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Situacion Internacional del sector Hidrogeno y Pilas de Combustible
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Situacion Internacional del sector H, & PC: HRS vs FCEV

Actualmente existe un fuerte impulso para establecer el transporte basado en el hidrégeno
y superar sus desafios iniciales en los mercados de todo el mundo

P L]
s Be Denmark

Y Germany

Fiaﬂce

= ysa

Current state of initiatives

- I I "N 7] I .
2 N I
H2Mobility Germany: H2 Mobilité: UK H2Mobility: Danish Government has Government
Recent Governmentand  Governmentand1l  announced an Energy and 13 compa-nies
announcement industry partners companies Plan 2020 that includes announced
made - 350M€ for  building common  developed common  a range of initiatives for program for FCEV
strategy strategy hydrogen infra-structure mass production

and 100 HRS by
2015 connec-ting 4
metropolitan areas

400HRS by 2023
and FCEVs, amongst

which are significant
incentives

Business case in
development

South Korea

,

e

Japan

4 W
Government
announced
program to
finance and
deploy 100,000
FCEV and 170
HRS by 2020

Fuente: FCH JU

Demo initiatives in California and
East Coast H, Highway; partially
funded by Department of Energy.
New "Clean Fuels Outlet"
regulation in California requiring
deployment of HRS (to avoid
penalties). California Fuel Cell
Partnership announced roadmap
to rollout 68 stations by 2015

H2USA started



Situacion Internacional del sector H, & PC: HRS vs FCEV

Fuente: Los principales paises occidentales y asiaticos planean implantar una importante
Hydrogen Council infraestructura de hidrégeno en la proxima década.
How hydrogen
empowers the energy N° de estaciones de repostaje de H, (HRS) L I sionificant HRS network development Minor HRS network development?
transition
Us Europe Asia
Enero 2017

A i e
"'\

How hydrogen empowers
the energy transition

'

Up to 2,002
| a0
600° 500
340
g0 130 100 103
2016 2020 2025 2016 2020 2025 2016 2020 2025

1 HRS publicamente disponible en paises con un desarrollo significativo de la red de HRS
2 Paises o estados sin perspectivas actuales de HRS

3 Dependiendo del nimero de FCEV en la carretera
Fuente: H2 Mobility, US DOE, Hydrogen Europe, Air Liquide
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Programa de US DOE H, y PCs: Situacion 2017

DOE Hydrogen and Fuel Cells Program

U5 DEFARTMENT OF EF'IE:I'EI}' Efﬁl:-'iefrl':y &
ENERGY Renewable Energy

Fuel Cell Technologies Dffice | 3

Focus

Applied research, development and innovation
of hydrogen and fuel cell technologies that
enable energy security, resiliency, and a strong

domestic economy in emerging markets.

2020 Targets by Application

oy

Fue ell cost $40/KW | $1,000/kW*

Research and
Development (R&D)

Hydrogen
Fuel

- Production

Technology
Acceleration

Systems Analysis

Safety Codes and Standards

$1,500/kW**
Durability 5,000 hrs 80,000 hrs

H, Storage Cost 510/ kWh
(On-Board) 1.8 kWh/L, 1.3 kWh/kg
<$4/gge

H, Cost at Pump

<$7/gge (early market)

*For Natural Gas
**For Biogas

Strengthening U.S. energy security and the economy through R&D on hydrogen and fuel cells
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mentor o | Energy Efficiency &

The Role of the Government Enabling Progress ENERGY |recvaue crery

uel Cell Technologies Office | 23

Technology Innovation Market Impact
* Cut fuel cell cost by 80% * Jumpstarted by
magnitude of more than 11X
. 18,000
SZT.SIkW In 2002 p fuel cell units
f;
’J’
J;
L ‘!’
$106/kW . 7
in 2007 $53/kW s

in 2016 at high volume* ‘,’

*5230/kW low volume, $59/KW at 100K units 1,600

fuel cell units

* Quadrupled fuel cell durability

¢ Validated Research Advances WITH DOE FUNDING WITHOUT DOE FUNDING
(COST SHARE DEPLOYMENTS) (ADDITIONAL PURCHASES)
— More than 220 fuel cell cars
— Driving over 6 million miles * Catalyzed Additional Private
— >360 mirange, >2X efficiency of Investment

gasoline vehicles
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DOE Cost Status and Targets

Energy Efficiency &
Renewable Energy

Fuel Cell Technelogies Office | 4

ENERGY

Fuel Cell System H, Production, Delivery & Onboard H, Storage
Di spen si ng (?OD -bar compressed sysfem)
! $230/kW
33/kWh
$16/gge ! »33/
to
! $13/gge
W s50/kw
i ” $17/kWh
100K/ yr
$53/kW $7.5*/gge
S00K/yr ~ to $15/kWh
SSxx/ggE SO0K/yr
2020 Targets " High-Volume Projection [} Low-Volume Estimate

*Based on Electrolysis **Based on NG SMR

*For illustration purpases only, not drawn ta scale
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Hydrogen Infrastructure Activities- Status

California
70
NEVAD
Newly Awarded
e Taiyab
a0 Fainy
M Site Acquisition
16
M Pre-Permit
Application =0
ath I
M In Permitting e
40 Ea_k‘_-"_‘l'el
Planning H :
Approval =
H Approved to 30 W
T Green icons indicate """
B Under Open Retail Stations San Diego
Construction
20
B Commissioning
L]
H, Stations
Open - Non-
. 10
Retail
Open-Retail
Approx. 60 underway
0

As of November 30 (Data from CaFCP June 2016 status report-
http://cafop.org/sites/default/files/ha_station_list pdf

Funding for: 100

L5 BEFARTMEMNT OF EHEITQY Efﬁcigncy &

ENERGY Renewable Energy

Fuel Cell Technologies Office |8

Northeast

Asiba
T Sy
[ ]
Aot
,,,,,, i
- [ Ty
=
e
L =
i
it
Wiers Wik
! <
]
b

0 Open - Retail () Open Mon-Retail @ InProgress B Hub

~ 12 to 25 Retail H, Stations (planned)

California
Connecticut
Massachusetts
Maryland
New York
Oregon

Rhode Island
Vermont

3.3 MILLION

it

To find a H, station near you: afdc.energy.gov/locator/stations/




Programa de US DOE H, y PCs: Situacion 2017

Califoruia

@ PARINERSHIP

DRIVING FOR THE FUTURE

70 . 40,000 37,400
S 60 S 35000
. . @ 30,000
TG = € £ 75000 -
s E 40 = Em™
s, 29 B % & 20,000
Q
33 = & 15,000 13,400
£ 020 19 40| 41| |44 g o
9 10 34 > & 10,000
Qo e
a o 5000 | 2,800
cannnil > S
0 W H £ o | —
S I I T 2017 2020 2023
1 Open-Retail m New Retail Awards [1Open-Non-Retail [0 Projected Vehicles [ April Registrations
Fuente California Environment Protection Agency — Air Resources Board.

2017 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and
Hydrogen Fuel Station Network Development

<N CalEPA
v California Environmental

Protection Agency

CALIFORNIA

AlIR RESQURCES BOARD
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H2 Stations Covering the Northeast

= “-

NY \ Network of 12 Stations &8
(Long y
Island) "" _ MA Start-up over Q4 2017-Q1 2018“

Q1 2018 J-_" Q4 2017 :
\1 L Dedicated H, supply chain by @Fll_ir Liquide
CT,RI
Q4 2017 Project in collaboration with

' TOYOTA

b e N

New York Connecticut Massachusetts New Jersey Rhode
> Hartford Island
Hempstead Mansfield Providence

5| 2017 CaFCP Quarterly Update Air Liquide, world leader in gases for industry, health and the environment t.l' AirLiquide
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L5 DEPARTMENT OF Enarg:'r Erﬁciancy &

Commercial Fuel Cell Cars are Here ENERGY | renewabie nery

Fuel Cell Technoloegies Office |9

Fuel Cell Cars Sold/Leased in the U.S

by February 2017

p—
S S S
& F «“" & «“"

Note: Cumulative number of vehicles sold/leased. Source: hybridcars.com
Honda Clarity
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UL5. DEFARTMENT OF Enel-g&r Efﬁcienﬂf &

Stationary Fuel Cells- Opportunities Emerging  ENERGY |reeuae crea,

Fuel Cell Technologies Office | 11

Fuel Cell Stationary Power in the U.S.

Sk

Installations Top States

FERET

More than || . By ynit size: DE (30
MW) and CT (14.9 MW)
in at least ||« By number of units CA
(480 systems)

TTRETiGai
A o

EFLISEEIZIIATEREILIRINNNL L &

e dadibedBiciiiaiii,

W

Source: DOE Fuel Cell Technologies Office. State of the States Report (2016)

L -‘-‘FF-;!-'-'!-'-I-.-'!.Ili-;lll'-

~

£l - '__ -
e | | Photo credit. Time.com

New World Trade Center using fuel cells
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Los Programas de’Canada



Hidrogeno y Pilas de Combustible en Canada

v Lider en tecnologias del hidrégeno y pilas de combustible.

v" Gran apoyo por parte del Gobierno a la industria y a la
I+D+i = rapida implementacion de la tecnologia.

National Research Council of Canada Ccz»@”f?—‘-‘ F_C
Natural Sciences and Engineering @ Wy _, w E 7 CoRPEFCIA Pan Canadian Network
Research Council of Canada . S & HYDROG(ENICS
TR US| Gvreon
Canadi NSERC |7 “\u—-,ij\.ﬁp
[ARC-CARC| CRSNG ; / )vﬁi&
/ 7
A
: o /"'r\i%?
Canadian FC and H, Association | {_ﬂ @
(CFCHA) e Queens

I I | Canadian Hydrogen Wd{léffoo

v '.-J.l b
Canadian Hydrogen erd Fue’ Cell Aasocston E{i A McMaster
U and Fuel Cell Association J 5 @ L‘i :-?'i‘.';'i'h"ii\.' e
; |
- 3
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Los Programas de Japon



Programas del H, y Pilas de Combustible en Japon

20 Jan. 2017: Policy Speech by Prime Minister Shinzo Abe to the
193rd Session of the Diet

Hydrogen energy is the trump card for:
* Energy security
e Measures to address global warming.

11 April, 2017: Prime Minister Shinzo Abe atended the first Ministerial Council on
Renewable Energy, Hydrogen and Related Issues

"Japan will be the first in the world to realize a hydrogen-based society.
| request that relevant ministers formulate the basic strategy within this year so that
the Government can work as one to achieve this.

In particular, | would like you to create a framework to accelerate the
establishment of hydrogen stations, in order to promote the use of fuel cell
vehicles to a scale of over 40,000 by 2020, and also conduct comprehensive
inspections that take into consideration comparisons of overseas regulations and
domestic gas stations, so as to streamline regulations on hydrogen stations.

The key to building international hydrogen supply chains, from production
through to transport and consumption, is hydrogen power generation that creates
large-scale and stable hydrogen demand. Toward the building of supply chains and
the full-scale introduction of hydrogen power generation, | ask that you formulate a
common scenario that will form the basis of collaboration among diverse
stakeholders.”
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Corresponding to Grid

v Independent Operation
Hydrocarbon *— 4t Blackout
City gas:CH,
LPG:C3Hg HENE-FARM
Electricity
C ELCTRICITY
POWER
ByICs :
H,-Rich-Gas E
i ! | = | L
Steam '
Reforming :- Hot Water m
Fuel Cell .’LStorage Unit = For Residential Use

27th IPHE SC I“-.-1eeting: April 26, 2017, Hambu g, Germany, Masataka KADOWAKI, JAPAN 9




Programas del H, y Pilas de Combustible en Japon

tal units installed: 194,710 (as of March 2017)
rget: 1.4million units by 2020, 5.3million units by 2030
rice: Currently dropped to less than half of 2009

7 lo
> 1a
> P

Changes in the diffusion number and retail price

el mmm [nstalled units =i=5elling price 390
- 300
—_—a 194,710
5% 200,000 363 598 -
E2 260 153 676 I g
£ @ 150,000 =
, - 200 S
¢E 165 415455 =
=y 150 8
S @ 100,000 5
Eao &=
o%s - 100 gt
50,000 37.525 e %
19,282 - 20
9998 = .
2550 ,
I T - T - T T T r D
2009fy 2010y 2011y 20121y 20131y 2014%y 2015fy 2016fy

* Based on determination subsidization (As of the end of March 2017) 1 0
base
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L Current Status: FCV & FC Bus @@
| HONDA

<December 2014>
B Released “MIRAI" at a price
of 7.23 million yen

< March 2016>
B Released “CLARITY FUEL

<October 2015> CELL" at a price of 7.66
B Announced its FCV sales million yen

plan of 30,000 in global
market around 2020 or later.

FCV production prospecting (Toyota) TOYOTA
35,000
30,000 <March 2017>
30,000 B Operating two fuel cell buses
23,000 on metropolitan bus routes
20.000 B 100 FC-Bus in 2020 for
Tokyo Olympic / Paralympic
— Games.
10,000
5,000 3000 3.000
0 o _eem W ,
2015 2016 2017 Around 2020

27th IPHE SC Meeting, April 26, 2017, Hamburg, Germany, Masataka KADOWAKI, JAFPAN 11
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(& Current Status: FCV & HRS

Status of HRSs (as of April 2016)
- Budget secured: 90 stations
- Open: 77 stations

[Ozaka area)
12 stations

[Tnk-,ra area)
[Fukuoka area) 35 stations
10 stations

[Hagn-.-a areal
20 stations

H, Price: JPY 1,000 - 1,100 / kg H, (USS 8.7-9.6)

Gaurte: Fuest Cell Cammardslmslion Conderencs of Japan
e
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Just Started Large Scale Hydrogen Energy Utilization Project:
Enhancing Hydrogen Utilization

p—

H2 resources
in Overseas

H, Utilization
In Japan

Large Scale
Power
Generation

Small Scale\
GT / Heat
and Power}

IEINER)
usbolpAH 03 J42AU0D

uaboupAH
03 UaAU0T

Organic Chemical
Hydride

[

[ 4 [}

QOverseas

Mass & Long Distance Transportation
27th IPHE SC |‘-.-1eetir19: April 26, 2017 Hamhurg: Germany, Masataka KADOWAKI, JAPAN 15
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. Primer FCEV 300
|X35 FUE' Ee“ coches entregados

de produccion en masa A R,
B 2013 E 5
&) NEW THINKING.

HYURNDAI NEW POSSIBILITIES.

Fuente: Javier Arboleda, GENERA 2017

nfi g Asi sera ¢l nuevo coche de hidrogeno de
El Confidencial Hyundai a la venta en 2018

Agosto 2017

Hyundai ix35: primer coche de “carsharing” en Munich




Programas del H, y Pilas de Combustible en Corea

Hydrogen Fueling Station Roadmap in Korea (Ministry of Environment)

" Phase 1 (~2012) " Phase 2 (~2015) W
13 stations ‘ 43 stations ‘

Phase 3 (~2030)
500 stations

Focusing on densely-populated Spreading out to large cities Metwarking the large cities
area+ H; production sites
[ .
o O

@ : 10 statiens () : 50 stations

Number af hydrogen fiieling Stations
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MCFC Progresses and Product Plan

* Develop core technology by 2008, and diversify product portfolio from 2013.

201317
MCFC Hybrid Plants

e
- Ty

2004-06 2007-08 2009-11
Material R&D 25 kW Stack R&D 300 kW System

.~ Distributed Power
. (by2010)

Ca?mpangnts ______________________________________ b
Unit Cell Multi-MW class
Technology Stack :

ay 300 kW class Applications for '

Module desalination & |

(Base Model) CCCP 5

(by 2017) ;

1.2 MW Module F  MCFC-HRSG |
(Standard Products) : | 77, wil System 5
: Al  Commonality |

:—5',"‘. el - :
d‘-%ﬂm L (by 2015) ;

-
mKe T4 KETEP Fasgaioiid

Fuente: MKE (Ministry of Knowledge Economy of Rep. Korea), Nov. 2010 CCCP (Community Climate Change Project)
HRSG (Heat Recovery Steam Generator
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The 59 MW Gyeonggi Energy fuel cell park in Hwasung City is the world’s largest (Fuel Cell Energy photo)
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Los Programas de Europa



Programas del H, y Pilas de Combustible en Europa: FCH JU

_ FCH JU is a strong Public-Private
'——:: Partnership with a focused mission

p————

Eurapean
Commission

Budget of €1.33 billion in 2014 - 2020

Fuel Cells & Hydrogen Joint Undertaking (FCH2 JU)

rlw Ea’ggggen :f“'.. SGHFEEEWZ StratEglc

Industry Grouping LA . . , Objectlve
100+ Eurcpean esearch Grouping
members Commission

~ 5% SME —— Over 60 members

To bring FCH

" & o § E'“ma,.*&‘.ﬁ s T ) et technologles to
oo waly o, [ e 0 ~ }|g rec A @ Sam | the point of
O g e, g i usTony ) # -,( om_ “'—E v
7] :H'mﬁmlafmm u o fw-el oo ... - um& 1-"‘ @,m, mal'kE'Jt
& kUM oy g g e g 5 . < B i readiness by
O il SRS ‘f"" g e Sovr D , anml — ..:L UTEE: > 202 0
@ M . w | o e e EE =
W, ﬂ m }G . .ﬂ" LEI r”jé\% a lﬂ a
< S mES ke NUCELSYS Es g -2 A .'-‘-’._-.1 A VR == A
) r i~ ---?i . -“T = K o . ! Legal basis:
B, Drbirmep & B Bz ecnalie) Rl v & ‘ e

521/2008 of 30 May 2008 (FP7)
The loint Undertaking is managed by a Governing Board composed of representatives 559/2014 of 6 May 2014 (H2020)

of all three partners and lead by Industry. 7




Fuel Cell and Hydrogen Joint Undertaking: Proyectos

185 PROJECTS SINCE 2008, €640 MILLION FUNDING

S
Planned numbers of applications (deployed numbers*)

Forklifts: Cars and vans: Refuelling stations:
273 (105) 1760 (240) 81(20)
- Ty Bus: y

o o . b7 3600 (750)
Dff-grid power supplies: 10 Large micro-CHP x CHP (500 kWe): 3 (2)
Back-up power systems: 19 H, production demonstration plants/

electrolysers: 5(3)
N

... CREATING THE BRIDGE BETWEEN TODAY'S ADVANCED TECHNOLOGY
AND TOMORROW"S WIDESPREAD DEPLOYMENT.

*As of 1 October 2016
Fuente: FCH JU - KEY TO SUSTAINABLE ENERGY AND TRANSPORT



Fuel Cell and Hydrogen Joint Undertaking: Proyectos

Transport portfolio

120,000,000.00 £ 10
100,000,000.00 € Z
B0,000,000.00 £ - ’

¢ Total FCH JU support:
60,000,00000 € - Z » 286.6ME£ for 45 projects
40,000,00000 € s of which 215.3M€ for demos
20,000,000.00 € - 2 (incl. 21.8M€ APUs)

1

0.00€ - 1]

Cars Buses APU MHV Stack MEA Bipolar HRS Storage Other
and FC Plates

a system

* Total of 1,785 passenger cars in 6 E

projects . _ )
* Of which 1,123 with FCs as range Totlall {|)'F Gzlbuses Ll
extender in 12 locations
* Total of 62 refuelling stations .
Hamoves,eu HYTEC e Hy . HIGRVLDCITY
hueve . §ide
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Cars - Situation in FCH JU projects:
295 cars in operation or about to start

. #FCEVs Project

[
(4
HEMOVES SCANDINAVIA s

A

17 Hamoves.eu

i # | e

L =
Glasgow D-zqmmulu »
£ !.Jmted | HZMOVES SCANDINAINA
o Kingdom 3 . &
k_,-n-H lsle of Wan 2 swARM
B i Manchestar ""i’."'éh*-"él ==
ireland  ® Lin L_ 4 )
o = § Berdink,
25vans AmstErBInEE S i B Y
| 4 Ne1ha-rla|1dt .;: 114 ML IEIVE
@ |
HYEIVE @, -_.,%L,o dgne @many st-" \-\_.
d +Fran| == F' tagie r4 o
- A" ’> HarE 120 cars e
el ! \-\. ".._ Czeeh Republic™ ~ - >
Patin . i
i . _ 2 O ey T gl 138 4 \ Hydrogen
H2Mjé2.-‘|2|:|0+-.1-'h1:;c M“,G:;ph ’)_J ‘.ﬁc;ans - Mobility Europe
A b~ Austria o fi =R
Fran 'wﬂmuwmﬂ B = ot A
B Sl
~ P MoevROsT) IMIII 11 HRS deployed
HZ2ME 100 vans f_
?
N
5 ; . ;
2 Marieco Carsharing project in

Munich (50 cars)
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Buses - Situation in FCH JU projects:
67 buses in operation or about to start

Ongoing EU-funded fuel cell bus
projects

CHIC O

¥ Aargau, CH =5 FC buses (2011)
¥ Bolzano, IT- 5 FC buses (2013)
¥ London, UK — 8 FC buses (2011)
¥ Milan, IT — 3 FC buses (2013)

¥ Oslo, NO -5 FC buses (2013)

¥ Cologne, DE* — 4 FC buses
(2011/14)

¥ Hamburg, DE* — 6 FC buses
(2011/2015)

High V.LO-City ()

San Remao, IT—5 FC buses (2016)
¥ Antwerp, BE—5 FC buses (2015)
v Aberdeen, UK —4 FC buses (2015)

HyTransit )
v Aberdeen, UK — 6 FC buses (2015)
Legend

Bl cCountries with (upcoming) fuel cell buses
v In operation
Planned operation
(2015) Operation start/plannad start
* Co-financed by regional/national
funding sources

Ongoing EU-funded fuel cell bus
project
3Emotion .
Cherbourg, FR —5 FC buses (2017}
South Rotterdam, NL— 2 FC buses
(2017)
South Holland, NL— 4 FC buses
(2017)
London, UK — 2 FC buses (2017)
Antwerp, BE — 3 FC buses (2017)
Rome, IT—5 FC buses (2017)

Current national/regional-funded
fuel cell bus projects @

v Karlsruhe, DE * — 2 FC buses (2013)
¥ Stuttgart, DE * — 4 FC buses (2014)
Frankfurt, DE * - 1 FC bus (2016)
Arnhem, NL* — 3 FC buses (2017)
Groningen, NL* — 2 FC buses (2017)
Morth Brabant, NL* — 2 FC buses
(2016)

Last update: May 2016




Fuel Cell and Hydrogen Joint Undertaking: Proyectos

SOFT-PACT

65 units Solid Oxide FC mCHP

40% rf’electric ‘?9% ntotal
25% cost reduction
FC system life > 10,000 hours

e, on A Ceramic FueL Ceris
B HOMA

Heat and Power solutions

ene.field

* 1,000 units (10 manufacturers) in
11 EU member states
* 30-150 units from each

nufacturer

PACE

* 2650 units
* 4 manufacturers min 500 units

Bosch
Vaillant
Solidpower
Viesmann

* Build a real production line

Thanks to those yCHP demo projects learnings,

national governments now make end-customer subsidy program




Fuel Cell and Hydrogen Joint Undertaking: Proyectos

. § 204 projects supported to date
_:; by the FCH JU for 737 M€

Eurapean
Commission
——

TRANSPORT

ENERGY
93 projects

117 projects

+ Hydrogen production
and distribution

+ Road vehicles

for renewable and machinery

energy integration

360 ME, 49% | 337 M€, 46%
+ Refuelling

il =T infrastructure
power & combined 39 » Maritime, rail and
heat & power Me aviation

applications

generation

Cross-cutting, 34 projects

(e.g. standards, safety, education, consumer awareness, ...




Programas nacionales europeos “Hydrogen Mobility”

Source:

COUMTRY PROGRAM FINDINGS
015 2025 O30 2050
M. Mobitt HRS a0 500 1,000 HA
 IODNNTY o 200 500,000 LT mill A
HZ (tons) 24 £3,000 116,000 MA
2015 2025 2030 FOS0
. HRS Ty 155 f00 »1,000
! FCWs A 167,000 773000 7.3 mill
H3 I:Iﬂﬁl] L EY S THED bl 4 0] SHOLEH]
i 2015 2025 2030 2050
.H'r ] L HAS B4 180 1150 NA
L =
-‘* JKH, ! FCVs <500 255,000 127 mill A,
.‘ h-\'.l-‘ HZ I'I:ﬂﬂﬂ < 00 0G0 152.00x) Ma,
2015 2025 2030 2050
HES 1¥ 185 W&, i3 - BN}
H2 T .I =
FCWa 26 47,000 HA 3,3 mil -
7.3 prall
H2 (tons) 337 10,400 A, 154,000

H, Mobility public-private partnerships

S0, D00

Hinicio analysis based on : (Mobilité _Hydrogéne_ France), McKinsey, (UKH2 Mobility, 2012),

(EUDP_Transnova, 2012), and (NOW, 2013).
Information of 2015 based on expectations taken from the report of H2Mobility Program.



FCH JU: Hydrogen Mobility Europe (H2ME)

[ I |

'H, Mobility !

=S
UK H, Mobility

AN 4
okiin s ere France

21



FCH JU: Hydrogen Mobility Europe (H2ZME)

Concept description:

-
4 4
Hydrogen 3 N ias
::». Mobility Europe | = Joint initiative from the rppst'arpplt!nus
European hydrogen mobility initiatives

* The project will see the deployment of 29 new
HRS and 325 FCEVs (200 FCEVs and 125 FC RE-
EVs)

|+ One ‘working framework’ linking the hydrogen
mobility initiatives of 10 countries, which will
provide the opportunity to:

1) identify optimal commercialisation
strategies and synergies between

countries
2) develop a pan-European strategy for
b /< i , £\ commercialisation
g2 . B . .
vaian I/ y™ ! _ _> | 3) Refine sales and support strategies for the
| ¢ LA _ _ early FCEV customer across Europe
Endorsers:
| I . ' - Hydrogen
R Eam | H,MOBILITY | | == e —— W Mobility — o
Mobilité Hydragine Fi .2 WASSERETEFF TAMMER mlle= ‘acagiﬂgﬂ:gg;?gen - gmuping in melll,t? .
! obilité Hydrogéne rance| . H2 Ighway p II Benelux  E— grouping in
Austria

L



FCH JU: Hydrogen Mobility Europe (H2ZME)

Risk sharing JV - Widespread deployment of 20 x 700 bar |
up to 100 HRS by 2017/2018 and up to 400 HRS in
HRS by 2023 to provide a national network Germany
and so allow OEM vehicle introduction
. - Deployment based on expected sales of 3 x 700 bar
- OEM vehicles (facilitated by tax regime). HRS in SE, NO
Aiming at a network of stations by 2020 and DK 200 FCEVs
- across the SHHP countries to allow across
B transnational driving within the region é%ar';f;':‘?rwa'
— and the UK
Deployment in 3 stages: clustered phase 3 x 350 /700
L‘\‘ Z (2015-2020), accelerated ramp-up (2020- bar HRS in
P = 2025) and established market (2025-2030) Aberdeen and
A L\ characterised by a progressive introduction London 125 RE-EV
Initial strategy based on 350bar RE-EVs in 3 x 350 bar vans in
captive fleets linking H2 supply and vehicles, = Hrs in France France and
which de-risk early H2 infrastructure the UK
investments before OEM vehicles arrive
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El programa de Alemania

(ni) _NOW

mmme Hational Oroanisation Hydrogen and
Nationales Innovationsprogramm Fuzl Cell Technology
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Hydrogen and Fuel Cell technologies

— efficient — flexible — emission-free — renewable — coupling the energy sectors —

renewable energy sources trade & industry - office
L.
Power-to-X 2 logistics public buildings
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r /
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& | |
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CALLUX (nio)

Successful market preparation for residential fuel cells

EnkBL @-0M | ruhrgas EWE #MVV-fergie ~ Verbundnelz

b Baxi % INNoTECH HEXIS B \Vaillant

O_-ég—- o » almost 500 systems

~ 4.5 million operating
hours

- | Wi a y Caltejeeration 1  Oefegmrentios]  Celejmiemtios

Sarvicedinsaze (MITleh e, dle Anlgen)

an ~ system availability |; E
3 gt 0 i
WA s - g > 97 per cent a'_&ii \.

- ~ 2.5 milllion kWh '_" —

_.ﬁﬂ delivered —— Pr——— ,

TS 0 o : -+ S - B
< g » proven stack life B efﬂmency

Q - - v ee—— tiI'I"IE > 20,000 h ; - - m::. i

llllll

hittpJ/fwww callux.net

W Dr. Klaus Bonhoff| Managing Director 5
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Clean Ener_gy_ Par_tnershlp N %,
Technology validation with more than 100 fuel cell = nip ]
vehicles (passenger cars and busses) ot (0P

including hydrogen infrastructure

Fast Rﬂﬂi i g“mu bar t:ta\t:hnt:'nlnzag!pr
B ———

Safety standards defined and tested"

\ Sustamable > 50% green hyquen
el —ﬂ.. In... L— d e T — _El ":_ \i\

SRS CustomerAcceptance

— Dr. Klaus Bonhoff NOW GmbH 9
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H2 Mobility

A partnership to make refuelling hydrogen possible throughout Germany

e 2018 2023

October 13, 2015
Shareholder

gy Lo DAIMLER mu‘;ﬁnwp ga: @ ‘JTEI&L""" Hz MOBILITY

WASSERSTOFF TANKEN

Associated Partners and Advisors .
@ HONDA @ TOYOTA vowkswaciN  INOW w

NOW

A e i M Dr. Klaus Bonhoff NOW GmbH 12
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The federal Government approved the
continuation of the National Innovation
Program (NIP) 2016-2026 on Sept. 28, 2016

Research and Development Market Activation
technical and cost targets Milestones (volume / economies of scale)
- - . hydroegen in hydrogen from : CHP
basic research applied R&D demonstration fransport renewable enerios rﬁgﬁ:nﬁ;ﬁ;ﬂ;ﬁﬁi
[ ] []
cost reduction lead market / lead supplier

| Macro economic benefits / global competitiveness
= s o fiit : .-' wy

Dr. Klaus Bonhoff, NOW GmbH
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A greenhouse gas-neutral Germany
in 2050

Qualitative representation of the energy flow in the UBA THGND 2050 Scenario""

renewable power

losses !

electrolysis

hydrogen

synthesis losses M

w methane FullGIgiitE!

Umwelt
Bundesamt
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Fartneny " Bearad s rvear P i

[FYTY T p— . pmaies | ikl Carglmity s a.d i F ey Permnbn
Ore o & "’.’“‘E““ (3 SINTEF Hzmoves.eu

B e DAIMLERT A acieote. flinon

HZ['.*'H'?Vf“’:...l"H

1112011 - 122012

:‘?ﬂ Daimler + 4 Hyundai + 5 Think)

17 in Oslo, Norway + 2 in Denmark

213641k

2334 kg

1.170

1 (in Oslo) + 1 moveable refueller

:}EIL I:E?I kg for moveable refueller
plus 26 for moveable refueller

Fusbiig 2 afines 11 H3 81

- e

S
Eovinars (1 W2 1 -6}

T

Regiars |1 Wi/ sglm ¢
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v' Consorcio publico-privado establecido entre el sector industria y

el Gobierno de Reino Unido (2012)

v' Obijetivo: desarrollar y asegurar el despliegue comercial de los
vehiculos de pila de combustible en Reino Unido.

I LA
T

UK H, Mobility &

o
& i
- -

2015-2020 b 2020-2025

Coverage extended to

Seeding of Tier 1 regions* g o
o Tier 2 and all major roads

— major cities and
connecting roads Extend coverage to enable
close-to-home refuelling to
50% of the population and

long distance travel

Initial seeding in major
population centres

V /

A Member of The Linde Group

ﬂAIR LIQUIDE BOC

M

MORRISONS

NISSAN

5

Llywodraeth Cymru
Welsh Government

% TRANSPORT
SCOTLAND

ALBA

GREATERLONDOMNAUTHOR

TY

Annual FCEV sales

DAIMLER HONDA

The Pawer of Dreams

@SSE Tovora

(@)

350,000 —

300,000 —

250,000 —

200,000 —

150,000 —

100,000 —

50,000 —

0 —

Relative total costs of FCEV v. diesel

— 1400

w 9o -~ @ 2 § 5 4 O % 8 & K § 2 3§
§ 5 & & © g g g2 g 8 g 8 2 2 g 8

Lo I I R 1 N N & o o I R R 1
B HRS numbers = Annual FCEVsales  ~— Relative total costs of FCEV v. diesel ‘

&

HYUNDAI

&

Department for
Business, Energy
& Industrial Strategy

M
Johnson Matthey

(IITM

POWER

Department
of Energy & Department
Climate Change for Transport -

Fuente: http://www.ukh2mobility.co.uk/

MNumber of HRS in operation
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Gouvemement

Entreprises de

I'énergie
o . ; ) ) Pr!oduc:’ret\Jrs — o _
v Iniciativa publico-privada (2014) Hhaa b = = M
.. Véhicules et —ry (2 =
v" Obijetivo: desarrollar y asegurar el setemespiea B E2, [ i @) ©

combustible

despliegue comercial de |los
vehiculos de pila de combustible

. Centres de S5 P — o
en Francia Recherche : i

Associations rhhenzes s e ®
régionales-et-poles

Electrolyseurs McPhy JITM A T
POWER A

Relier les Clusters Couverture naf

Associations
européennes et
Disponibilité réelle des francaises
véhicules @ des prix de marché éploiement nationa

Déclencheurs du plan national

: . l TR fHh o] A1
Une reglemeniation adapiee By b e

-\.(‘ el QL

Un support politique clair

_.'._ _ e = IG
= Des stations H. . . 5 5 P2 Al :
s Des intentions marquées des i o i
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clients
e
S
o CELFEN
g B T ENEn | mR.l..:r
. VRF v oai
55 e S e m‘h R Tead e | i
7 3 7 r - - S . . Ty ' D ey . ’{_I_I Lhchweiz. 5
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> - France « ,."{ Sxizzera o
» = La7beia s -"L!.:;.“h r:d|)
~ T i ':'-.-H ::Egr-
= = k ____?I:':‘r: r
* ::‘ri- .‘: _'M_“ 1__‘
g e T 5 'k.l“"
2017 2020 2025 ' T
Source - = = 17 Swiwin '"3'. i wmvs Vi
" S - Area where HRS provide coverage A HRS in place as of 2014 = Highway with HRS ] B - :'w‘?'uﬁ‘_ s =
gty 'm“__q..:li:’_{-_nriw L}

Fuente: hiip7/www afhypac.org/moabilite-hy drogene-france/er/ -
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LE MARCHE DES VEHICULES HYDROGENE POURRAIT

REPRESENTER EN 2030 :

800 000 ve&hicules 773
586
435 B Berlines
230 e ] Compactes
g 120 167 Bl \éhicules utilitaires

23 457

2022 2024 2026 2028 2030
Parc des véhicules H,, x1000

600 stations H, .52 I sokgfiou

|:| 212kg/jour

252 355H I:I H H ﬂ ﬂ 420kg/jour
169

2022 2024 2026 2028 2030
Stations H,

|
Source : b Hydrogéne Franee

90 000t d’hydrogéne 59

70

2022 2024 2026 2028 2030

Consommation H,, tonnes x1000 par an

3 TWh de prod. électrique

3,251

2,269

1,526
989

60 115 190 276 368 ey

2022 2024 2026 2028 2030
Consommation électrique pour I'électrolyse, GWh par an

14
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El enfoque de “clusters” de flotas cautivas: una forma de
comenzar el mercado, antes de un despliegue nacional completo

LE DEPLOIEMENT EST EN MARCHE
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By 2050,
the Netherlands

The Green is aiming to

achieve a carbon
Hyd rogen emission free

Economy economy.
in the Northern
Netherlands

Fuente:http//profadvanwik com/wp-content/uploads/2017/04/NB-BP-EN-DEF-webversie pdf

The Northern
Netherlands
is determined

to realize a
Green Hydrogen
Economy




Hidrégeno y pilas de combustible en la transicidon energética

; COP21- CMP11
Hydrogen Council - PARIS 2015
(Enero 2017) ' CONFERENCIA DE NACIONES UNIDAS

SOBRE CAMBIO CLIMATICO 2015

@airtiquide ALSTOM (B Angloamerican gnRﬂ(‘)A{JP

DAIMLER EpNGie HONDA & HYUNDAI

@ THELIHDEGROUP OTOTAL TOYOTA

How hydrogen empowers
the energy transition

7 septiembre, 2017
Mitsui & Co, Plug Power, Faber Industries,
Faurecia, First Element Fuel (True Zero),
Gore y Toyota Tsusho

Antonio Gonzéalez Garcia-Conde



Hidrégeno y pilas de combustible en la transicion energética

This study is the first comprehensive, ambitious Hydrogen roadmap

= First comprehensive quantified
vision and roadmap for
deployment

= Not a forecast, but an ambitious
yet realistic scenario

» Answers the question “How could
hydrogen contribute to achieving
the two degree scenario?”

Hydrogen: a central pillar of the required energy transition
Estimated impact in 2050

Hydrogen -

scaling up 18% N

a $2500 bn
P of final energy ) &5 kg annual sales
A sustainable pathway for the global energy transition - demand A »a a (hydrogen and -
% e h equipment') ﬂ ‘
Hydrogen Council Movernber 2047 . 6 Gt \ 30
- annual CO, 1 million jobs
vi abatement created




Antonio Gonzalez Garcia-Conde

Director Departamento Aeronaves — INTA
Presidente PTE-HPC ; Vicepresidente AeH2

' www aeh20rg A
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