_7iﬁ_7_7_— =SS ————————————————=—————— == 5. =~ =

6™ EDITION MODAL INTEGRATION

ﬁ’;ﬁ’f - AT THE SERVICE OF GLOBAL DISTRIBUTION

FrEIGHT

CONFERENCE 26-28 JUNE 2018, GENOA, ITALY

Globalisation, Innovation and Connectivity

Hydrogen, an enabler for a zero-emission society

Laurent Antoni

laurent.antoni@cea.fr

Hydrogen and Fuel Cell Program Manager, CEA (French Commission for Alternative Energies and Atomic Energy)

6t" GLOBAL RAIL FREIGHT CONFERENCE WiC/ [ rermoue
/

TALIANE



gy The energy transition creates multiple challenges
333) 2o the 7 roles of Hydrogen
‘ CONFERENCE

Enable the renewable energy system > Decarbonize end uses

Decarbonize
transportation

Enable large-scale Distribute energy
renewables integration across sectors and

- i regions o
and power generation R C——

energy use

i Help decarbonize
) building heating and
" power

\
,%\ Serve as feedstock, using
captured carbon
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In a 2-degree-world, hydrogen could contribute ~18% of demand by 2050

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

_ 5 Transportation

Industrial energy 18%

of final energy
demand

Building heat and power
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New feedstock (CCU, DRI)
Existing feedstock uses

2015 20 30 40 2050
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Hydrogen trains (Hydrail)

Laurent ANTONI, 6TH GLOBAL RAIL FREIGHT CONFERENCE, 26-28 June 2018, Genoa, Italy
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Hydrogen trains (Hydrail)

Significant part of the rail network not electrified Emission-free trains for lines
without catenary

Increasing prices for diesel and traction current
in the medium and long term Alternative to fossil fuel

Legislation and expectations on air quality and - : :
noise reduction Emission and noise reduction

Less acceptance and political discussion
about ban of diesel in urban areas Compliant technology

Laurent ANTONI, 6TH GLOBAL RAIL FREIGHT CONFERENCE, 26-28 June 2018, Genoa, Italy



Alstom answers this challenge with the hydrogen
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DIESEL
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Diesel-Powerpack Diesel Fuel-Tank

O))) Diesel

1.000 to 1.400 km >

powered Coradia ilint

Multiple activities since the early 90s

FUEL-CELL

Battery and
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Parameter
Propulsion

v max
Engine power

Onboard power for
propulsion & auxiliary
systems

Passenger capacity

I. Seats

I.  Standing 4P/m?
Hydrogen tank volume
Reach

Y o "
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Type
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Diesel
140 km/h
2 x 390 kW
3 %390 kW
780 kW

2 X390 kW

alternati
ve
option
1.170 kKW
3 x390 kW
327
138 -180
149 - 189
2 x8001
a. 1,600 km

LINT 54
Fuel cell
140 km/h

2 x200 kW

850 kw
2 x200 kW
Fuel cell
+
2 x225 kW
battery
peak: 1.300 kW

327
138
189
178 kg
ca. 600-800 km*

LINT 41 (EVB)

Diesel
120 km/h
2 x315kW

630 kW
2x315kW

232
116-118
114
2 x8001
ca. 1,600 km

j
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HYDROGEN, AN ENABLER FOR A ZERO-EMISSION SOCIETY

Further information

FCHA. e FCH2JU : www.fch.europa.eu

ﬂ Hydrogen * HYDROGEN EUROPE : www.hydrogeneurope.eu

v Europe
~
N

Hydrogen Europe | yhROGEN EUROPE RESEARCH  : www.nerghy.eu

Research

CEA Liten : http://liten.cea.fr
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