @ﬂ %j@ Matching the appropriate solutions for waterborne applications
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325%21_ "y LH, - port operations
2

2019 - sea-

sosel s'g;?'c - - Challenges

. R&D in the area’s of LH, storage (bunkering), MW

2018 - ferry + o ‘ - scale Fuel Cells, carriers,... :
barge pusher  CH, g T R e !
290 — . .
| S Key considerations g
2017 - ey
~esearch CH, o " i Impqrtance of re.gulatory.aspects (IMO qnd CESNI) |
vessel PEM " ' Crucial need for international cooperation
| — N 5 FC for hotel load as clean on-shore power
2013 - APU for lIF g0 - = Ports as hydrogen « coastal hubs »
eCis H1I:I:>c::M E‘iﬁ T #PRD2020
— #CleanHydrogen FCH | 9
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To aircraft
propulsion

2017 - FC for
emergency
operation

2012 - APU for
secondary
electrical system

2018 - Aircraft
propulsion

Technology Research & Innovation Economics

Hydrogen is
a compelling
option

Less than 18
EUR per PAX

Demonstrator
by 2028

#PRD2020
#CleanHydrogen

European
Commission

FCH

- Challenges  |E—_—_—E

- Specific safety measures
- Liquid hydrogen storage:
- volumetric & gravimetric density
- 1.5+MW fuel cell :
.- Liquid hydrogen infrastructure |

Hydrogen-powered aviation- Joint Study Clean Sky 2 JU - FCH 2 JU: key take aways

Climate impact

Zero CO, and
70% total climate
impact reduction

10
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.‘@ﬂ @ Eliminating the last non-electrified rolling stock
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« Study on the use of fuel cell (), = Rail vehicle design & powertrain system

hvd i rail . Nl i = Standard scalable design
ydrogen in railway environment » @m : - FC bi-mode design and operation

= H, storage
= FC operational hours

= HRS
| = Design for fast fuelling
| = Density of the network

Groningen &Friesland, RigaNode, Kalmar - Linkoping,

Netherlands Latvia Sweden . Homologation
' - e

Call 2020: train project CECHRAIL

Under negotiation

At specific circunstances H, is already competitive or the | - By-mode m.u ltl.ple unit
\_most economic zero emission solution - Homologationin three

""""""""""""""""""""""""""""""""" # ﬁRb‘idzo y countries
#CleanHydrogen O - Eorggfigsr.]ion



@@ O MEAs development
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.\% D Towards more affordable and competitive fuel cells
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Hyd rogen 8 = 2020 target of PGM loading catalyst reached at cell level

Week = Mass activity of Pt catalyst almost doubled in the last 7y

o

ﬁT_APUl.T ! Pt power density, g Pt/kW Catalyst mass activity in MEA, A/mg Pt :

! 0.5 1 1

: — :

CATAPULT INSPIRE L o4 08 !
novel catalyst making key critical stack | o3 06 |
structure components components e target2020 o4 :

i 0.1 . 0.2 i

: 0 0 - :
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. VOLUMETRIED o GAIA @puu m%m— GAIA :

CJPEECENDJ

PEGASUS GAIA

CRESCENDO Pt-free next generation

non-PGM cathodes MEA | Reinforced membrane thickness, Membrane durability in OCV/RH Voltage decay rate, uV/h !
catalysts | Hm AST, cycles !

I 16 N 100000 30 |

1
“ \ * 1
1o 80000 25 |
! 1
110 60000 >5X 20 ~4X 1
8 15 .
1

Challenges e e /. o .
AL \ : 2 5 !
| i \ 0 & , ° -o !
- » Improve the performance and stability |  “.vomeRie>nre  GalA NSPRE VOLUMETRIOSGATA INSPIRE GAIA ./
. of PGM-free catalysts in PEMFC MEAs ““““_““““—““““““““““_:"_S_h_c)_r;s_t_a::;(_d_r_l\/_e_(:_y_cl_e_l_ standard membranereinforcement

#PRD2020
N g #CleanHydrogen FCH - European I **200 cm?single cell, drive cycle 2, nanofiber membrane reinforcement

Commission
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Bringing cost down, quality up, and approaching mass production

-

Big data to determine
cause and effect for GDL

imperfections

N T Automation of the stack . .
FIT-4-AMANDA assembly process , | Achievements

= 50% cost reduction for on-board
hydrogen storage from SoA to
~500€/kgH,

= 18% increased gravimetric efficiency
from SoA to 6.5%

= RCS contribution “safety vs. costs”

From a 100 fuel cell
production line to 50.000
fuel cells pa

#PRD2020 ur
#CleanHydrogen FCH - Eorgfrﬁggion I
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Q Heavy-duty: addressing different hydrogen carriers and studying LH,

Preparing for heavy duty segment: infrastructure and technology
building blocks

Supporting high-quality manufacturing to deliver volumes

Improve the performance and stability towards PGM-free catalysts in
PEMFC MEAs

#PRD2020 .
#CleanHydrogen FCH |




