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Current R&D activities on H,/CO,

H2 PRODUCTION

+ Electrolysis (low T, high T)

* Blu hydrogen

+ Biobased processes (thermal, biological)
* Photocatalysis

» Solar-assisted chemical looping

» Aqueous phase reforming

H2 STORAGE AND DISTRIBUTION
» Compression

» Ad/Absorption on solid matrix

* Geological storage

* Injection in NG grids

*+ LOHC/NH3

H2 FINAL USES

* Hydrogen as a feedstock
* Mobile applications

* Hydrogen/FC to power

» Synthetic chemicals

* Fuel Cell based-CHP

» Grid services

CO2 CAPTURE AND SEPARATION
* lonic liquids

« Membranes

CO2 STORAGE

» Geological storage

CO2 CONVERSION (FUELS AND CHEMICALS)

» Electrocatalysis
* Photocatalysis
* Thermocatalysis
* Biochemical conversion
* Photosynthetic microorganisms
» Gas fermentation via acetogenic bacteria

» Biomethane production




CONTEXT: Energy Transition

e ELECTRIFICATION end uses

The energy transition is a dynamic matrix of
processes that responds to a need for climate change
mitigation, but that generates the opportunities
resulting from a paradigm shift.

The main drivers considered are:

a. increased use of renewable energy sources in all
sectors of society

b. decarbonisation of industrial processes and end-
uses of energy

c. progressive electrification of end-uses

d. energy conversion efficiency

e. global management of CO,

f. circular economy protocols.

RENEWABLE ENERGY CO, MITIGATION and
PRODUCTION and STORAGE RE-UTILIZATION SOLUTIONS

CIRCULAR ECONOMY PROTOCOLS

@ HYDROGEN value chain @ SOLAR chemicals
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EU Policies targets to 2030 - Iltalian PNRR 2021

EU Clean Hydrogen roadmap
e Large green H2

deployment
* 40 GW electrolysers 2030 - ..
* 10 M ton green ‘
hydrogen .
O 2050
2025-2030 2030 * 80-95% CO2 reduction
‘ _ update European Green Deal
* 40% CO2 reduction  (COM/2019/640 final): C-neutrality
@ Update European  «100% final uses electrification (RES)
Green Deal (COM/2019/640
2020 final): 55%

* 32% Renewables

* 20% CO2 reduction N
» 20% Renewables *-32,5% primary energy
consumption

* 20% Energy efficiency

EU Green Deal roadmap
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H,: what for
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The “colours” of hydrogen

Hydrogen production today is estimated at 70 Mt/yr (million tons):
= 76% is based on the use of natural gas in steam methane reforming plants.
= The use of electrolyzers accounts today 2% of stock.
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H, value chain

H2
sector
coupling
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Priorities: Decarbonize heavy transports

In transport, hydrogen is the most promising decarbonization
option for trucks, buses, ships, trains, large cars, and
commercial vehicles

= FCEV powertrains for trucks are cost competitive with BEV
from 100 km range

= Hydrogen refueling is 15 times faster than fast charging
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Fuel cell trains

STUDY ON THE USE OF FUEL CELLS & HYDROGEN IN THE RAILWAY ENVIRONMENT =State of
the art & business case and market potential - © Shift2Rail Joint Undertaking and Fuel Cells
and Hydrogen Joint Undertaking, 201910

Coradia iLint is the World’s first passenger train
powered by a hydrogen fuel cell.

Specifically designed for operation on non-
electrified lines, it enables clean, sustainable
train operation while ensuring high levels of
performance.

ALSTOM Savigliano is now producing FCH trains
for Trenord

H2 storage@350 bar Fuel cells
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Fuel cell trains
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Fuel cell trains — Short history
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Fuel cell trains - Engine
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Fuel cell trains - Performances
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Fuel cell trains — Business case

© Shift2Rail Joint Undertaking and Fuel Cells and Hydrogen Joint
Undertaking, 2019.

Document prepared by Roland Berger for the Fuel Cells and Hydrogen
Joint Undertaking (FCH JU) and the Shift2Rail Joint Undertaking (S2R JU).
e More information on the FCH JU is available on the Internet:
www.fch.europa.eu

e More information on the S2R JU is available on the Internet:
www.shift2rail.org

e More information on the European Union is available on the Internet:
WWW.europa.eu

Authors: Yvonne Ruf, Thomas Zorn, Pinar Akcayoz De Neve, Patrick Andrae,
Svetlana Erofeeva, Frank Garrison, Andreas Schwilling
Contact: Yvonne Ruf (yvonne.ruf@rolandberger.com)
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http://www.europa.eu/

Fuel cell trains — Business case

Business case considering the whole supply chain (train, energy supply,
infrastructure)
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Fuel cell trains — Case study in EU — H, Train
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Fuel cell trains — Case study in EU - HRS
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Fuel cell trains — Cost per km (€/km)

CASE STUDY IN EU

Route length (100 kilometres)

Diesel price (EUR 1.3 per litre of diesel)
Energy consumption (1.45 litre of diesel
per kilometre and 0.27 kg H2 per
kilometre).

Electricity price (EUR 90 per MWh)
Hydrogen produced at the on-site
production facility using an
electrolyser: cost of 5.6 EUR/kgH,

The infrastructure cost includes the
hydrogen refuelling station and the
production facility.

For the catenary electrification it was
assumed that 100 km of rail track are
being electrified (1 MEUR/km)

Fuel cells and H, technologies
are already interesting in EU
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Fuel cell trains — Cost per km (€/km)

The difference with catenary is the infrastructure
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Fuel cell trains — Needs for parity with diesel

Parity with diesel reached at cost of H, of 3.4 EUR/kg
(obtained by electrolysis @ electricity price EUR 60 per MWh)
With trucked-in hydrogen, parity at cost of H, of 5.0 EUR/kg

Prof. Massimo Santarelli



Fuel cell trains — Some case studies in EU
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Fuel cell trains — Saving of contaminants in the case-study of
Aragon (Spain)
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US case — Full cost comparison

H, fuel technology cost is, at present, still higher than diesel, biodiesel, LNG
and CNG, but already lower compared to catenary electric technology
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Fuel cell trains — Cost per mile

If fuel cells and H, technologies performances and cost projections
are met, they will compete pretty soon with diesel rail
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R&D at several TRLs: from concept to market
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Services @ POLITO

Modeling

Test and experimental
services
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Thank you for your attention

Prof. Massimo Santarelli
Politecnico di Torino
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