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Hydrogen as Energy Carrier |

* Storage of Renewable Energy (so
the Form of Hydrogen via Electro

* Use of Hydrogen in NG grids and

ar, wind...) in
ysis
ndustry

* Re-electrification of Hydrogen for Stationary and
Mobile (Transport) Applications via the Use of
Fuel Cells...




Hydrogen as Energy Carrier Il

* The technology (Hydrogen & Fuel Cells) exists
(production, storage, safety, use in stationary
applications and vehicles (FCEVs, buses, trucks,
trains...))

* The issue of infrastructures remains open...
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Cumulative Investment
Infrastructure Roll-Out

cumulative investment [€ billion]
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» Hydrogen more expensive during the transition

period to renewable electricity-based generation

= High market penetration: battery charging needs
more investment than hydrogen fueling

= For both infrastructures investment low
compared to other infrastructures

20 million EVs

Renewable electricity generation scenario 374
Electric grid enhancement plan 2030 34
Federal transport infrastructure plan 2030 265
Hydrogen fueling infrastructure 40

Electric charging infrastructure 51
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Comparison of Mobility Costs

specific mobility costs [ECt/km]
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vehicle purchase and operation costs excluded
For small vehicle fleets, i.e. 0.1 million cars, BEV fuel costs are significantly lower compared
to FCEVs.

Increase for hydrogen between 1 and 3 million cars results of switching to exclusive
utilization of renewable energy for hydrogen production via electrolysis

Mobility costs per kilometer are roughly same in the high market penetration scenario at 4.5
€ct/km for electric charging and 4.6 €ct/km — the lower efficiency of the hydrogen pathway
is offset by lower surplus electricity costs.
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CO, Emissions & Electricity Demand

CO2emission per km Specific electricity demand
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» Efficiency of charging infrastructure is higher, but limited in flexibility and use of surplus
electricity

» Fueling infrastructure for hydrogen with inherent seasonal storage option

» Low specific CO2 emissions for both options in high penetration scenarios with advantage
for hydrogen, well below the EU emission target after 2020: 95 g;o,/km
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Full Report Available - j‘p
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NEED FOR NEW INFRASTRUCTURES

m Road

m Railway

Other EU-28
emissions

80%

m Civil Aviation

® Domestic Maritime
Transport

® Other Transport

Compression solutions for HRS

Performance and reliability

Compression &
Buffering
Module

TRL from 3 to 5

- AWP 2016

Need of
compression



The market

HRS in operation? Number of HRS announced and/or planned
F _ F
until 2025

Refueling Station Component Cost Contribution

The envisaged main market
for the MHHC is the one of
Hydrogen Refuelling Station
GLESE

In total, >750

stations announced/ The size of the Total
planned for 2025 Addressable Market in
Europe for HRS and
Hydrogen Vehicles has been
assessed by the European
Commission in the COM
(2017) 652 final document




A NEWTECHNOLOGY FOR H2 COMPRESSION

UNIQUE ADVANTAGES

L

a VERY LOW O&M COSTS

ZERO NOISE LEVELS

LOW ENVIRONMENTAL IMPACT

MODULARITY, AVAILABILITY &
RELIABILITY

Metal hydrides basic principle
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