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Alternative Traction for Rail —

What drives the development of hybrid
trains?

3000 Diesel trains ZERO Emission target by UK

still in operation in German
y announced in transport sector for 2040

Sweden Carbon neutral wner 350 Mio €

by 2045 decided for market activation program H, by BMVI

German Coalition
Agreement referring to hydrogen >250 hybnd reg|0na| traInS

technologies tendered and expected to be awarded in 2019/2020 in Germany
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Which technology is most suitable?

Case by case decision based on several
boundary criteria

Network extension Last mile Connecting electrified lines
|/ I/‘ -~ PS : pu I/

' ] ( \ [ N\
b 120

. . 111
Technology decision
e 86
—— based on 2 criteria: 69
l B 48
1 ¥ 1. Length of the non-
] »
A B electrified section 6
. F
8 . 0- 40- 80- 100- 150- >300
N il 2. Price for H, 40km  80km 100km 150km 300km  km
A A s -k ! # and length of non-
Price structure for H, electrified lines in Germany
. J . J \ J
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Project set up for Mireo Plus —

Workstreams and synergies

X —-EMU Workstreams

High performance fuel cell High performance battery system Pilot application
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Mireo Plus —

One Platform for two hybrid technologies

Mireo Plus Q
All Mireo advantages in one hybrid platform —

Mireo Plus B

+ -
Modular battery traction system f
Mireo Plus H e

Modular fuell cell and battery traction system
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Mireo Plus —

One Platform for two hybrid technologies

Mireo Plus
All Mireo advantages in one hybrid platform

EMU - Performance

Improved energy consumption

Flexible for different applications
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Mireo Plus —

One Platform for two hybrid technologies

Mireo Plus
All Mireo advantages in one hybrid platform

EMU Performance

2000

Vo 160 km/h :
Pmax: >1000 kW ”Ez — Mireo Plus
s — DEMU
2 - car: 120 seats 3 -cars: 160 seats
] | ||
_ _ N T : f“"’““‘%\
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Mireo Plus B —

Battery hybrid train

Mireo Plus B
Modular battery traction system

* Overhead line operation 15 kV / 25 kV 16,7 Hz / 50 Hz
« Battery operation on non-electrified lines

» Charging under overhead line operation

* Quick Charge

* Range from 40 km to 80 km in a 2-car-unit
* Range from 80 km to 120 km in a 3-car-unit

« Utilization of robust Lithium lon Technology
* Long life expectation of battery

ol
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Mireo Plus H —

H, hybrid train

Mireo Plus H
Modular fuell cell and battery traction system

* H, operation

; * Fuel cells for constant vehicle performance
» Acceleration/deceleration using battery dynamics
* Quick H,filling time

2 * Range up to 600 km in a 2-car-unit
* Range up to 1000 km in a 3-car-unit

* Advanced fuel cell technology
» Advanced lifetime and efficiency

Gefordert durch: Koordiniert durch: f""‘”ﬂ"“’x
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Mireo Plus —

Our technology commitments

High traction system efficiency

EMU Performance

High adaptability to a variety of

Robust operational performance High flexibility operational patterns

Low life cycle cost

Lower number of components Low maintenance efforts

o)
N MO RS CRC BP

Long battery lifetime with safe

LTO-technolog
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Mireo Plus B —

Scalable range through modular battery
family

! o rh]'l;’tj o = S—— e S—
Technical Data /»ﬁ T — I ) Ty —— ﬂ o —
. It

. . . A e gy LL] ———— o
» Configuration: 2- and 3-car units
= Seats: 120 resp. 160

» Standees: ca. 200 Extension of installed
T capacity
» Battery capacity scalable:
Light, Standard and Range i 2 S e -
= Max. axle load: 20t "ﬁ = I == 00 SRS A= [ ﬁ e
. U o I | gL T .
= Max. service speed: up to 160 km/h o B e v
» Range: 40 — 100 km *
Extension of installed
* Depending on installed capacity and vehicle configuration capacity
! i .—_]':: '.:|:_._ SR Y- | — L=
nﬂ;"ﬁ- M = J MO == ﬂ 0= 00 ﬁ A
BT — a e T, L 14 =M B 5 II L
I Battery Space for battery = e M S ey L DO
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Mireo Plus B —

Vehicle concept
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Mireo Plus H —

Scalable range through modular concept

Technical Data

» Configuration: 2- and 3-car-units
Seats: 120 resp. 160

Standees: ca. 200

= Max. service speed: up to 160 km/h
Range: 600 — 1000 km *

* Depending on installed capacity and vehicle configuration

Gefordert durch:
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Mireo Plus H -

Vehicle concept

Unrestricted © Siemens Mobility GmbH 2019
Page 19

RWTHAACHEN
UNIVERSITY

MO RS CRC BP




Siemens motivation for the
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- Status and outlook




Our hybrid traction building blocks —

Targets can only be achieved through
innovations

Hybrid control SW
* Optimized operation through
" predictive energy-management

— HD8 Next Gen. Fuel cell

» Higher power density

* Longer lifetime, lower life
cycle cost

 Higher efficiency

< » ~5-15% energy savings

— Powerful battery family

» Safe chemical cells
» High-power charging
* High lifetime

— H, Tanks
. * Modular concept

=+ +10% H, storage capacity
.&lﬁ#
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DC - DC converter

» SiC Technology (compact,
light and low losses)
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Mireo Plus —

development phases and
market launch

06/17 09/17 12/17 03/18 06/18 09/18 12/18 03/19 06/19 09/19 12/19 03/20 06/20 09/20

. First bid Ready for
Project start submitted series

Mireo Plus B

Project start 2 A : Commissioning ;?tsr:orrLiJ;:tifgr: I Pilot operation

Prototype Desiro Cityjet Eco Authorization for passenger operation

Mireo Plus H

Funded development project

Gefitrdert durch:
. End of funded
@ Bﬁnd:[sl:u:\zfrluln 5 System test at HD8 next Gen :
Ao i Project start RWTH Aachen FC available project
|

06/17 09/17 12/17 03/18 06/18 09/18 12/18 03/19 06/19 09/19 12/19 03/20 06/20 09/20

Unrestricted © Siemens Mobility GmbH 2019

Page 23 MO RS CRC BP



LCC comparison -

Hybrid trains may be competitive already
today

H, price 4,5 €/kg m ﬂ“ 120 seats
\ \

Diesel 1,3€/|
Electricity 0,13 €/kWh

30 years % /
s

200.000 km / year

(G
(@
((

\
LCC/ km o)

service contract 2- car Mireo Plus

I

Mireo Plus B Mireo Plus H DMU

- Energy
- Investment
Maintenance
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Outlook —

Which are the essential topics for a
successful introduction of hybrid trains?

Operators / market Politics

* Clear requirements » Decision against the
regarding network and procurement of new
operation characteristics DMUs

* Project specific decision * Public subsidies for the
for a technology introduction of new

technologies

Unrestricted © Siemens Mobility GmbH 2019
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Ressources

* H, provision and H,
network

» Automated production of
fuel cells and battery
cells

RWTHAACHEN Ql:‘ :
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End customer

Information about
advantages and safety
issues

Promote introduction by
pilot tenders for hybrid
trains
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B and Siemens Mobility - Cityjet eco battery prototype train

stria/ OBB actively decided to test the technology intensively in
| passenger operation before stepping into this new business and
dering projects.
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General development SIEMENS
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Desiro ML cityjet eco has
received authorization
for passenger traffic in
Austria in August 2019.

The battery train will now
be tested during passenger
operation and the findings
from the pilot project will be
used to develop a series
solution for several non-
electrified rail lines.
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