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Trials and Deployment of Fuel Cells Application-Transport

Transport - Total

Reduce fuel cell 388 e
system costs for
transport 60 rrojects
applications while

Increasing lifetime Out of which

Transport Deployment
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On the road to widespread deployment

28 projects =767 M€

6

Transport
Validation
Funding

B Cars H APU
H MHV Trucks

M€

* Other resources including private and national/regional funding

M Buses

m Other

Extending the
European network

Consolidating as
market alternative

First steps to EU
business case

DEPLOYING:

100 HRs

1,900 cars
360 buses

280 MHV
15 trucks



Putting the numbers in the streets

Seven models on the road today

Trucks Maritime

. . . . .”"'""S

Cars

Buses Trains

Cars Research




Deploying along the full European geography

11 countries to deploy vehicles within our projects

&5
‘ 625 cars deployed

_________________________________________________________________________________________________________________________

vear Projects #FCEV Already Countries et
(call) deployed . Deployed

2008 H2MOVES 19 19 2

2010 Hytec 24 24 3

2011 SWARM 35 13* 3

2013 Hyfive 133 133 6

2014 H2ME 325 245 9

2015 H2ME 2 1109 136 10

2015 BIGHIT 10 5 1

2017 ZEFER 180 50 3 I

e e o o o o e e e e e e - ———

Finished projects are underlined * SWARM will complete deployment by Q1 2019




Cars and small vans are at commercial standards

New car models are coming in the roads

Achieved in 2017

| Fleet
- >1,830,000 km driven : :
- >24.5tof H, consumed in 2017 validation

on-going

Product ready for commercialisation
- Up to 594 km of driving range

- 99.3 % availability .
- 1.3 kg/100km average consumption Innovation
Award

Nominees

Increase

Challenges
’ HRS

- Few choices in the market
- Cost

usage!




Fleet operation — example of H2ZME projects

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

Taxi fleet (STEP) in Paris | | L S x

- July 2017 — Sept. 2018: furthest distance travelled TN e HRS response to fleet operation (2018)
by one of the vehicles is 72 836km since July 2017 5 N S 0# of refuellings  @H2 dispensed (kg)

-~ 4-6.000km/month/taxi in Paris ARl 00

- 2 shifts/day operation i . — SN R . : +95 Mirai

2000 in London

............................................... R o\ 1000
Vehicle usage in fleet operation o warn * i

2| | B — green
operation o
~. i
é | : HRS high quality service required
= 0; 14 w8 Upgrade of HRS
0 2016 2017 2018 | —N Constant use over the day — like gasoline station

\ Integrated in gas station forecourt
Police vehicles (MOPAC) in London Back-to-back refill

- Involved in police operations Proprietary « App » for HRS status
- ... including crashes




Reaching the market phase

Offering a flexible clean competitive public transport solution

Trucks Maritime
. . . . .”"’""5
.
Trains
Buses

Cars

Research




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

Need to fulfill the project plans, buses are covering the European territory

_____________________________________________________________________

Planned

Buses deployment status and
o deployed

From order to
operation, a
delivery time

~ 18 months pre-JIVE _

JIVE

@ Deployed @ Ordered Order under
preparation

CEF and EIB
support FCB
deployment

® Deployed

Next generation products N e



A flexible competitive clean solution

Europe is world leader

Achieved
> 6,000,000 km driven since projects started

Cities order fleet of buses

> 92 t of H, consumed only in 2017
> 25,000 h lifetime reached

625,000 €/bus offered 88%

Increase of scale of bus orders

X:in 2013/14 :1n 2017 2 :in 2018/19
green
SN bt hydrogen ; B
Average availability | - Bolzano (IT), Aberdeen (UK) X =i
' 90% | ' a
| | London(UK) X — 8L
Reduction of downtime by: Cologne (DE)

Easier access to spare parts .

Integration of FC maintenance [ Groningen (NL)
in bus preventative schedule ’
Dedicated pits at bus depots
Presence of OEM staff on-site

Birmingham, Brighton (UK)

_______________________________________________________________________________________________________________________________




Questions for the audience

Learning from HyTransit

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

o e e R N e e R e RN e e RN S R N e e e RN N e e R RN S N EE N e RN N e e RN e R N e R N R e RN e e R N e e R RN N e e RN e R e N e e e e R e e e o e e,

- In comparison to diesel Euro VI buses, how many tons of
~ CO2 were saved from March 2015 to September 2018
- through the use of 6 Fuel Cells buses in Aberdeen ?

The buses are powered by green H2.

____________________________________________________________________________________________________________________

_________________________________________________

- a. 10 tons ?

E b. 100 tons ?

- C 500 tons ?
d 1.000 tons ?

_________________________________________________
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http://www.slid.do/

Not only projects but a full strategic development

Results of study support since 2012 and strategy forward

Clockwise implementation of the

New business and financing models
- Joint procurements

identified deployment potential

- Central purchase office
- Special Purpose Vehicle

2017

' Commercialisation

by tHterm roll-out of hydrogen fuel
cell buses

-R00 buses per location) o . . .
; | e g Policy for funding mechanisms
or=a, - Discussion paper for policy purpose

(~20 buses
per location)

- 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

2018 EUROPEAN

ZERD EMISSION BUS:

| Dissemination 0 u
20172017 2018 2019 20201021 2022 2023 2024 2025 g026 2027 2028 2029 2030 i . WOrkShOpS a nd CO nfe renCES i @ CONFERENCE
| - Zero Emission Bus conference cotoone + Novembersznszan |

_______________________________________________________________________________________________
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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

Planned

_____________________________________________________________ and
@ Dcployed @ Ordered Order under & deployed
preparation i
- pre-H2ME [ | %
P g () Planned
v I e
e Deployed
Hame 2
0 5 10 15 20 25 30
@ Deployed ® ordered Order under
preparation
: CHIC
- High V.LO-CITY
| HYTRANSIT
SEMOTION
JIVE s
JIVE 2
REVIVE oo ooooooIoIoooIooIooIooooiooooioSioiooooes
0 5 10 | CEF supports HRS deployment as well

_____________________________________________________________________________________
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Developing technology for everyday customer

Generating revenues vs. covering territories

Achieved

- >39,000 refuelling operations in 2016
- >308 t H2 dispensed

New revenue models
- H2 injection in gas grid

- Electricity for grid balancing
- Permitting down from 24 to 18 months

________________________________________________________

Challenges
Reaching profitability

Availability increase 2016 vs. 2017

100% . Surviving underutilization
Max. Reducing energy consumption
iAverage o8% Standardisation
| T~
95% | Cause of downtime

g Compressor ~, Trends and context

939 Coherence of national deployments due to AFI directive
D'Spenser H2 dispensing within petrol station forecourt
HRSBus | HRScar Market consolidation in some areas

Improved customer experience
o oee ," Hand by hand HRS with fleet deployment




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

limited not outside !
available available opening hours information |,

CEL. ' available
2 Reykjavik

FFFFFF

1
10.0 @ Full filling 20-700 bar |

@ Partial filling 20-350 bar !

A
HUNGARY

50 ¢ ® @ . Partial fl”lng 350-700 i r!‘-‘hla
| —.-.L o 98% accuracy bar
[] ~ . F|II|ng at MMQ (1 Kg) T Barcel R
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5. 96% accuracy https;//hz-map.EU/

_________________________________________________________________________________


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 largest
fleet in Europe

Achievements since 2016
226 MHVs in 3 warehouses
> 87.000 refuelings
> 600.000 hours of operation
Publication of regulation for warehouse
H2 operations: ease replication (FR)

97.8% 98.6%

_______________________________

Diversity

of vehicle Opportunities

- Logistics beyond the warehouse
A complete solution “vehicles + H2” to : types - Port applications
- Reach TCO and generate profits

- Brings flexibility for the operations
- Reduces risk
- Limit footprint loss for refuelling

19



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 trucks and maritime

Continuum of funding in the best fit for business case

: 2018 - Ferry Mid-size passenger
Growing propulsion ships and inland freight
sector

2018 — Fleet of @ Large scale heavy duty
HD trucks trucks

2016 - Dynamic
positioning

2017 - 15
Garbage trucks

2013 - APU for
recreational

2013 - APU
development
for diesel truck

Key considerations

- Importance of regulatory aspects

- FC for hotel load at port or propulsion at sea
- Going towards MW scale FC

- Hydrogen logistics and storage

Key considerations

- Non-European OEM pressure

- Diverse operations (last mile,
long haul, urban or interurban)




Identifying and supporting the uptake of H2 for trains and aircrafts

Continuum of funding in the best fit for business case

: : FUEL CELLS
@rrra © |, (Hye
- Sl oy o T

v-' : :":.'".‘1.; P & SoR J - HYDF

———————————————————————————————————————————————————————————————————————————————

o 5hift2Rail UCHY.,

2 &
%, o
Ty rom

fuel cell hydrogen in railway
environment”

Going beyond regional trains
- Shunting locomotive, DMU

TCO calculation
Environmental impacts
Multimodal approach

On-going cooperation “Study on use of

X

Towards
aircraft
propulsion

Emission-free
regional 19 seater
aircraft

2018 — Aircraft
propulsion

2017 — FC for
emergency

operation

2012 - APU for
secondary
electrical system

Key considerations
- Specifics safety measures

- Regional aircraft (up to 19 passengers) as a market
- Weight, sound and pressure demanding application

22



Decarbonizing the European transport sector

Allowing to meet the European CO, targets

Advancing on “fleet case” deployments

Towards larger fleets demand

Spreading and speeding H2 mobility

Expanding business cases and reaching out new markets

Supporting the first best fit per application

23
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For further information
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Questions for SLIDO

Learning from HyTransit

In comparison to diesel Euro VI buses, how many tons of CO2
were saved from March 2015 to September 2018 through the
use of 6 Fuel Cells buses in Aberdeen ?

o e e e e e e - ——————

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

- : - 1.2 million km travelled since March 2015
1 . - Diesel consumption is 33 litres/100km
500-tons-? - 2.6kg CO2 equivalent/litre of diesel

(based on emissions factor from BEIS)

____________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________
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