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World Greenhouse gas emissions

Target Is to stay below +2 average global warming and to aim for ®C.5Paris Climate Agreement)
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Millian tonnes COZ2-aquivaknt

CO2 and Pollution are the problem

A) CQO problem:
V Transport CQevolution on yearly basis vs 2030/205

decarbonisationtargets shows that the recent
economical growth increasdlse CQ again.
V Transport counts for nearly a quarter of the £LO

Greenhouse gas emissions {million tonnes CO2-equivalent) — Greenhouse gas emissions from transport
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CO2 Emissions by production sector

B) Pollution:

V Air pollution is a real problem for the health of EU
citizens(467.000 prematureleaths- EEA)

V EU cities forced to shut down due to high
concentration of pollutants
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Fuel Cells & Hydrogetechnologiesin the context of the European
Energy policy

research excellence leading to industry
Innovation and growth

COMPETI Increase independence from unstable

TIVENESS outside regions

H2 Is a clean energy carrier

Transport and Energy applications, generate
electricity and heat with very high efficiency
Possibility for storage of renewable energy sourc
Reduction of CO2 emissions 80-95% CQ

| 40% CQreduction reduction
SUSTAIN ENERGY 20% CQreduction 279 32%enewables |

ABILITY SECURITY 20% Renewables 2794 32 .5%EnergyEff
20% Energy Eff.

2020 2030 2050




Strong publieprivate partnership with a focused objective

A combined privatgublic of 1.73 billion Euro has been investecring praduststoomaketieadiness by 2020

FUEL CELLS AND HYDROGEN JOINT UNDERTAKI

401 milhoneuros

128 projects

227 projects 353million euros
supportedfor 59 projects

| ynn Ye 5.5% °C
Energy  Transport  Crosscutting

H, production  Roadvehicles standards safety, 47 million euros
anddistribution Nortroad vehicles aqycation. consum@ 37 projects

H, storage Refueling infra
F/C for CHP Maritime, rail and

aviationapplications

ﬂ Hydrogen ok ﬂ % Hydrogen Europe
Europe -

Industry grouping
>130members
50% SME

Research grouping
70members

awarenessx

42 millioneuros
Similar leverage ajther sources ofunding:886 ne 3 projects




FCH 2 JU Objectives

Market readinessf aportfolio of clean, efficient and affordable solutiofts our energyand transport syste
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H, storage for

Clean grid balancing

Transport B | Demonstrate on a large
Reduce fuel cell system EL 30 fS KeéRNR3S

costs for transport to harness power from
applications e © = ‘ renewables and support
¥ | . its integration into the
energy system

Green hydrogen

production Minimal use of
Increase efficiency and critical raw

reduce costs of hydrogen eleCtriCity materials

roduction, mainly from '
° 4 productlon Reduceplatinum

water electrolysis and e uEll aall loading
renewables efficiency and lifetime



Therole of hydrogen In our society & economy

Hydrogen allows more renewables in the enesggtem through storagand enablesectoral integration

(1) STORAGE asona) (2) SECTORANTEGRATION
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Overview of FCH JU activities in Sweden

i,

BUDGET ALLOCATION

m Demonstration m Research

SWEDEN REGIONS INITIATIVE: GavleboraCounty:

A 24 Swedistbeneficiaries

A Participatingn 35*
projects

-Galesburg* 5 Buses planed (JIVE)

-Mariestad *

Plans:
A Total FCH JU B et ComreHoME
contribution: 16.7 Mik = | plannedH2 RefuslingSiation
A AFIshows 5 stations by | *ca=sepoye in Stoskhoine HZMEZ
2025 4 sandvicr nioa o e natoocase

1 HRS deployed
(H2ME)

Facts:

Mariestad: More than 35 cars on theoads*

A 7 deployed HRS*

*Includingnon-FCH Jdemonstrations

1 HRS deployed
(H2ME 2)

*Nordic Hydrogen Corridor & H2ZME 2
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Electrolysis for energy storage and greening of Industry

Support to developinglectrolysersincreasing demonstrations with falling support
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Electrolysers, M€ FCH JU support

HRS  Steel industry Refineries Food
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Big Industries are discovering the potential of Hydrogen (1/2)

AUSTRIA

(Ei : g = :
(Europe) FT FINANCIAL TIMES
World business newspaper
Industrials technology and economics at scale are
. unproven . . . it will have a long develop-
Austrian ment andhere by investment pe riod.”
Other steel companies, including
t ]mak Posc h Korea and Sweden’s
S ee er SSA itiative:
o Voes tal in e tO :;I:WIOP hydrogen-based steellmak iiii
oo - ou, h
:‘ . . - p becomea ercial reality.
® - a]_ ﬁ:. Voestalpine last year opened a $740m
Graen Hyd regen o teSt CO ee plant in Texas that makes hot briquet-
tediron, a pre-material sometimes used
ar
i

a 0 B S e blast furnace
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6 MW electrolyser at VOESTALPINE (steel plant) in Linz

A The green His produced from hydr@lectricity (from Alps)
A Itis used to produce steel in this way the industry can ma

3.4 MW electrolyser at MPREIS (bakery plantMiols
A The green Kis produced from hydr&lectricity (from Alps)
A 1stphase: it is used to heat the ovens to bake the bread
A 2ndphase: distribution by using,krucks
DURATION2017H N HH T LINRP 2SO0 T ®¥FI0)

first step towards CLEAN STEEL
DURATI@N20162621;Qrdjdct18a € (12 Me 0 e-JUC/ |

https://www.demo4qgrid.el https://www.h2future-project.eu 11



https://www.demo4grid.eu/
https://www.h2future-project.eu/

Big Industries are discovering the potential of Hydrogen (2/2)

Thanks to FGHU research projects the costs of electrolysers decreased and became interesting for big industries

FCH
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10 MW electrolyser at SHELL in KéIn 150/30kW Reversible electrol
A The green His produced from curtailed wind energy du A To operate a highemperature Electrolyser as reversible
to a full electricity grid. generator (SOCreversible Solid Oxide Cell) in the Iindust
A The produced kwill be injected in the natural gas grid environment of an integrated iron and steel work.
(part of it can be used for Shell internal processes) A The system is flexible to produce eitheyor electricity.
DURATION20182022;project 16a € 10@ € 0 eJUYC/ DURATION2016:2019;project 4.5a € (100%by FCH

(Website under preparation) (http://www.green-industriathydrogen.com/home)
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http://www.green-industrial-hydrogen.com/home/

Next steps

Scalingup from MW to GWscale through further research and an EU wide electrolyser initiative

al @ OmMyY wSaSlk NODK aAyYAauIuiskion ingoitior ¢éhallenge |

d ! OOSt SN} UAY3I RSOSt2LIYSyd 2F | 3Fft 20l t Kelk
to the production, distribution, storage and use of hydrogegigawatt & Ol f S ¢

Ledby: Australia, European Commission gadrmany
(others: Austria, Canada, China, France, India, Italy, Japan, Norway, Saudi Arabia, UK, USA)

Thanks to FGHIU, To boost Investments and create the
EUhas a 3 year technological lead supply chain an initiative i1s needed e.
VS others and can e supplier - 40GW electrolyser Initiative
of the world




SECTOR

TRANSPORT




Roll out of cars by FGBJ Hydrogen Mobility Europe (H2ZME)

All FCHIU projects together will put 1600 vehicles on the EU market to gain experience with the technology

2018 (Today)

613 Hyundai

0 [T Renaults Hykangeo

0 K55 ) dvAnal e e g o w LR e - AEE MARKET IN FAST
’1!’- [SONCxl CImr'nJ:y | Ny g — | ST ey : EXPANSI O
DAIMLER Iaunched GLC HYUNDAINexo NEW TOYOTA—M—lRAl & — - =7 et _
LEXUS(est) BMWsmall series Clarity
N )
Al o2dzi mHnn C/ 9
e e o e A9 h 9smdllaS Y 2-2025,
. (= InH2ME projects
' g mass production 2025~
tt | (EE1439 | 09 h9aQa-JuJ] NI
5 & L filha33 PSA: start FCV development
________________________________ ’ A FIA: Starth, 02 Y LIS U A U A
i A California & Japan sales are goi
N .
— - . fast due to strong policy support _
=8 bilit K : d ' Europe v o[RS (0.9-1 mill)* Thbc **
_ _ _ _ MODIlty package IS goo BEEl 150 5000 - 50.000 1 million
chance to catch up BEETEN 2500  40.000 - 200.000 800.000
BYETN 5000 - : . :
' SKorea [0 - 16.000 - -

* According to the action plan of Alternative Fuel Directive
** McKinsey study Hydrogen: Europe roadmap to be released Oct 2018.



Rollout of the required infrastructure in Europe

Europe installs HydrogdrRefuellingSations thanks to European programs (FGH& CEF) & national programs.

Source: FCBU KM data collection file, 20/09/2017, public stations
USADoE & CaFCPJaparHySUT
To date ca. S1 2017
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- 2018 2020 2022 2025 2030 .Slaz)cahr:nﬁ:]bgu}l(ii:pensahydrogen station in

ENeE100 - (820~842)*Thc** =

oifitW12 100 - 350 1000

SETENN 100 160 - 320 (900) | r ~

35 100 ] 200~225 - M Nel ASA: Awarded frame o ®° @ e

O - 310 - - contract f-:?r multlple | q I H f A é é :
* According to the action plan of Alternative Fuel Directive héiﬁi?:,;f#;i 5:3?_,:;:” httDS / / h2 maD eU/ o
FF aOYAyaSée &addzRé | HY 9dzNPLIS NRI RY! SlﬁJallll’bl 0S NBfSIFaSR hOlu WYmy® H2 mObIIIty Deutschland
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https://h2-map.eu/

The rollout of hydrogen buses ifkurope

Europe Is supporting totally60 Hydrogeruses deployment that lead to a price reduction of 66% vs 2010
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There Is an appetite to redut more than 1600 buses by 2020 by cities and regions
- 0 # of Units 100

s

Maturity of the Market ;

@ DEPLOYED
. ® PLANNED



https://www.fuelcellbuses.eu/

In 2017 first trucks appeared on the EU roads and more are to com

Worldwide there Is a clear traction towards Hydrogen for trucks due to the limited range of batteries

2018: Heavy Duty truck
call for proposal

FCHJU H2ME project S REVIVE:H2 Garbage
Batt+RE B Trucks in 8 EU cities |

L0 §]

Call 2018: 1 successful

proposalundersignature Nicola Truck
O D Partners planning

” Vay
* A .
2,000 commercial
trucks on the road by 2020

=~ Toyota and 7-
eleven
collaboration

Toyota Truck @LA port

Hyundai
truck

Hyundai signs deal to sell 1,000 hydrogen-

FCHJUstarted with Fuel Cells Iin trucks2z NJ ! t | . :
was found to expensive, therefor focus shifted to powered truck 1 WltZEIand :

developing and testing trucks with rangetenders or o
fuel cell only e.g.: garbage trucks in mayor cities. Norway aims for 1000 hydrogen trucks by 2023

Seprember 19, 2018

EBOOKS v  SUBSCRIBE




Ralil discovered Hydrogen and Fuel Cells

The first business models are appearing

fO* AND HYDROGEN ( -
o Shift Rall ._ 7 | JOINT UNDERTAKING | YER

FCH 2 JU & S2R JU: HYDR OGEN TRAIN
~ WORKSHOP
Hosted by HyER.

On-going cooperation
a{ GdzRé 2V dzaS
hydrogen In railway

SYBANRYYSY

e o o o o o o o o o o - - ————————

- =

ll mm
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Al17Sepbr Qmy O2YY B A FCHIU+ S2R JU cooperati
operation starts in Germany. IN a joined study to look at
Other EU countries are on th business cases beyond

A 42% of EU railway not electrified
A H, train requires half the

iInvestment vs full electric train
OO0 USYINE M YACf

way Regional trains
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International Maritime
Regulations

Maritime discovering Hydrogen and Fuel Cells

To accelerate the decarbonisation of Maritime, regulation for hydrogen need to be pre|

Class Rules

International Standards

National Regulations

Reduction in emissinng by furl conversion (Petroleum oils — Natural gases) I M O targ etS are ﬂO'aCh | evabl =
NOXx SOx, PM GHG " "
80% ~90% reduction Zero emission 20% ~25% reduction Wlth CU rre nt teC h N O I Og I eS

AIMO! LINAEf HAamyY & feductibndy2650

Willons MT Coze 200 converting theentire fleet to
L 59 million ALEDS 82 million ALBDs 2008 Carbon LNGWIII not be Suﬂ:ICIent
| Footprint 2004 2009 June 2015 January 2017 .
: | I I I >
10 1 - \\ _____________________________________________________________________________ 1 NMLcIraft Interim Guidelines I'-'IS:ZEPE IGFIE::-:IE Urgent need to reglJIa'te ‘
S MSC.285(86) IGF Code Enter into force .
. for ships
g - hY
LNG ~ 25% \\
g T reducion Shre pover - 10% A Call 2018: Zuccessful
target by 2030 Additional energy savings ~ 5 % » N "
... but ships built in 2020's \\\ i ‘ prOposalsunder GAP
[ will still be in fleet in 2050 \ LTS . . .
PURE aims at developindll MARANDAH2 PEMF@ased | Mid-size passenger ships c
6 | Changes target for Not achievable with - auxiliary power units hybrid powertrainfor marine [ Inland freight
e | current technology \\ (APUS) for recreational [l applications,validated on board l§ FC for port/harbor
. n ! achts the research vessel Aranda [ ecosystems
2050 Carbon
Footprint DURATION20132016 DURATION: 2012021 arounddh a €
“vos e s N T e CL LW Cdzy RAGTAY VH m dCcdayek
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Aviation sees a future in Hydrogen for small planes

Hydrogen in the aviation sector causes much less noise and no pollution.

A In 2016 first 4seater plane propelleby
H, took off from Bonn airport

A Developmenbf H, powered small
business jets ongoing ~2030

A HYCARUS is a FCH JU project where the kitche
runs entirelyon Hydrogen and Fuel Cells

FCHJU Funding for Fuel Cell System
Development and Demostration

for the next step!

e e e e

Call 2018: BuccessfulgegSiEliRie]@e](e]o]8] S {e] oK

proposalunder GAP REls[oliE NSl lo[EI@=T (1]
First flight POC: josef.kallo@dIr.de L

nae
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