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Trials and Deployment of Fuel Cells Application-Transport
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On the road to widespread deployment
26 projects =780 M€

Transport
Validation
Funding

H Bus BmCars M Trucks m MHV

Other m APU  m Ships

M€

* Other resources including private and national/regional funding

Extending the
European network

Consolidating as
market alternative

Exploring heavy-
duty segments

DEPLOYING:

103 HRs
2000+ cars

360 buses

273 MHV

31 trucks



Putting the numbers in the streets

Several models on the road today

Trucks Maritime
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Cars

Buses Trains

Cars Research




Deploying along the full European geography

12 countries to deploy vehicles within our projects

&5
‘ 725 cars deployed

_________________________________________________________________________________________________________________________

()::;I; Projects #FCEV 02’;7:;}' d Countries ‘
2008 H2MOVES 19 19 2
2010 Hytec 24 24 3 |
2011 SWARM 35 13 3
2013 Hyfive 133 133 6 |
2014 H2ME 325 325 g |
2015 H2ME 2| 1109 186 10
2015 BIGHIT 5 5 1
2017 ZEFER 180 120 3
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Finished projects are underlined




Cars and small vans are at commercial standards

New car models have been put on the roads, delivery/service fleets to emerge

Achieved since 2016
- >13,700,000 km driven
- >72t of H, distributed

Fleet
uses
validated

B  FCEV-RE IS |

~ Renault is now

proposing hydrogen
~ version of its Kangoo
~ and Master ZE |

___________________________________________________

Product ready for commercialisation

- Up to 594 km of driving range

- 99.7 % availability

- 1.17 kg/100km average consumption
- >152.000km travelled by one car

New FCEV
models
deployed

The first 60 Daimler
GLC FCell and 30
Hyundai Nexo
deployed under

HRS load
reaching

45%

Challenges

- Still few choices in the market
- Cost

- Limited supply in EU

___________________________________________________




Taxi / Car Sharing / Ridesharing, company lease and functional fleets

Uncompromised operations, creation of new mobility services

= 45 cars
= 2.2 millions km

and Stuttgart (DE)

12 H2 stations

London, April 2018 :

" One million miles PRI
49—?‘_ 5

" Saving 7.6 tonnes of ‘ m
CO2 - - | T

50 cars

380.000 passengers

k 5 H2 stations

© greentomatocars /

Fleet
examples

Paris, May 2018

50 vans HyKangoo
= Utility company

= Leased by Alphabet
" Loaded with tools
and material

4 H2 stations

Cities in DE, July 2018

30 cars

" Usein fleet and as
private cars

" Network of hydrogen

“ Alphabet

stations in DE




Fleet operation — main contributor for H2 mobility experience

Demonstrating the efficiency of the technology — Vehicles and HRS pushed to intensive conditions

Taxi fleet (STEP) in Paris
- July 2017 — Sept. 2019: 4,200,000

km driven
- ~40-60.000km/year/taxi in Paris
- Up to 24/7 operation

FCEVs distance driven per year (in km)
7,000,000 6,9 million km

6,000,000

5,000,000 STEP
4,000,000 Clever Shuttle\
3,000,000

| GTC
2,000,000

0,6 million km
1,000,000

0
2015 2016 2017 2018  Sept. 2019

Other FCEVs m GTC M CleverShuttle mSTEP
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HRS response to fleet operation (2018)
low carbon

hydrogen Orly and Roissy HRS usage  Opening of

— Roissy
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= Average load (Orly & Roissy) e of FCEV taxis reporting

HRS high quality service required
Upgrade of HRS

Constant use over the day — like gasoline station
Capacity for back-to-back refill
Proprietary « App » for HRS status
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100 !
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Typical day in a hydrogen taxi in Paris

28/07/19: Distance: 500km, Refuels: 3, Amount refuelled: 6kg H2

—_— e ——————

e ~
’
y ° e o °
1
| Geographical coverage of a taxi in Paris
I
1
1
1
1
1 ) L
1 ; AUVERS-SUR-DISE MONTSOULT ll
4 I LONGUESSE | A Osny ; e ) i
1 5 i . o > 2 { | / i Da R G.oél FORFRY
: JAMBVILLE : ﬁE_ontoise ; S L 5
] : b ‘ BOUFFEMONTY, Louvres |
: Cem iy Goﬁssa__il:l_vi_llg __M:MJ REGARD
I Eragny PlEnRuMz BOUQUEVAL | - _
: e Jouy-le-Moutler ; ﬁ', 1 e
> MONTLIGNON A [ R 3 THIEUX VINANTES Y- .
: ROISSYZEN: FRANCE gty congl
y 3 HERBLAY : ]
: Les Mureaux Cunflans Ste. Hononne <y sarcelles & Y dba=
| T L : ancon\nlie ; / o _Mitry-Mo Crédivals- 1l e
1 Verneuil-sur-Seine . 4 A/{ 3 =t ry régy-les-Meaux |
= o i E r.*
1 : G ; m | o4 | CHARNY Chauconin-Neufmontiers
o Autoroute de v, Garges-les-Gonesse ; ; i :
1 Aubergenville \ Achéres A Villep'if 1 i - ' Meaux }
1 EP‘J“e ; rge MEDAN \ Stainsd & ¥t . " “a i =g Trilpoi
1 X o Tremblay-lés-Gonesse
I ill 'Il‘ b e, S }m ..Claye-Souilly~ CHARMENTRAY,
| ; . Sartrouville Argenltl_!m 18 i | St.-Denis ) Sevran . Villeparisis \
1 \ / S ’ i : . _: e
| CANADA o Poissy ] Houilles ‘.E:I Gennewtlrers‘\kq Ta Coumebreriy Biacy ? Aok o Nanteuil-lés-Meaux
1 N . - \ -:." [ A1 ] e Livry-Gargan f JABLINES
| : mr«- T pa l/ COEombﬁ o m _ry 9 = MONTIAY-LA-TOUR PREVILLIER
I NHERBEVILLE s S N J Asniéres-sur- Se'"e [ £19 : o 4 —=""Clichy-sous-Bois - - e | { A4 | o
| (SRRAVIL = e A __../ Bobigny SSigondy <o =R o g
: St—Germaun—en—Laye i 2 4 ""--'t;,Courbeuole & o J Quincy-Voisins ol
S Na RS {7 / POMPONNE
! CRESPIERES 'Famerre i o Y f%ﬂh = Gagny i : i e
1 ANDELU . o i E| ME kol v o  E15 | £ L - Chel_h_!_s ; i i CHESSY By f
: . L= X ﬂ::] ﬁ'—"" n m\ Rosny-sous-Bois \ i v s 18 _
! 1 %, Marly-le-Roi /i Ml e AW = v S~ / .
1 ! LEQ:',;LTE:S ! 5 ' Paris it o ..I'\Ieuilty -sur-Marne i SAINT-THIBAULT-DES-VIGNES N | Crécy-en-Brie
1 AUTOUILLET PIGNONS 7 o 1 X & !
| y JE'B“’ il o i; o Noisy-le-Grand ™= o2 : Bailly-Romainvilliers
1 axq m I i Xy If d. Le Perreux -sur-Marne X b4
I ""“!’“ Boulogne:8i arl:ourt 136 ARR. 0 i nols, des S ""’J mwm#“ﬂ""
1 Les Clayes-sous-Bais & V[ncennes A A4 f 150 8 PO e o = %
1 LA BARDELLE g L CROISSY-BEAUBOURG 3 el
1 Plaisir el :'m ] . [
I Fnr!tenay—l%;ﬂeury ’T-: e [[iMEUDON §|:| | F . Champ‘lgnyr sur-Marne
| . ¥ \ i
-------- 4 Versailles St -Maur-des-Fossés
1 - : St-Cyr-I'Ecole 2 Pontault Combault LA ROUTE
1 MAREIL-LE GUYON-—+ i e :" Al i m U
e ‘:'_‘ : = ,' MORTCERF
: Montigny-le-Bretonneux % MEUCON; LA-FORET . V‘“Y sur-Seine 1
1 Tt m*l ; Mr_cmte“
: Elancourt Guyancourt k- X E:J i\
M i y . FAVIERES
! aufenos Voisins-le-Bretonneux VAL DVKLBIA / m\ ; s -
| / Y BOISSY-SAINT-LEGER B | | CREVECOEUR-EN-BRIE
: BRLY LESIGNY !
| LA GRANGE DU BOIS = w;{scus 0 : N GRETZEARMAINVILLIERS.
1 R ; o oy ol MARLES-EN-BRIE
: GIROUARD 3 : j & K- ’,-"'-’_.-." f
! T TR m ‘ERI PARAY-VIEILLE-POSTE B CANTON OF"~ 5 =
| . YERRES Fontenay-Trésigny
] AUFEARGIS L ; ¢
| BHIE-COMTE-ROBERT
1 P Lol
I Les Ulis & sl e Rozay-€
1 SAINT-BENOIT ¥ Y : Se =
1 ! LES'MOLIERES Sa\ngq@{)rge ; | Qunopsotsoena COUBERT
: Viry=Chatillon Ccmbs la-Ville | Chaumes-en-Brie
P : \ Nt A j
1 h LE MAUPAS : Oj \Grigny i
| > 1 5 2 \ 4 / 2 i
. - : b Lirmours ; ] Ris-Orari X Verneuil-I'Etang oury
1 Rambouillet P.N.R. la Hte Vallée de Chevreuse / e i chinte-Genevigvé-des-Bois  FR? - D%
1
1
1
1
\

S e e o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -

Vehicle refueling gauge level
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Time of day (hh:mm:ss)

09:36:00  12:00:00 14:24:00 16:48:00 19:12:00  21:36:00  00:00:00

Fleet needs
High availability and HRS networks covering
operating areas

- Two or more HRS close to each other helps for
redundancy.
Need for higher redundancy in future individual
HRS - especially dispensers




Reaching the market phase

Offering a flexible clean competitive public transport solution

Trucks Maritime

. . . . .”’“""5

Buses

Trains

Cars

Research




More cities, larger fleets, more suppliers: approaching market stage

80 buses ordered in 2018-19, most of them for operation imminently

______________________________________________________________________

Planned
and
deployed

Buses deployment status Next

Order under
preparation

JIVE

@ ordered @ Deployed | WCIRTTENdlo]g!
M products

® Deployed

® Planned

CEF and EIB support [l ~ — | % the Year
FCB deployment Bl ™ . 2019

_____________________________________________________________________________________________________________



OEMs in Europe are responding to the growing demand for FC buses
and preparing to offer new solutions

Yet Non European OEMs are also active in the sector

 ALEXANDER
. DENNIS
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A flexible competitive clean solution

Europe is world leader

Trends

Achieved Cities order fleet of 10-40 buses

- >10,000,000 km since projects started
- >35,000 h lifetime reached

Zero-emission tenders

Novel HRS designs (in-door, scalable)
Zero-emission transport integrated in
larger hydrogen ecosystems:

- Waste to wheel

- Hydrogen valley

- e e e e e e e e e e e e e e e e e e e e e Em e Em e Em Em Em e e e Em e Em Em Em Em Em Em Em Em e M e Em e M Em Em M Em Em Em Em e e e e e e e e e e e e e e e e e e e e e

Wermelskirchen: \
in-door HRS for
800kgH2/d

- 625,000 €/bus offered
- 40.000km/y per bus on average

low carbon
hydrogen

Preparation for deployment:

- Upgrade of depot sites

- Creation of maintenance pits | : .
- Placing H2 supply contracts POLN >
- Training of staff, technicians, drivers o &3 .
- Defining routes and operations '

____________________________________________________________________________________

“Waste to wheel”, from
waste incineration to
hydrogen for mobility

____________________________________________________________________________________________




Paving the way for FCEV deployment in Europe

Exporting technology

Trucks  paritime | v_%
. . . . Planes
Trains
Hydrogen refueling
stations

~' | - -

L

Cars Research




Making FCEV deployment possible

13 countries involved in HRS deployment, now putting the first HRS for heavy-duty

@ Deployed © ordered Order under &

____________________________________________________________________________________

Order under
preparation

i CHIC |
' High V.LO-CITY  me— 32 HRS
| HYTRANSIT mmm for
3EMOTION m——
JIVE s
JIVE 2 s
REVIVE
H2HAUL

buses /
trucks

Planned
and
deployed

e Deployed

S e

CEF supports HRS deployment as well
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Developing technology for everyday customer

Managing a network of HRS for demanding customers

HRS tuned for demanding customer experiences
Higher usage is resulting in more station damage
Frequent driver changes means training

Communication sources are vital to ensure drivers are
redirected to available HRS ’
Users need real time support to assist 24/7/365

HRS availability in London area

R | -~ Summer 2018 Summer 2019
~ Cause of downtime |

Compressor \_ Achieved from 2016 (1 HRS) to

Sept. 2019 (25 HRS reporting) Safety
. R o -  HRS comply with safety codes and standards
AvailabiliEy S - Third parties certify HRS safety compliance
. - Annual incident rate:
- >72tH2dispensed - US gas station* = 4.3%
- Worldwide HRS = 1.3%

*National Fire Protection Association

Dlspenser

- >35,000 refuelling operations

16



HRS service is getting closer to commercial operations

Metering accuracy and open source for public HRS online monitoring in all EU countries

Expectation for commercial operations = ability to
measure accurately the amount of hydrogen
dispensed

1
' available

]
~~ Groningen
10.0 @ Full filling 20-700 bar ’ ;

@ Partial filling 20-350 bar !

°.° @ Partial filling 350-700 | J
— o 98% accuracy bar L
K —— @y | ® FilingatMMQ (1Kg) s 13
& :—’ - Belgique /
E - . d : Belgien
LE = [ 8
Pl Luxembouyg
|

' Schweiz/
-10.0 I ince

0.0 1.0 2.0 30 4.0 | Suisse/Svizzeral®
Y.~ Svizra ,
. | § Slovenija
Mass delivered (Kg) j Auy " Milano

o ,/‘*

_________________________________________________________________________________

available available opening hours information |,



https://h2-map.eu/

First steps into the business case

Expanding the fleets giving answers to the market

Tr ucks Maritime

Material Handling Vehicles

Buses




First steps to develop a European business case for forklifts

Looking into market diversification and new segments

First greenfield warehouse and the Container terminal
two largest fleet in Europe "

’
[

- Availability increase

97.8% 98.6% 99.2% |

2016 2017 2018 Diversity

of vehicle
types

Achievements since 2016
273 MHVs in 3 warehouses
Availability > 99%
> 152.000 refuelings Opportunities
> 1.000.000 hours of operation - Logistics beyond the warehouse
Publication of regulation for warehouse - Decarbonise container operation in urban ports

H2 operations: ease replication (FR) - Ports as hydrogen « coastal hubs »




Reaching out to cover all transport applications

Testing the technology, broadening its application

. Trains
Other applications

Cars Research




Supporting the growing sectors of heavy duty vehicles (HDV)

Penetrating municipal garbage collection, logistics operations for industry and supermarkets chains

From APU to truck fleets

2018 — 15 HD
trucks

2017 — 15
garbage trucks

2013 - APU for
diesel truck

Year 2025
. 15%

____________________________________________________________________________________________

2030
30%

T Planned

Garbage trucks and
trucks deployment

Next steps:

- FCH2 JU study on H2
HDV business cases

-  Project on H2
fueling protocols for
HDV

Key considerations
Non-European OEM pressure
Building up the first small fleets (4 trucks/site)
Diverse operations (last mile, long haul, urban or
interurban)
Support to EU value chain (EU FC system suppliers)



Supporting the growing sectors of maritime

Continuum of funding in the best fit for business case

- e e e e

2019 — sea- No « one size fits all » :
going vessel Different vessels segments UCH );
Different power and B
_ autonomy ~ “H2@Ports
0 @Y [l B - Various fuels (H2, NH3, LOHC) & workshop”
barge pusher FC technologies (PEM, SOFC) Sept. 2019

2017 —

Key considerations
research vessel

- Crucial need for international cooperation
- Importance of regulatory aspects (IMO and CESNI)
- Ports as hydrogen « coastal hubs »

2013 - APU for :
- FC for hotel load at port or propulsion at sea

vachts

Challenges: R&D in the area’s of LH, storage (bunkering), MW scale Fuel Cells, carriers,...



Identifying and supporting the uptake of H2 for aircrafts

Continuum of funding in the best fit for business case

From APU to aircraft propulsion

Decarbonising aeronautics
Review and state of the art
Concept studies for regional,
commuter, LR, MR, SMR aircrafts
2017 — FC for N\ Impact at air transport system level
emergency ' ' Recommendations on future R&|

operation

2018 — Aircraft
propulsion

____________________________________________________________________________

2012 - APU for
secondary
electrical system

" A Clean Sky
o
Study on use of on use of

hydrogen and fuel cells for alrcraft
Challenges propulsion” ;
- Specifics safety measures e "

- Aircraft specific duty cycles and form/fit/function requirements

- Weight, sound and pressure for demanding application .



For each railway application, FCH can present a clean, economically
sensible alternative to existing technology

Continuum of funding in the best fit for business case

e e e e e e e e e e e e e e e e e e e e e = e e e e = e = e e e e = e = = e = e e = e = = e = e = e e e e = e = e = e e = e e e = = e = = e = e = = = = = = = = e = = e = e = e e = e e = e e = e e e =

« Study on the use of fuel cell
hydrogen in railway environment »

Groningen & Friesland, Riga Node, Kalmar - Linkoping,
Netherlands Latvia Sweden

o ShifizRal - ((FH)),

Y& Passenger in regional transport
@9 Upto 1,000 km
- # 30vyears

e e e e e e  — —  m  m m — — — ———— -

" Overview

>\ Shunting and short distance

Results in

i @9 200-1,000 km EUR/km, i,
= o T LN S T e e =
e -1 Track length 300 km 100 km 230 km
' Rolling stock 70x 3 car trains 15 Shunters 5 Locomotives
. H, consumption 0.22 kg/km 0.49 kg/km 0.48 kg/km
. Characteristics Fast trains for intercity Shunting operation between Passenger and freight transport
| connections several port terminals between two cities
Q Med. distance freight + passenger ' Dicsel - 138 209 .
i 99 500-1,100 km . FCH O meeeeee——9 N 204 . 6.7
s .1 Catenary Y 4.4 22.0
i % 30 years . Battery ™ 5.2 218

_____________________________________________________________________ CO, saving potential in one year

_______________________________________________________________________



Decarbonizing the European transport sector

Allowing to meet the European CO, targets

Advancing on “fleet case” deployments

Towards larger fleets demand

Moving towards heavy-duty mobility

Reaching out new markets for specific uses

Supporting the best fits per application

25
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Lionel Boillot

Project Manager
Lionel.BOILLOT @fch.europa.eu

For further information
www.fch.europa.eu Q @fch iu

@ Fch-ju@fch.europa.eu
@ FCH JU
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