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A Hydrogen Europe

Key messages

U Hydrogen, as a clean, safe and versatile energy carrier, is part of the energy transition and is key to
enable the renewable energy system and to decarbonize end uses. Hydrogen is the only zero-emission
energy carrier with electrons.

U Hydrogen technologies are mature and have significant potential across all applications, in particular when
looking for high payload, high autonomy and flexibility.

U Hydrogen is fully part of the European strategy for a climate neutral Europe by 2050

 Horizon Europe mentions research on Hydrogen and Fuel Cells
 Hydrogen energy is one of the European strategic value chain

U Hydrogen & Fuel Cells are today!
An international momentum worlwide with a strong position in Asia (Japan, South Korea and now China)
but a strong European Public-Private Partnership with close collaboration between Industry (Hydrogen
Europe Industry) and Research (Hydrogen Europe Research) has a fundamental role to develop
technological research, to maintain European competitiveness and to bring products to market readiness.
The close collaboration between research and industry is the basis of the European strength in the
Hydrogen and Fuel Cell sector.

U Aglobal collaborative approach of policy makers, investors and industry is needed today to enable the
full potential of hydrogen in the energy transition.

U Industry/Chemical sector can be an important costumer of the hydrogen sector for decarbonizing its
Il ndustr Yy oOwWIi n g .o “cl]l ean’” h Yy dr o gen Laurent Antoni, Antwerp, June 27, 2019 3



m Hydrogen Europe

Research




Key figures of Hydrogen

e One of the most abundant element on Earth

e Non polluting, non toxic
» ODE

Density (gaseous)

0.089 kg/m?® (0°C, 1 bar)

1/10 of natural gas

Density (liquid)

70.79 kg/m?3 (-253°C, 1 bar)

1/6 of natural gas

Boiling point

-252.76°C (1 bar)

90°C below LNG

Energy per unit of mass (LHV) 120.1 MJ/kg 3x that of gasoline
Energy density (ambient cond., LHV) 0.01 MJ/L 1/3 of natural gas
Specific energy (liquefied, LHV) 8.5 MJ/L 1/3 of LNG

Flame velocity 346 cm/s 8x methane
Ignition range 4-77% in air by volume 6Xx wider than methane
Auto ignition temperature 585°C 220°C for gasoline
Ignition energy 0.02 MJ 1/10 of methane
Explosion energy (kg TNT/m3) 2,02 7,3 for NG
Blast overpressure (bar) 14,7 16,8 for NG
Diffusion Coefficient (cm?/s) 0,61 0,16 for NG
Blast speed (m/s) 2000 1800 for NG

A Hydrogen Europe
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Key figures of Hydrogen

50 Velumetric energy density MJ/I

40
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Gravimetric energy density in MJ/kg
0.1 €/MJ 15 € /100 km
0.08 12
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e 1 kg of hydrogen (33 kWh) : e
£ 100 km drive for a medium passenger car Lt =
e 1 to 2 days of energy for a house (without heating) 0.02 3 .
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Currentusage ohydrogen (3 Huirogen eurore

Around 70 MtH,/ yr is used today in pure form, mostly for oil refining and ammonia manufacture for fertilisers
A further 45 MtH, is used in industry without prior separation from other gases.

c 80 Not new!
3
'E ?D s l 1 ]
= s :
S 60 S
g !
c 50 o[- ‘
g | :
5 o ‘
= 3 T
20 Former urban gas contained almost 50% H2
10 v H,:48%
e B . CH,:36%
D L]
1975 1980 1985 1990 1995 2005 2010 2015  2018e + CO:8%
r . 0
M Refining Ammaonia Other pure B Methanol DRI Other mixed COy:5%

Source: IEA 2019
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Research

Processefor producinghydrogen (o Eurore

lear —
e Renewable e

hydrogen is

duce d from PRIMARY ENERGY SECOMDARY ENERGY CONVERSION INTERMEDIARY PRODUCT FINAL EMERGY CARRIER
pro Solar, Wind
renewable energy o

I8
sources as per oY 4w
sunlight
* Low -carbon : ﬁ}‘ BIOCHEMICAL ' HYDROGEN
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decarbonlsed Biomass E;E:::ﬂ
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sources with an IS SORNERSIEN
ambitious minimum SMR

. . . am methane refarmin
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Coal ATR
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WaterElectrolysis (3 Huirogen eurore

Alkaline electrolyser PEM electrolyser SOEC electrolyser

Electrical efficiency (%,LHV) 63-70 65-71 70-80 56-60 63-68 67-74 74-81 77-84 77-90
st Hai) 4853 4751 4248  56-60  49-53 4550  41-45 40-42 37-43
Operating pressure (bar) 1-30 30—80 1
L B -
W Oy 3 OH- H, 650
.._@. Operating temperature (°C)  60—-80 50-80 _
1000
Stack lifetime 100 — 100 —
*e (operating khours) 60-90 90-100 150 30-90 60 - 90 150 10-30 40 - 60 75 -100

Load range (%, relative to

3 OH — 3 H.O 476 — nominal |Oad) 10-110 0-160 20-100

H/O + 140, + 28" Hy + 2 OH-
g 0.095 0.048
CAPEX 500 400 200 1100 650 200 2800 800 500
(USIeE) 1400 850 700 1800 1500 900 5600 2800 1000

Source: |IEA 2019
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WaterElectrolysis
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SOEC interesting:

- Better efficiency
- Less sensitive to the price of electricity (but higher cost for initial investment)
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WaterElectrolysis Q’ Hydrogen Europe

Researcn

Development of electrolyser capacity additions for energy Electrolyser Demo Projects
purposes and their average unit size, 1990-2019
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MSOEC WPEM mAlkaline e Number of projects
Source: |IEA 2019 . . .
Steel industry Refineries Food
industry
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Societal demand ﬁ\v Hydrogen Europe
" G i | :

/ < ——

Jobs

8 Technology leadership
.

Health

zero-emission mobility

Energy availability
Grids stability
Massive energy production

TSN (] |
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The role of hydrogen in our society & economy Q Hydrogen Burope

Hydrogen allows more renewables in the energy system through storage and enables sectoral integratio

(1) STORAGE (seasonal) (2) SECTORAL INTEGRATION

i i 2 Transport_
HE Transport

Feedstock
Ao

Electrolyser o M— T

Y momox
TRETIY Heating & Cooling o
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The energy transition creates multipleallenges Q,Hydfoseri Europe

« Decarbonise » end uses

\

Enable the renewable energy system

Some energy uses are

through the grid or

Increasing renewables with batteries:

share leads to
Imbalances of power

Infrastructure needs to
go through major

transformation  Longrange

supply & demand transport
* Energy intensive
industry
» Part of residential
heating

Carbon needs to be
reused to decarbonize
feedstock

The supplement
comes essentially
from fossil fuels

Hydrogen Council, 2017
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f’l- Hydrogen Europe

The energy transition creates multiple challenges

Enable the renewable energy system » Decarbonise end uses

Decarbonize

Enable large-scale Distribute - :
renewables energy across |’_:_:? transportation
integration and sectors and

- regions .
SRR | Decarbonize industry

energy use
Help decarbonize
Act as a bufferto

increase system
resilience

Serve as renewable
feedstock

Hydrogen Council, 2017
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1st guarantees of origin for green hydrogen about to hit the markgtv Hydrogen Europe

Important for member states to implement these Guarantees of Origin in their national legislation

\Zé CertifHy

http://www.certifhy.eu/

HifHy

Main objectives:

st Green Hydrogen Guarantee of
Origins are available soon
by CertifHy Pioneers:

To define a widely acceptable definition of green H,
Design a robust GoO scheme for green hydrogen
Propose roadmap to implement the initiative in EU
Establish a stakeholder platform

Real trial in 4 pilot operations for a guarantee of origin
scheme for green and low carbon H,

'~ AIR LIQUIDE Mn”’g”; )/ & COLRUYT upnér

AkzoNobel

Project Coordinator Consortium Partners

H ECN grexel ®

« Renewable hydrogen Is produced from renewable energy sources as per REDII

e Low -carbon and/or decarbonised hydrogen is produced from non-renewable energy
sources with an ambitious minimum emission reduction threshold with a degressive factor

 Synthetic methane Iis a methane gas produced from renewable hydrogen and CO ,.
Laurent Antoni, Antwerp, June 27, 2019 17



Representative sample of projects per geography (selected........ ..o
from a broader list of existing hydrogen flagship projects™ -

o o Foreseen CO, abatement
Iy Production "*“63 Distribution g:},. Storage of project at scale (Mt)

w Mobility

by o9 0 £
S . o & o= oS0
&."f_ﬁ' - Building heating 7 Northern Lights [* “Hybrit - steel —3
: ' H2 power plant CO2 transportation & CO2 free
4% Power generation > ¥ 28 warrenras o Storegs
@ . e ¥ A m: SLKAB
i ”‘* - I
{:3’ Feedstock 4@ @
HyNet & H21
Heating UK AT
e o
4 — rains
~ S ALSTOM
P O e et . s HONDA

DTG Nippon Ol & Energy

s
/’,_.—— !m" '@_ &Others

1

= Q?HZ FC Trucks

L

TOYOTA
o 0 © chain g g Kawasaki
L] KENWORTH] S
& Others /_/ &“O:u ey o=
. ers > .
Centurion —Cavern ‘ H2 FC Trucks ‘7 —? A
- energy flexibility fleet = o
Coders  MCVID ' ® B & Others Green H2 prod
storency &Others ‘ N TN % for ammonia
cl? = &!‘ & Others
Hydrogen Council, 2018
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Hydrogen: Sector coupling & sectoral integration @ Hydrogen Europe
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Energy intensive industries are discovering the potential ¢ 1iydrogen curope
%

of Hydrogen (1/5)

Overview of low-CO2 technology potential for the sub-value chains

Electrification Electrification | Hydrogen Biomass Other alternatives
(heat/ (processes) (heat / (heat/feed- (only with high

mechanical) process) stock/biofuels) potential)

medium high high possible high  Avoidance of
internmediate process
steps & recycling
process gases,
recycling high quality

steel
Chemicals high high high high High use of waste streams
fertilizers * (chemical recycling)

high  Alternative binders,
efficient use of
cement, use of waste
streams

- possible high

Source: Wyns T, Khandekar G, Robson I.(VUB) Industrial Value Chain. A Bridge Towards a Carbon Neutral Europe.; 2018
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Energy intensive industries are discovering the potential ¢ 1iydrogen curope
of Hydrogen (2/5) s |

Thanks to FCH-JU research projects the costs of electrolysers decreased and became
Interesting for energy intensive industries to invest

AUSTRIA

P00 -

steclmaker
SRS Voeslalpin Lo
BN st coaldree
blast furmace

-

SO 2 it By -
6 MW electrolyserat VOESTALPINE (steelplant)in Linz
A ThegreenH,is producedrom hydro-electricity (fromAlps)
A It is usedto producesteelin this way the industrycanmakea
first steptowardsCLEAN STEEL

3.4MW electrolysemat MPREIS(bakeryplant)in Vols

A ThegreenH,is producedrom hydro-electricity (fromAlps)
A 1stphaseit is usedto heatthe ovensto bakethe bread

A 2ndphasedistributionby usingH,trucks

DURATION: 2017%2022;project7.74M u(2.93M U by FCH-JU) DURATION: 2017-2021;projectl8Mu  ( 1 &y FQWIU)

https:/iwww.demo4qrid.eu/ https:/ivww.h2futureproject.eu/
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Energy intensive industries are discovering the potential (R Hydrogen Europe
of Hydrogen (3/5)

2020 + 2040 + 2050 +

SAK:OS‘; <—— MACOR >< Pilot phase >€ Completlon

SAzgitter Low Max e s ! _.__ e‘ ! N
CQ Steelmaking ﬂ b &
% N\ /RN~ 780, CfS”’) (s2) <ssa)
— c ¢
— Fraunhofer 5 @, K N
&0 . 66 666!
ﬁ SALZGITTERAG p
> - _
< o
i i '.' E\
=
~ 500 5
09, o 8
& €
I-OL % Coe
m
&6 66 &
Status Quo Stage la and 1b Stage 3a Stage 3b

*MACOR: Feasibility study for SALCOS Laurent Antoni, Antwerp, June 27, 2019 22



Energy intensive industries are discovering the potential @ nydrogen europe
of Hydrogen (4/5) O

Thanks to FCH-JU research projects, the costs of electrolysers decreased and became _

Interesting for energy intensive industries to invest Yo «f
| GERMANY

Grey
Hydrogen

Natural Gas

Foss |I Staam
aNEgy refarmer Grey

Rengwasle

l ~
Elecliofysis Erany soure
—’/J Electricity
Renewable L
BTNy 0L Fermentation .

9,1 g CO,MJ*

¥
i
]
[

\ Cerificats Certificata /

,
'J
-
=P
-

SourceUniper

10 MW electrolyseratSHELL in KéIn iy
A ThegreenH,is producedrom curtailedwind energydue ‘ | {
to a full electricitygrid.

A TheproducedH,will beinjectedin the naturalgasgrid
(partof it canbeusedfor Shellinternalprocesses b
S P

DURATION: 20182022;projectl6 Mu (1 iy FQWHIU)

(Websiteunderpreparation)
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Energy intensive industries are discovering the potential @™ nydrogen Europe
of Hydrogen (5/5) W

Thanks to FCH-JU research projects, the costs of electrolysers decreased and became _
interesting for energy intensive industries to invest s

GERMANY

SALZGITTER
‘ J FLACHSTAHL

50/30kWReverS|bIeeIectroI ser aIz itter
A Tooperatea high-temperatureElectrolyserasreversible
generato(rSOC,reversibleSolid Oxide Cell) in the industrial

environmenf anintegratedron andsteelwork.
A Thesystemis flexible to produceeitherH,or electricity.
DURATION: 2016-2019;project4.5 M u(100%by FCHJU)

(http://www.greenindustriathydrogen.com/home/
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http://www.green-industrial-hydrogen.com/home/)

FCH technologies are technologically mature for different
applications, but most of them are in the “death valley”

Capital requirement x technology ris§

g Technological maturity curve of hydrogen-related technologies

COMMERCIAL MATURITY CURVE OF INTEGRATED HYDROGEN PROJECTS

Fuel cells (low temp. for mobility or stationary) ‘ Legend
Fuel cells (HT large-scale stationary) i @ Hydrogen production
i Q Hydrogen handling

| @ Hydrogen conversion

Steam water electrolysis (HT PEM)

ethane and methanol synthesis from CO , Water electrolysis (PEM)

HENG fed into natural gas network

Gas turbines for H; rich fuels

(depleted oil & gas fields or aquifers) iquefaction plant & cryogenic tank

Geological storage in salt caverns

Compressors, H, refueling pumps &

. : ompressed tanks
Water alkaline electrolysis

» production from solarradiation

- Various use of H, inrefineries?
H, production from heat .

Ammonia synthesis
H, pipelines

Road transport of H, tanks
(compressed or cryogenic)

Pilot- .
Labk Bench e Commercial-scale process Commercial scale, proved,
wor scale proved, with optimization widely deployed,
work in progress with limited optimization potential

»
»

Research Development Demonstration Deployment Mature

technology Msturiy

_| e L‘ @n Source: Areva, SBC Energy Institute analysis. A
WER

p.23 AREVA

HYDROGEN FPOWE

ﬂ Hydrogen Europe
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Hydrogen: a central pillar of the required energy transitigg, ™" “

Objectives of the studies

= Comprehensive quantified vision and roadmap for deployment
= Not a forecast, but an ambitious yet realistic scenario

"Answers t he qgue sydrogemcontributetw achewing the two degree scenario? ”

Hydrogen
=t X HYDROGEN
' Q ".QQC ROADMAP
.‘ EUROPE

Hydrogen
o ol Y
World Europe

November 2017 March 2019
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Hydrogen: a central pillar of the required energy transiticg) "
Estimated impact in 2050

Potential global energy demand
supplied with hydrogen, Exajoule (EJ)

}

& 18% b »
of final energy > ‘Mm

\ demand
.= oGt

30
annual CO;

— million jobs y
' abatement 3 created I
4 16 % Industrial
iy L 4 %*- energy
5 'z N ol R T d ¥
i

11

78

e

B

$2500 bn

annual sales
(hydrogen and
equipment?)

Transportation

- -
- =

14 9

8 | 10 = _— 7 @
2015 20 30 40 2050
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Hydrogen: a central pillar of the required energy transitidg " “

Estimated impact in 2050
The technologies exist and are ready to be deployed

Startof _ Mass market

commercialization : ‘acceptability1

"‘;_J In renewables-constrained countries
= In other countries

Trans. B[E A Forkiifts
=%/ portation =

Sy A Medium and large cars
A City buses

ﬁ A Vans

@!@ A Trucks

B A Smallcars

Synfuel for freight

Trams and railways E . .
ships and airplanes
A, BB . Minibuses P3 i
L= e Ll ’
Passenger ships -— A — ° A
- r’-% Industrial Medium-/low industry heat
wl®7 energy High-grade industry heat
nl ?‘-‘Q'I Blended hydrogen heating
"”:"-J“ Pure hydrogen heating
.1.: g Refining Production of methanol, olefins and BTX using H, and captured carbon?
AT Ammonia, methanol Steel?
. . : Decarbonization of feedstock* . . n
Today 2020 25 30 35 40 2045

1 Mass market acceptability defined as sales >1% within segment in priority markets

3 DRI with green H,, iron reduction in blast furnaces and other low-carbon steel
making processes using H2

SOURCE: Hydrogen Council

2 Market share refers to the amount of production that uses hydrogen and captured carbon to
replace feedstock

4 Market share refers to the amount of feedstock that is produced from low-carbon sources

Laurent Antoni, Antwerp, June 27, 2019

30



Hydrogen: a central pillar of the required energy transitid "o

Investments of $280bn until 2030 build $140bn+ annual market

Decarbonize end uses — Total

End-uses in transportation, industry
energy, buildings and feedstock

Investment
potential 110 80 90+
2018-30

Annual l_@ ,ﬁ",]:
revenues 40 30 70+
20301

&'y
el

1 Excluding existing feedstock uses, considering only hydrogen value-added

The world already invests more than US$1.7 trillion in energy each year, including US$650 billion in oil ar
gas, US$300 hillion in renewable electricity, and more than US$300 billion in the automotive industry

Laurent Antoni, Antwerp, June 27, 2019 31



Hydrogen: a central pillar of the required energy transitigg, ™" “

The case for acting now: Large-scale deployment initiatives underpinned by long-term
policy frameworks to attract investors

Industry
Accelerate Finance infrastructure
development and and value chain
Urgency to initiate scale-up to commercialization of development for large-
meet climate change targets —l products and build-out scale deployment

infrastructure to support
large-scale deployment

Hydrogen technology proven in a
wide range of applications )

Momentum in the industry —

Hydrogen Council is established — Collaborate with industry
to build national strategies
and roadmaps and put in
place long- term policy
frameworks

Laurent Antoni, Antwerp, June 27, 2019 32



Besides C{abatement, deployment of the TN Hydrogen Europe
hydrogen roadmap also cuts local emissions, e
creates new markets and secures sustainable

employment in EU

=™ Hydrogen o («1ITM GaSuHe HYDROGENICS ~ SALZCTTERAG N e[ J
w Europe : AT TOYOTA equinoe
¥ D BMW Group
°p ©.Solid Power S MICHELIN @ o enagas b d m
PLASTIC OMNIUM s A Arlig:k = a neiiam TorAaL Ver u n ::rr“-::rl.ﬁ:l;u:h:ﬂ

O O O

. Z IATAY

~24% ~560 Mt ~EUR 820bn ~5.4m

of final energy annual CO, annual revenue reduction of local jobs (hydrogen,
demand? abatement? (hydrogen and emissions (NO,) equipment, supplier
equipment) relative to road transport industries)?

1 Including feedstock 2 Compared to the reference technology scenario 3 Excluding indirect effects

SOURCE: Hydrogen Roadmap Europe team https://fch.europa.eu/sites/default/filesitydrdgendo20Readmap20ELrohe Repodt.pdf



https://fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf

ﬁ Hydrogen Europe

World and Europe
Market vision by 203 2050
State ofPlay

l. Industry
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Hydrogen Council members have started investing ar]d tyogen Eue
deploying o

MEMBERSHIP QUADRUPLED IN 18 MONTHS — CLEAR MOMENTUM

w AIRBUS (. ' PRODUé"Ig ’,i' ALSTOM @ AngloAmerican m EM&JP

Hydrogen Airliquide
Council
Steering
. o — 5P
) BOSCH @REEIFMED - § . s
members ‘ ainon o e @ CHN ENERGY h DAIMLER : :EDF CNGIC equinor
‘Faurecia m @ HONDA @& HvunoAl Iwatani JN/ Johnson Matthey
st hkopuc Great Wall
JXTG Nippon Oil & Energy B <€ Kawasaki THE LINDE GROUP
KOGAS AN Y
) sinoPEC (D TQL TOYOTA  WEICHAI
thyssenkrupp
Supporting Arccoo, BALLARD  Fober  [arEr O i R "'dz__,,“ A Mitsibishi Corporation. 4, MITSUBISHS
members "
s mels oSHSE  UARE Mo mEmcc o st cennes L)
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Hydrogen EUROPE Industry and research (200+ meml@é)d“’gm urope
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ﬂ Hydrogen Europe

World and Europe
Market vision by 203 2050
State ofPlay

|l. Public authorities
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A Hydrogen Europe

Hydrogen is on the international political agendas

G20 Ministerial Meeting on Energy Transitions and Global Environment for Sustainable Growth

52? June 15-16, 2019, Karuizawa, Japan
2019 The importance of hydrogen will be referred in the Communique and Action Plan.
JAPAN * |t will be the first time to be mentioned on hydrogen in G20 Ministerial Communigque.

* Hydrogen Report released at G20 by IEA

P e Y CEM -New Hydrogen Initiative
CEMIO/MI-4 May 27-29, 2019, Vancouver, Canada
Objective: Advance policies, programs and projects to accelerate commercial scale deployment of
NN TIATIVE hydrogen and fuel cell technologies across all sectors of the economy

AH IHITIATVE OF THE CLEAM EHERGT HINISTEA &L

"\ MISSION MISSION - INNOVATION - Innovative Challenges 8 « Renewable and Clean Hydrogen Challenge”
KMI
.7 INNOVATION  May 27-29, 2019, Vancouver, Canada
Objective: To accelerate the development of a global hydrogen market by identifying and overcoming
key technology barriers to the production, distribution, storage, and use of hydrogen at gigawatt scale

Hyarogen Energy ministeriz1 meeting — HEM - Hydrogen Energy Ministerial Meeting 2019

E:-EM September 25, 2019, Tokyo, Japan
Obj ecti ve: Foll ow up “Tokyo Statement” to reali ze
goal.
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A Hydrogen Europe

Hydrogen is on the international political agendas &

The time is right to tap into hydrogen’s potential to play a key role in a clean, secure and
affordable energy future.
The IEA’s 7 key recommendations to scale up hydrogen

Thé Eitiire oFf 1.Establish arole for hydrogen in long-term energy strategies.

Hydrogen 2. Stimulate commercial demand for clean hydrogen.

Seizing today’s opportunities

3.Address investment risks of first-movers.

4. Support R&D to bring down costs. Alongside cost reductions from economies of s¢a&D
Is crucial to lower costs and improve performance, including for fuel ¢tsitbpgen based fueland
electrolysers Governmeniactions, including use of public funds, are critical in settingrdsearch
agenda taking risks and attracting private capital for innovation.

5. Eliminate unnecessary regulatory barriers and harmonise standards.
6. Engage internationally and track progress.

{.Focus on four key opportunities to further increase momentum over the next

decade.
* Make the most of existing industrial ports to turn them into hubs for lower-cost, lower-carbon hydrogen.

e Use existing gas infrastructure to spur new clean hydrogen supplies.
e Support transport fleets, freight and corridors to make fuel-cell vehicles more competitive.
* Establish the first shipping routes to kick-start the international hydrogen trade.




ﬁ Hydrogen Europe

Hydrogen: Internationalrganizations & o

IPHE

Govt.-to-Govt.
* Share information on programs, « Regional Studies
= Technical Studies initiatives and policies « Business Cases
« Assessments of R&D Needs * Education & Outreach, and Regulation, . market Potential Assessments

- TBD i Codes and Standards Working Groups . . TBD
= Infrastructure Workshops

Govt. + Investors Industry-to-Industry

Proposed IPHE

= Renewable hydrogen production R&D . « Studies
- Hydrogen end use Collaborations . ...
= Enabling R&D » Value proposition

TBD

Researcher level collaboration

* Internal to TCP partners

= Project specific

= Limited distribution/finformation
sharing (within TCP)

Note: H, production task ending
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u m rogen curope
Hydrogenmany national hydrogen plans e

International governmental partnership with of 19 member countries and the European Commission

The International Partnership for
Hydrogen and Fuel Cells In the Economy

= 7 Top g ﬁ §
i g g el -,
2 Rl Enabling the global adoption of lydrogen and fuel calls in the econamy Prioritles
: SHARE INFORM FUTURE FOSTER
criational Partnershi Member Countries INFORMATION GOVERNMENTRDAD |  COLLABORATION
far Hydrogen and Fuel Cells

[nternational Partncership
y IPHE has 20 members (19 countries and the European Commission): Australts,
intha Economy Husirta, Brazil, Canads, China Costa Rica, EU Commizsion, France, Ganmany,
Iceland, India, Faly, Japan, Republic of Ko, Republic of South Ainca, Nether-
lanits, Manay, Russian Rederation, Usfled Kingdom, and Lnitad 5tates.

1000000
—_
4
- i STATIONS
[
\/

— E'-
B e b countres .l 2030 Viehicles & Stations Gaal

Unlted

Netherlands

Kingdom

E —
YEHICLES
1l

Fra nce }.i'»\ﬁﬂ""“ ny

n.mu y
H4H Global Reach!
ro
[ r )
e ool _a Nearly 250,000

e muu[:-h:.l;ums 51 Bllllon 650 MW? Fesidential back up
200 and GOP 15 |5 irnsestesd anmually m::ﬁ':s'pg:;‘m power fuel cells ar
Hydmgen stations Feprevened by IPHE e A woridwids in 2017 opmrating workdeide

are opan wonkdwide mambar countrias LD

v "

»

2050 Potentlal Impact? $2.5 Trillien 30 Million 18% 6 Gigatonnes
ANNUAL REVENUE JoES TOTAL ENERGY DEMAND | CO; EMISSIONS PREVENTED

{\PHE oy UpdeiEs 115, Degartmer of Energy, EAect 2006 * Ry Seaing . Fydiagen Cousch, 2017 Laurent Antoni, Antwerp, June 27, 2019 41



ﬁ Hydrogen Europe

ABSEAarcn

European Union’s targets for climate & energy

.20 % 20% 20 %
2020 GHG Rene w able Energy
Emissions Energy Efficie ncy
3 0 - 0
5030 032 % 032,%

Rene w abl e* Energy
Energy Eff icienc y*

-80to 95%
2050 GHG Emissions

CLIMATE NEUTRAL
EUROPE

(-100%7?)

f |
« —
COP21- CMP11 S

*targets revised upwards in 2018 PARIS 2015 sru2050 s e
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ﬂ Hydrogen Europe

Research

EU strategy for a climate neutral Europe by 2050

Detailed assessment supported by scenario analysis

CLIMATE NEUTRAL

Cireular 1.s'c ,_“
Electrification Power-to-X Eﬂidency
(ELEC) (P2X) ({33] (C!RC) (COMBO) (l STECH) (1 SLIFE)
E-fuels in Increased Cost-efficient Basedon
T Electrification in industry m’:’“‘:ﬂ":k‘" resourceand  combination of cg:/:; s COMBO and
European all sectors transport and In?lll sxmmv material options from 2°C BECCS, CCS CIRC with
Commission > buildings efficiency scenarios : lifestyle changes
GHG target 86 GHG (excluding sinks) -90% GHG (incl. -100% GHG (incl, sinks)
~ ~ i ',’. In 2050 Il below 2°C* ambition] sinks) [“1.5°C" ambition)
stl2oo -
* Higher ene| | | * Market coordination for infrastructure deployment
Major Common « Deployme , advllinced biofuels * BECCS present only post-2050 in 2°C scenarios
November 2018 Assumptions = Moderate ( bures = Significant learming by doing for low carbon technologies
= Digitilisatid = Significantimprovements in the efficiency of the transport system.
P ssctor nearly decarbonised by 2050. Strong penetration of RES facilitated by system optimization
(demand-side erconnections, role of prosumers). Nuclear still plays a role in the power sector and CCS deployment faces limitations.
. . Higherrecycling
A The Commi ssion favour s M| domadt] i | seoesmsin Redcmaers e, mteil CIRCACOMBO
processes St Shieted germnd e substitution, Combination of oais !
neu t r a Uy |2G5®’ ) (‘) applications applications Energy Efficiency SRS measaes AR
Increased Increased efficient options
Buildings depl o of Depl ovmeng of Deployment gl OB eatay Sustalpable from “well below COMBO but CIRC+COMBO
o l'pumps H2 for heating e-gas for heating NN buildings 2°C" scenarios stronger but stronger
~ o o with targeted
A [ The}ole of hydrogen is likely Faster iz dagioiment il application * CIRC+COMBO
i i S o electrification for for HDVs and depl for Increased Mobimy asa (excluding CIRC) but stronger
to become more prominent in a '“m:“ some for LOVs all modes modal shit Sece ‘:":‘""’""“ 0
fully decarbonised energy system mony Umited  Dietary charges
z Y Other Drivers d m‘bmig idll @i u?but it d enhancement = Enhancement
[ e ] o . 2 on g > b natural sink natural sink

A [ éBU research  should focus on transformational carbon -neutral solutions in areas such as electrification

(renewables, smart networks and  batteries), hydrogen and fuelcells , energy storage, carbon - neutral
MWWMUL the circular economy, the bio-economy and sustainable

intensification  of agriculture and forestry [ €] o
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The European “Hydrogen Initiative” S e Surope

European
Commission

T,

UK and Sweden have not signed as EU M/S

A €] We, the signatories of this initiative, gathered in Linz, Austria, on the 17t% and 18t of September
2018 , collectively aim to maximise the great potentials of sustainable hydrogen technology
for the decarbonisation of multiple sectors, the energy system and for the long-term energy security of

the EU.
[é] Furthermore , we encourage third countries and industry to join our efforts set out in this
declaration to promote worldwide supporting framework for sustainable hydrogen technology [€é].0
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Research has still a major role to play (T Hyirogen Europe

Decrease products, systems and services costs

e Improve durability & performances

» Scale up manufacturing at industrial level

* Prepare the next generation through technological breakthroughs

* Provide case studies for safety and regulations

>  Educate and train to ensure a highly qualified workforce
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a European R&D community in FCH technologies L Hvirosen Europe

73 members from 20 members states
Virtual Competence Centres in European FCH R&D

. A? « b '
"""""""" P e — B Lo
Aee O 8 eeo o MW -5 ,
s DVGW {_
GERG ) _:U..w: Q—i '_?v‘;_‘_ Mer du Nord &
€ S
@ IREC? %0uck
‘ Le 4 .
) e — My J
‘ . -
_' f"“” ; abanc 2 P\ o > ‘-\3
Universites A = ) o4
N g [
(V3 5 -
[y v ' - - Af =
UPV EHU b y o = L2
o (’*\ ‘é.l" A Lo z mbonne < » /
i \1\2;\/# '). 5 i ‘ ) DORT\.GAL ;

In close collaboration with the industry association and establishing together with the European
Commission common objectives leading to a competitive Europe in Fuel Cells and Hydrogen
technologies.
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Draft Council conclusions on the Future of Energy ¢ Hycrogen Europe
Systems in the Energy Union gl

Council of the EU | Pressrelease | 25/06/2019 | 13:25

Council outlines principles and priorities for the
European Council future of energy systems in the Energy Union

Council of the European Union
The Council today adopted a set of conclusions on the future of energy systems in the Energy Union. They identify priorities

and principles for future policy-making aimed at ensuring the energy transition towards an affordable, safe, competitive,
secure and sustainable energy system.

Y CALLS on the European Commission to:
Y Promote sector coupling and sector integration

Y Analyse sector coupling and sector integration technologies, including the production of hydrogen, in
particular with regards to regulatory and market barriers and based on this analysis explore possible initiatives
to improve the functioning and integration of electricity and gas markets regarding the deployment of
such technologies and energy carriers.

Y Reflect the efforts required to reach the EU energy and climate targets for 2030 in the context of any
revision of the EU State aid rules which may be carried out as a result of the fitness check.

 Hydrogen energy has been selected as one of the European critical value chain A IPCEI
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ﬂ Hydrogen Europe

World and Europe
Market vision by 203 2050
State ofPlay

lll. EuropearPublicc Private Partnership
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ﬂ Hydrogen Europe

Strong public-private partnership with a focused objective s = ...

A combined private-public of 1.73 billion Euros has been invested to bring

- research to validation and field demonstration
- products to market readiness by 2020

FUEL CELLS AND HYDROGEN JOINT UNDERTAKING

(ﬁ Hydrogen
v Europe

Industrygrouping Carewanm Researclgrouping
>130members 73 members

SOV 244projects
supported

0 @ 9— {o]]

Energy ~ Transport  Crosscutting 893MU
H,production  Roadvehicles standardssafety,
anddistribution Non-roadvehicles eqycationconsume
H,storage Refuelinginfra awareness
F/Cfor CHP Maritime, railand
aviationapplications

Similar leverageof othersourcesof funding:892Mu

“ &
r"’-ﬂul o e

47%

418 million euros
135projects

AA

376 million euros

65 projects

6% OC
53 million euros
40 projects

46 million euros
4 projects
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f’l- Hydrogen Europe

Start-ups and SMEs benefit from FCH-JU research projects

“® MAHYTEC  bopit E ()

-y iﬁ{* Vg A4
_'Ell::D en Components 9
- p OPTIMUM PV

Sylfenld
(o) ITM POWER

orage | Clean Fuel

‘l sunfire

25% Start-ups Energy
and SME

beneficiaries
in FCH JU

‘.
\
@ POWERCELL
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Renewable H, production
and industry




Electrolysis for energy storage and greening of industry (‘.,H"d“’%’_""f‘f““"“’e

The potential of hydrogen for the greening of energy intensive industries (Ell) has led
to fast capacity increase and cost reduction. _ S

2,

2 &
lI II II : @ ormueer

Steelindustry Refinerie~oodindustry
Electrolysers, M€ FCH JU support 225

ElectrolyseDemoProjects

0 ;20
| 15 s
=
10 <
E =
- 2
| = =
—_— =]

2011 2014 2016 2017 2018

31 projects .
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Research for electrolysis

Active community of OEMs and R&D institutions safeguarding E u r o fpeading _ ECH

position in electrolysis

Low temperature electrolysis

Dynamicop / TestingHarmo/
Degradation/ Diagnostics

ﬂ Hydrogen Europe

Research

s
F

%, -
IQ”'YMA o f"'&

High temperature electrolysis

@ Electricity consumption < 40 kWh/kg @

Production loss rate < 1.9%/1000h

Avalilability >95%, reversible efficiency 54‘&

Coelectrolysis / Integratedmethanation Q
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ﬂ 2 Hydrogen Europe

Research
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Development of new generation of stacks and tanks

EUFCHJUTARGETLINE

Materialskeyto MEA to

@ Reducecosts

Improve durabilityand

1.5

performance
mprove Scalablilityo
catalystproduction

0.08 (o5

SOA
2017

ASinceZOlleﬁortsto reduce/replacBGM
AQ projects/u 41.5Million funding

A -80%pt loadingbetweer2008and2017

a) 4 projectsongoing/u 17 Million funding
b) Nextmilestone-43%Ptby 2020
c) Projectsworkingonreplacemenof PGM

TARGETS !

Hydrogen Europe

Research

~
-

¥, 2
"wmm'n > ol

European automotive stack

T 2B 219 M0 021 202@ M@3 1034 205 MO Mp? QB ME 2030 1031 2032

Demonstration projects Gen?

! . ol Tramsher
g alimisines L imed™ Tramshe

PO 00 . e

Establish a EU supply chain for a fuel cell stack

Automotive tanks

- Reducectostby 5t3 , 0 0 O
- 20% reduced mass by design g
- Useof robots to produce
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Simultaneously roll-out of vehicles and infrastructure ™ Hydrogen Europe
in Europe T

Europe supports FC vehicles and Hydrogen Refuelling Stations thanks to EU
programs (FCH-JU & CEF) & national programs. B (e

Fuelcellvehicles(2018

i,

= 625 cars deployed, 1900 planned

Planned

s Deployed 1 g q ‘q e
[ ] » - s "
- ”~» B L
2.4 "9? 9'__, :
- " ne _
w ot i i
¢ " P S8
[} : n
; TLEL,
batth :::?' ‘ﬂ';ll!l ‘!;‘:‘.’.’ﬂ ?‘W;‘

)8 Rated consumption < 0.90 kg/100km
W8 Availability close to 100%

AEUOE M&malld e mo 60 s mas2plodustion2025-

)3 Permitting down from 24 to 18 months

W Availability >99% (buses), >97% (cars)

A Europearfier 1 stronglyengaged
A FIA: In 2024a H2C|8.SS@ LeMans Laurent Antoni, Antwerp, June 27, 2019 56




Roll-out of FC buses accelerates & FC Trucks are .
starting to appear

Europe is supporting 360 Hydrogen buses deployment that lead to a price reduction of

66% vs 2010 while worldwide there is a clear traction towards Hydrogen for trucks due to
the limited range of batteries.

es deblosmestpsomilie REVIVE: H2 Garbage VDLTCOLRUYT regm ASKO-SCANIA
N trucksin 8 EUcities e AR

Hydrogen Europe

Bys
. t )
® =

o
(

Hyundai signs deal to sell 1,000 hydrogen-
powered trucks in Switzerland g

10 EuropearD E M @&re
developingH,buses:

Nicola Truck Toyota Truck@LA port Toyota & 7-elevenpartnering
Achieved Average availability FCHJUstartedwith FuelCellsin trucksfor A P Ulduswas
- >6,000,00km drivensinceprojectsstarted 90% found to expensive, therefoe focus shifted to
>92t of H,consumednly in 2017 developing and testingtrucks with rangeextendersor
>25,000h lifetimereached . fuel cellonly e.g.:garbagdrucksin cities

625,0000 / bofiesed
Fromorderto operation18mdeliverytime
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http://www.fuelcellbuses.eu/

Rail, Aviation and Maritime are discovering Hydrogen M Hydrogen Europe
and Fuel Cells |

The first business models are appearing in hard to abate sectors

»
X ol

A 42%of EUrailway notelectrified A In 2016first 4-seateplanepropelle( A Firstdemoprojectsappear

A FRIETEGTeE FElitne by H,took off from Bonnairport | A H,neededo reachiMO targetof
investmentvsfull electrictrain A Developmenbf H,poweredsmall 50%C0, reductionby 2050
(catenaryl Mu/ km) businesgets ongoing~2030 A URGENTneedfor regulatiorto

A Sept.6 1lcBmmerciabperation A Auxiliary power (infotainment/ homologatea H,poweredhip
startsin GermanyOtherEU galleys producedy H.,for big A R&D needede.g.LH,storage,
countriesareontheway airplanes (maideflight in 2019) MW scaleFuelCells

Study on the use of fuel cells and hydrogen in the railway envirorirasjist beenreleased

https://fch.europa.eu/publications/study-use-fuel-cells-and-hydrogen-railway-environment
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https://fch.europa.eu/publications/study-use-fuel-cells-and-hydrogen-railway-environment

ﬂ Hydrogen Europe

Research

Heating and Cooling
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Material Research as a cornerstone for highly efficient SOFCSQ,“W“’?TE“WPE

First products in the market — Material Research necessary to further reduce cost B _,<F[:H’,
2. &F
/r"“-wun o
’ - ST - Electrical Efficiencies exceeding
Efficiency , Voltage degradation ! Efficiency
: @Stacklevell . @stacklevel | @tystem level
Q 18 ResearCPrOJeCtS Na=74% ! 0.2%/1000h ' ny=60%

ImprovedLifetime

ImprovedPerformance
Nextsteps- Evolution
AI\Iextgenerationnaterialsfor novelcells

Material Researclon:
AElectrolytes ADecreasinghe useof high costandcritical
AElectrodes .

raw materials

Alnterconnects

ASealants AL’J SMillion FundingAvailablein 2019

AProtectivecoatings
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ﬂ Hydrogen Europe

Over 1000 fuel cell uCHP systems installed across EU R

Track record of domestic heat and power systems created

FCH JU Funding

o
; E F
_=mowe g
E f-'r-P.d. .
S 2 callux ™
; _ S| @
™ zs,m =ﬂ==============
ene.field m— 14,000-25,000| - §  ene field
- ___
—
o -30-40% |----{--@_ (ZPACE
i :_ ‘_\.
(= PACE ﬁlit CTTTITYS
* =KEWa33
e, .
w EN
500 10,000 100,000 Units per

Manufacturer (UPM)
* Positive business cases emerging with no subsidy
1046 units deployedinder ene.field project
Over 1 MWe capacity installed
>5 million operating hours
Additional >1,000 unitsleployed under German scheme

1000+



"= Hydrogen Europe

Over 1000 fuel cell uCHP systems installed across EU

Track record of domestic heat and power systems created

S (&) DEMOSOFC L 2w

= b i

175kWSOFCin wastewatertreatmengplant, Turin Italy Area 2MW plantat Ynnovate Yingkou (province
will guaranteehe supplyof around30%o0f the site electrical Liaoning),China Design,build andoperatea 2 MW
consumptionandalmost100%o0f the thermal requirement powergeneratorwith full integrationof heatand
powerwith anexistingchlorine production plant.
DURATION: 20152020with FCHJUFunding=~ 4 . 5 M Fully automatedwvay of operation+ remote control
DURATION: 20152018with FCHJUFunding=~ 5 .
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ﬂ Hydrogen Europe

Research

Overarching
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Towards a hydrogen society

Integration of renewable energies

GHIT

ﬂ Hydrogen Europe

Research

el
1.5 MW of PEM
electrolysis for ~50 t pa
of hydrogen

transported by sea to
Kirkwall in 5 hydrogen trailers

to heat two local schools,

to fuel a 75kW fuel cell which
will provide heat and power
to the harbour buildings, a
marina and 3 ferries when
docked and a HRS for a fleet
of 10 fuel cell vehicles

Improve Local Knowledge & Public Acceptance of Hydrogen
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SAFETY, STANDARDS,

EDUCATION...




. 1Y drogen Europe
Towards a hydrogen society (.L;Hy e

Cross-cutting activities comprise projects and complementary actions

&
'“9,.,”‘“ e ¢

Social
administrative Education and awareness Sustainability DatabasesX

and regulatory training & public Monitoring
framework acceptance

)
+—
(@]
=
o
S
o

Regulations, Codes and Standards Strategy Coordination Group (RCS SCG) /
N

European Hydrogen Safety Panel @
Collaboration with JRC

| RRAGAZYF ¢ )\y)\am-ﬁxééé

Complementary Actions
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M Hydrogen Europe
Codes and standards (‘y”” sk

Providing science-based information to improve and develop standards _ o
3 g

&

v
4 vy 1

H, H, H, H,
Production storage Distribution Consumption

y fire COMP eHyTransfer -?b‘m * - _>
HyPacter =HyCoRA [\ smoctest | <o

=HyCoRA

Targeting standards at European and International level

International Electrotechnical Commission

= .
(B CENELEC
European Committee for Standardization .
European Committee for Electrotechnical Standa rdlzatlon ----------
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. N Hydrogen Europe
Preparing the European workforce G;H” e

Projects running include training packs in different languages, formats, means, etc.

Country Total
E;EE :3:3 22():].(3

DE :
= >600 trainees

Training for
first responders

|FTR 8 countries

Courses for

i 7 languages

PT
]

professionals
generalpublic

in person training, eearning, blended
f SI NYAY3IXDA NI dzl €
XY2@4J Ayadlttld

undergraduate
& graduate
education PhD

#of TRAINEES

None

BEng/BSc
Eng/MS Laurent Antoni, Antwerp, June 27, 2019 68




ﬂ Hydrogen Europe

Research

Outreach
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FCH-JU initiative: 92 Regions/Cities from 22 countries (about 25% of EU)

study to:
(1) assess FCH applications,

(3) develop roadmaps,

(2) identifying financing/funding options (4) engage their stakeholders

B E Belgium &= United Kingdom 5 5hqon (Greater ==
>Flanders >Swindon and Wiltshire | 5ndon Authority)
>Pom West- >Aberdeen >Newcastle
Vlaanderen >Birmingham >Orkney Islands
>Cornwall >Oxfordshire
>Dundee >Perth and Kinross
>Fife >Manchester == Iceland
>leeds >Tees Valley >Reykjavik
m m France = Spain
>Auvergne Rhone-Alpes = AVEEON >Murcia — Netherlands
i?ourgognT-(jFran;he-Comte >Barcelona SPort of >Assen
>Gentret;?/a e Loire >Cantabria Valencia >Drenthe
renoble >Castilla—La >Puertollano >Emmen
>Grand Dole >Valladolid >Groningen
Mancha
>La Roche sur Yon >Helmond
>Normandie
>Qccitanie-Phyrenees
>0rléans il Italy. . = Austria
>Pays de la Loire >Lazio culie - =
>Pays de St Gilles >South s l
Tyrol >Toscana
ic M portugal
>Torres Vedras

Signing ceremony 23 Nov. 2016 with
f CoR President Markku Markkula + FCH-JU and 40

>Médio Tejo

Repiay 2= Sweden

>Akershus = e

>Mgre og Romsdal >Mariestad

>Oppland County Municipa

>Sogn og Fjordane - Finland
>Kokkola

mm Estonia

>Tallinn
== Latvia
>Riga

== Denmark
>Guldborgsund
>Lolland

m= Czech Republic
>Trutnov

Laurent Antoni, Antwerp, June 27, 2019

f’l- Hydrogen Europe

%, &
oy P
mm Germany >North Rhine-
>Baden- Westphalia
Wiirttemberg >Heide region
>Bremerhaven >HYPOS (East
>Hamburg Germany)
>HyCologne- >Recklinghausen

Hydrogen Region >gayony-Anhalt
Rhineland

>Kreis Steinfurt

am Slovenia
>Velenje

== Croatia
>Split
>Split-Dalmatia County

Romania
> Constanta

Bulgaria
>Bulgarian Ports
>Sofia

Greece
>Alimos

>Agia Paraskevi
>lerapetra
>Kozani

>Milos
SVrilissia

>Kalymnos
>Heraklion

>Western Macedonia
>Papagoou-Halargos
>Region of Crete
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European Hydrogen Valleys Partnership S regen Buroee

Established under the EC smart specialization platform for Industrial Modernization

EUROPEAN
HYDROGEN
VALLEYS
PARTNERSHIP

Partnership led by:
oo Loreoion® 5 don North of Netherlands (NL)
Auvergne-Rhone Alpes (FR)
Le Normandy (FR)
Aragon (ES) >
Above 40 regions plan to join http://s3platform.jrc.ec.europa.eu/hydrogen-valleys
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http://s3platform.jrc.ec.europa.eu/hydrogen-valleys

ﬂ Hydrogen Europe

World and Europe
Market vision by 203 2050
State ofPlay

I\V. 2030 European Technolodyoadmaps
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HE/HER strategic plan 2020-2030 for FCH technologies @”y"""fjjjj”“’“

HYDROGEN,
ENABLING A ZERO —
EMISSION EUROPE Technology Building Blocks

Cars, 2-3 wheelers, vans
Low carbon hydrogen Electrolysis Buses & coaches

production Other modes of hydrogen production Fu_el cell VemCIes_ _(mad= r_a"’ Trucks
ship) are competitively priced

STRATEGIC PLAN

2020-2030

e

Material handling

Rail
2 Hydrogen production Role of electrolysis in energy system Maritime
enables increased Aviation
Large scale hydrogen storage
renewables
6 Hydrogen meets demands Hydrogenin the gas grid
for heat and power ;
Key technologies for distribution P Stationary fuel cells
Hydrogen is delivered . Domestic and Commercial Burners
3 at low cost Transport of hydrogen by road, ship etc
Transportand storage in liquid carriers
Hydrogen decarbonises Hydrogen in industry
industry
Affordable hydrogen is : it
4 di q ty ¢ g t Hydrogen refuelling stations 8 Horizontal activities support
ISpensed 1o transpo the development of hydrogen | Supply chains & other cross cutting
applications issues
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To achieve this vision, the sector needs to achieve a ®Hydmgen Europe
range of 2030 targets

4. An affordable zero carbon fuel can be delivered to fuel cell

1. A diversity of clean hydrogen transport applications, with total fuel cost below diesel, takinginto
production routes have matured, account taxation.

producing hydrogen at a cost of €1.5-3/kg,
allowing penetration into mass markets .

5. Fuel cell vehicles (road, rail, ships)
are produced at a price equivalent to
other vehicle types, with a compelling

user case.

3. Hydrogen
can be 6. Hydrogen meets demands for heat and power at a meaningful
moved to scale, with:
target - 25 TWh of hydrogen blended into the natural gasgrid
markets at - Fuel cell CHP efficiency contributes to reducing energy usage, with 0.5
low cost. million FC CHP units deployed in the EU.
_ Transport
2. Hydrogen production 2> costs <€1/kg
enables increased e at scale. : . . : .
penetration of 100’s of o 7. Hydrqgen is actlvel_y dlsplacmg_fossn f_uels as aclean
MWs of renewable : energy input into a wide range of industrial processes:
electricity. - 8 TWh of hydrogen used for industrial heat.
- Clean hydrogen replaces conventional fossil-fuel derived
hydrogen.

- Replacing other fossil fuels e.g. coke in the steel making
process, methanol production etc.

8. Regulations, standards and training/education programmes are supporting the transition to a hydrogen economy.




By achieving these targets, clean hydrogen can be produced "™ Hydrogen Europe
and distributed to markets at competitive prices... 7

Distribution costs for
centralised H, production are

A commercially

Production costs for clean H,compete with T
competitive energy

conventional fuels

lower at scale

Hydrogen produced at a cost between €1.5-3/kg is
competitive with conventional fuels for transport
applications amongst others once a 2030 carbon price is
taken into account!. These prices are viable for SMR
with CCS2 and for electrolysis (assumptions as per
roadmap targets).

Some hydrogen will be produced in
large centralised production plants for
access to low-cost renewable energy.
The distribution costs need to be
minimised to ensure the fuel remains
competitive.
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Cost of carbon Transport of I
I Price of o hydrogen at
Hoprice incumbent fuel GH scale is expected
o 20 to cost at most
quivalent €1/k
( €9) k 9
g = Green hydrogen
upper bound
MR 4GOS On-site hydrogen production
+ .
15 P = wer bound offers an alternative
In some locations, decentralised sﬁ S SS
hydrogen production may offer a lower ” | | | |

cost route. Distribution costs are
avoided, but production costs may be

Untaxed Methane H2in
Diesel in the industry

grid higher at smaller scales. The best
solution will be location-specific.

Laurent Antoni, Antwerp, June 27, 2019 75

12030 CO2 priceof €55/ t onnen b“aGleagap to g Patiscempliant EU-E T S ” Calobgn Tracker, 2018
2-Assuming€ 40/ t onne t stopagescpsbforthe @R d



prices that are competitive in a range of applications that f

Hydrogen Europe

are key to decarbonising Europe’s economy

Transport — for example, FC cars are
projected to achieve cost parity with diesel
- at commercial production volumes at a H,
/== costof€5/ k g .

o
]

Industry and gas — clean H, as a
feedstock can reach parity with fossil-
based inputs once the cost of carbonis
included.

Buildings — fuel cell CHPs are high
efficiency and can reduce energy use and
associated CO, emissions even in
advance of grid decarbonisation.
Hydrogen may be the lowest cost way to
decarbonise the gas grid.

Estimated annualised Total Cost of
Ownership (TCO) [ct/km], 2017 prices

( CURRENT ) (POTENTIAL )

B _—40-50%”‘— 2030 Adapted from “Development of business
' cases for Fuel Celland Hydrogen
applications for Regions and Cities”,

2017, Roland Berger for the FCH-JU

0.6 1

Infrastructure (incl. maintenance)
B Fuel

Maintenance (FCEV)
Il Financing (FCEV+infrastructure)

FCEV

BEV Diesel FCEV BEV Diesel

Net cost of CO, abatement for different options for decarbonising heat
€/tonne CO,

Adapted from data in “Cost

300 275 analysis of future heat
211 215 infrastructure options” Report for
200 the UK National Infrastructure
129 Commission, 2018.
100 Data = whole system costs for
4 options & cumulative carbon
0 emissions from heat,
T T T T T 1 €/£ = 114
Baseline Heatpumps Direct Hybridheat Hydrogen
electric pumps
heating
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m Hydrogen Europe
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Conclusions @™ Hydrogen Europe

U Hydrogen, as a clean, safe and versatile energy carrier, is part of the energy transition and is key to
enable the renewable energy system and to decarbonize end uses. Hydrogen is the only zero-emission
energy carrier with electrons.

U Hydrogen technologies are mature and have significant potential across all applications, in particular when
looking for high payload, high autonomy and flexibility.

U Hydrogen is fully part of the European strategy for a climate neutral Europe by 2050
 Horizon Europe mentions research on Hydrogen and Fuel Cells
 Hydrogen energy is one of the European strategic value chain

U Hydrogen & Fuel Cells are today!
An international momentum worlwide with a strong position in Asia (Japan, South Korea and now China)
but a strong European Public-Private Partnership with close collaboration between Industry (Hydrogen
Europe Industry) and Research (Hydrogen Europe Research) has a fundamental role to develop
technological research, to maintain European competitiveness and to bring products to market readiness.
The close collaboration between research and industry is the basis of the European strength in the
Hydrogen and Fuel Cell sector.

U A global collaborative approach of policy makers, investors and industry is needed today to enable the full
potential of hydrogen in the energy transition.

U Industry/Chemical sector can be an important costumer of the hydrogen sector for decarbonizing its
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&) ENERGY OBSERVER &“’ Hydrogen Europe

Le premier navire hydrogéne
autour du monde

The first hydrogen vessel which aimed at energy autonomy and that emlts no greenhouse gases or
fine particles

Automatic: C‘ ceanw ings*
{(12m/315m?
o

A systemic approach

Hydrogen Compressors
(4 Nm?/h)

#2em Solarpanels
(168 M2 28KW.)

/'; MISSION
) INNOVATION

Hydrogen slorage
(60 ke @ 35MPa)

Batteries 400V 1 24V
{106 kWh +20kWh) ¥

Didier Bouix, One of the world ' Gﬁ

Champions of Mission WM
Innovation, May 2019 Monitoring

PEM Electrolyser
{4Nm3/h @3MPa)

FleclricMolor FerU.hu]' ~oil
\
(2 x 45 kW) (26kW)
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f Hydrogen Europe

Thankyoufor yourattentionl

More info

European Commission: https ://ec.europa.eu/
FCH 2 JU: www.fch.europa.eu
Hydrogen Europe: www.hydrogeneurope.eu
Hydrogen Europe Research: www.hydrogeneurope.eu
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