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Project Scope

Life Cycle Stages
Primary Energy Source Fuel/Electricity Fuel/Electricity
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Propulsion systems
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Energy carriers
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Overview of scenarios
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Methodology
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Methodology
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Simulation Tool
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Dutch Northern lines
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Rolling stock 1n the Northern lines
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Rolling stock 1n the Northern lines

Ballard FCmove™-HD Luxfer G-Stor™ H2 CIMC ENRIC
Based on Model W322H35 LNG tank
FCgen®-LCS stack (350bar) (383 kg)
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Tank-to-Wheel (TTW) stage

Direct energy use
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Tank-to-Wheel (TTW) stage

Direct energy use
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Tank-to-Wheel (TTW) stage

Direct energy use

Relative difference of TTW energy use
per distance compared to GTW 2/6 vehicle
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70 66.67

0 GTwW 2/8

60 B WINK

50

40

30

20

(]

Relative difference of TTW energy use
per seat-distance compared to GTW 2/6 vehicle
(%)

20

15.47
B GTW 2/8

B WINK

10

30T Spo32922 2890 -29.26
40l i
c,‘\o Qﬁg \X‘O & cf\o (’,é\b
@ W ‘3‘9 \& Ng \&
N ¢ & ¥ & X
& & & & & 2
N N & )
O 2 P & Q P
& Y * &
‘2‘\\ Q\S\o Q\o <<\>Q>



Well-to-Tank (WTT) stage

Upstream processes
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Overall Well-to-Wheel (WTW) estimates
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Overall Well-to-Wheel (WTW) estimates
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Overall Well-to-Wheel (WTW) estimates
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Overall Well-to-Wheel (WTW) estimates
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Overall Well-to-Wheel (WTW) estimates
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Overall Well-to-Wheel (WTW) estimates
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Key Takeaway

ICE + HVO

Battery-electric
system

Fuel cell hybrid-electric
system
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Pros

High reduction of energy use and GHG
emissions (~90%).

Instantly implementable.

The highest reduction of WTW energy
use.

Emissions-free trains operation if
green electricity is used.

Improved powertrain efficiency
compared to ICE-based systems.

Noise-free and zero-emissions trains
operation at the point of use.

Cons

Emission of local pollutants (NOx and
PM).

High price of HVO compared to diesel.

Requires partial track electrification, in
addition to the vehicles retrofit.

Can be justified only if green hydrogen
obtained from renewable sources is
used.
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