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CO2 and Pollution are the problem

A) CQ problem: B) Pollution:

V Ambitious targets for decarbonisation require a new V Air pollution is a real problem for the health of E
energy system in the future citizens(467.000 prematureleaths- EEA)

V Transport accounts for nearly a quarter of the,@@d Is V EU cities forced to shut down due to high
Increasing concentration of pollutants
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The Challenge In Italy: Reducing CO2 Emissions

A transition to a new energy system Is required

Strong reliance on natural gasd high share of industrial high grade he:
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The hydrogen economy

Hydrogen allows more renewables in the energy system and enables-secioling
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Hydrogenenables Rintegration: answers demand imbalances,
from short to long term

Longterm storage Is particularly relevant in countries with large seasonal energy demand and high
shares of renewables

Technology overview in Power and Time
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In countries with high seasonalemand, fullelectrification would
require massivenew power generation to meet peak winter heat

demand

Synthesized half-hourly heat and electricity demand, UK
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Implications

Peak heating demand significantly higher than peak
electricity demand (~360GW compared to ~60GW)

Heating Is primarily gas-based (>80%), since natural
gas provides an implicit means of long-term energy
storage

Full electrification of building heating would require a
massive increase In electricity generation or in seasonal
energy storage (e.g., In pumped hydro)

H2 provides alternative means of seasonal energy
storage due to low discharge duration and high
discharge capacity (e.g., underground storage in
caverns)

SOURCE: Rob&ansomImperial CollegeDecarbonising.ow Grade Heat For A Low Carbon Future, October 2014 )



Think of the customers: If heating depended on electricity
from renewables...

After no wind for
several dayx




FCEVs best decarbonisation level for long distances and
heavy payloads
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Transport: think of the customers

What happens if recharging/refilling each vehicle takes...
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At scaleelectromobilitycannot be done only with batteries




A Hydrogen stations able to refuel ~15 times more vehicles than a
fast charging stationleading tosignificantly less space reguirements:
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Refueling speed - km/hour of refueling ~8 MW sower line

~7.500

required for 60 fast chargers
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4 HRS replace

Petrol HRS Fast charger 60 fast charger stations

Hydrogen refueling is 15x faster than
fast charging

Assumptions: Average mileage of passenger car = 24,000 km; Number of PCs in EU in 2050: ~180 million; ICE: Range = 750 km/refueling, Refueling time = 3 minutes; FCEV: Range: 600 km/refueling, Refueling time = 4,
Fast charger = 1,080 km?; BEV: Range = 470 km/refueling, Refueling time = 75 min, Petrol station = 1,080 m? 10

SOURCE: Nationale Plattform Elektromobilitdt (NPE)




Strong publieprivate partnership with a focused objective

EU InstitutionaPublicPrivate PartnershigiPPR

Fuel Cells & Hydrogen Joint Undertaking (FCH 2 JU)

ﬂ Hydrogen Hydrogen Europe

QP Europe ) V. Resaarch
* *
* % K

Indusitry grouping European Research grouping

More than 130members Commission over B8 members
50% SME

To Implement anoptimal research and innovatioprogrammeto bring FCH technologies
to the point of market readiness by 2020
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FCH JProgrammestructure

ENERGY

A Hydrogen production
and distribution

A Hydrogen storage for
renewable energy
Integration

A Fuel cells for power &
combined heat &
power generation

FCH JU (2063013).
Total Budget940mill €
EC contribution467 mill €

5

TRANSPORT

A Road vehicles

A Nonroad vehicles
and machinery

A Refuelling
Infrastructure

A Maritime, rail and
aviation applications

FCH2 JU (20142020):
Total Budgetat least 1.3bill €
EC contribution665mill €
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FCH JU programmmplementation

Energy
o A

Hydrogen production and distribution 401 million euros
AHydrogen storage for renewable energy

Integration
Fuel cells for power & combined heat &
power generation

128 projects

41% &

l

227 projects 354 million euros

Supported 59 projects

Road vehicles for
éNon—road vehicles and machinery 690 X

A Refuellinginfrastructure 844Y ¢

Maritime rail and aviation applications 47 million euros

- 37 projects
e %\rosscuttmg Pro

E.g. standards, safety, education, consumer
F 61 NBySaa X

42 millioneuros

Similar leverage afther sources ofunding:886Y ¢ 3 projects 13



Roll out of cars by FCH JU: Hydrogen Mobility Europe (H2ZME)

AllFCH Jirojects 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
’14’. [Soncii Clmriwty IRC =% — w4 B s i ‘ EAPANSTO
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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 & Lfllhes3 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[ Re (0.9-1 mill)* Thc **
_ _ _ _ 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
** FCH JU study Hydrogen: Europe roadmap to be released Oct 2018.



Roll out of the required infrastructure in Europe

Europe installs HydrogdrRefuellingSations thanks to European programs (FCH JU & 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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https://h2-map.eu/

Theroll out of hydrogen buses curope
Europe Is supporting total of 360 Hydrogen buses, leadboca 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

10 European OEMs are develophgdrogen buses:



https://www.fuelcellbuses.eu/

In 2017 first trucks appeared on the EU roads and more aredme

Worldwide there Is a clear traction towards Hydrogen for trucks due to the limited ranggattefies

FCHJU H2ME project
Batt+RE

REVIVE: H2 Garbage
Trucks in 8 EU cities

2018: Heavy Duty truck
call for proposal

il

Call 2018: 1 successful = ). =b —
proposal under signature Nicola Truck Toyota Truck @LA port

* s % @ @ Partners planning
* 2,000 commercial
trucks on the road by 2020

=~ Toyota and 7-
eleven
collaboration

Hyundai
truck

FCHJUstarted with Fuel Cells in trucks for APUs b Hyundai signs deal to sell 1,000 hydrogen-

R N R R ke Powered trucks in SW'tZEIand .
. - - # HOME NEWS + E PUBLICATIONS 3 SPECIAL REPORTS v ‘ STAKEHOLDERS v+ Eﬂ EBODKS v SUBSCRIBE
developing and testing trucks with rangetenders or I

fuel cell only, e.g. garbage trucks in mayor cities. Norway aims for 1000 hydrogen trucks by 2023

Seprember 19, 2018




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
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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 requiresup to halfthe

Investmentvsfull electric train
OO0 USYINE M YACf

way Regional trains

18



International Maritime
Regulations

Maritime discovering Hydrogen and Fuel Cells

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

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 teCh 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 CH LW Cdzy RAGTAY VH m dCcdayek
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Big Industries are discovering the potential of Hydrogen (1/2)

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

AUSTRIA

(Europe) FT FINANCIAL TIMES

World business newspaper

Industrials technology and economics at scale are
. unproven . . . it will have a long develop-
Austrlan ment and thereby investment period.”
Other steel co i

mpanies, including
Sweden’

e
Posco of South Korea and Sweden’s

;4 § Stee]maker SSAB, have launched initiatives to

o - o V . develop hydrogen-based steelmaking,
- though thought to k t

H2FUTURE — 0€s l:alplne U0 fhowghone o thoughttohave

Voestalpine last year opened a $740m
Green Hyd regen e 5 - = teSt Coa]_ﬂee plant in Texas that ma.kg.:?:ol briquet-
- E - - ’ tediron, a pre-material sometimes used
';5: o : : - blast fllrnace in steel production. The facility lowers
r - - - carbon emissions by using natural gas
] P /CHAEL POOLER instead of cokingcoal.
The Austrian steelmaker Voestalpine is Some industry experts are sceptical
to build an experimental facility for W

about the economic feasibility of new
producing hydrogen with the aim of steelmak i arti '

ing technologies, particularly

3.4 MW electrolyser atMPREIS (bakery plant) MolsAustria. 6 MW electrolyser at VOESTALPINE (steel plenkinzAustria.

The green hydrogen is produced from hyailectricity (from The green hydrogen is produced from hydectricity (from the
the Alps) which is being uséal heat the ovens to bake the Alps) which Is being used to produce steel in this way the

bread. In a 2 phase the distribution will be done by H2 truc iIndustry can make a first step towards CLEAN STEEL
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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

Moy roogen O

(=]
S
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GERMANY

*

SALZGITTER
FLACHSTAHL
150/30kW Reversible electrolyser, Salzgitt&ermany
To operate a higllemperature Electrolyser as reversibl
which can not be put on the electricity net as it Is already generator (SOCreversible Solid Oxide Cell) in the indust
and so the produced hydrogen will be injected in the nat environment of an integrated iron and steel work. The

system Is flexible to produce either hydrogen or electrici
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Over 1000 fuel cell y.CHP systems installed across EU

Track record of domestic heat apdwer systems created

FCH JU Funding
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i | S y
_ 25,000 — St === ==========
ene.field” " eur/unic 14,000-25,000 |-l ene field SoA
LA
-30-40% |----+--®_ =PALE
12,000 I R
. > ol KFWa3ss
&y EN
i . . -
500 10,000 100,000 Units per

Manufacturer (UPM)

* Positive business cases emerging with no subsidy

1046units deployedunderene.fieldproject
Overl MWe capacityinstalled

- i >5million operatinghours
0 1000+ Additional >1,000 unitsleployed under German scheme




