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Climate neutral SBB

More than 40% of SBB's CO2 emissions come
from diesel traction and construction site
power supply.(12 Mio. | diesel / year)

22 2030 Klimaneutralitat > Dein Beitrag zahitl
Gemeinsam koénnen wir

die Ambition 2030 erreichen.

«Die SBB mochte ihre betrieblichen
Emissionen gegentber dem
Basisjahr 2018 bis 2030 um 50%
und bis 2040 um 92% senken.»

3. Kompensieren
Restemlissionen an CO2 kompensieren:
— durch Garbon Insetting

2. Ersetzen

100% emeuerbare Energlen nutzen:
— Helzungen
— Strassenfahrzeuge
- Dieselbetriebene Loks

- — Welchenhelzungen

1. Reduzieren
Energleeffizienz:
Mit dem Energlesparprogramm bls 2030
850 GWh einsparen!
= 1/3 des heutigen Stromkonsums
= 212’000 Haushalte

Phase OUT: fossile energy carriers
Phase IN: energy storage / batteries
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Abbildung 6: Prognostizierte Zunahme der installierten Batteriespeicherkapazitat durch die Elektrifizierung der Diesel-
flotte SBB-weit bis 2040. Legende siehe Abbildung 3.

Rangier- und Streckenlok
Schienentraktore & kleine Rangierloks
Baustellentraktore

Spezialfahrzeuge
Keine Punkte: Infra
Leicht gepunktet: Cargo
Stark gepunktet: Personenverkehr
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Rail power (16.7 Hz).
Dynamic power profile is challenging. Reserves are expensives.
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On what we can build on:

BAV/FOT Study BIENE (= Batter[Eschwarm im BahnstromNEtz)

(Battery sworm in railway power grid)

~

/Electrifioation of diesel fleet.

o)

rowing Power Demand

” m -mi Swarm of batteries in

P DErs IEaa railway power grid to be expected ...

Erras s Boas =
B Eam Eea

Shunting locomotives, construction . = | —

site vehicles, fire-fighting and w ) Ssdg.

rescue trains, special vehicles. e Eoem e /

/Project Scope BIENE

Riscs and Chances 2 Concept of Solution
A - Overload Risks - Battery management platform
@ - Value Cases with central - Cost/benefit
battery management. - General conditions

Requirements for Pilot

Ly PoC
- Proof of Concept of - Next steps for realisation

battery management:
simulation tool.

o
i Impact on grid™?
Panto-Leistung ~ Motorleistung + '
Ladeleistung i g
:—‘% »
\ A e

Funded by Federal Office of Transport (FOT), Energiestrategie im &ffentlichen Verkehr (ES6V)
Final report March 2022

\
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https://www.bav.admin.ch/dam/bav/de/dokumente/themen/umwelt/energiestrategie-projekte/schlussbericht-p218.pdf.download.pdf/218_SBB_Schlussbericht_BIENE_v2.0_20220513.pdf

Verfugbare Energie [MWh]

Results of BIENE study:

00 MWh battery capacity always available in the grid.
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User expectations of a central battery management system.

Battery saving charging.
Longer lifetime.

Insights from operational

data via the operator. e

Data for Asset-Ma-

nagement.

Enough battery ca-
pacity for next mis-
sion?

Fast charging
for unplanned
intervention.

e P

Vehicle-
dispatcher

\

Vehicle

-
BIENE Battery-
management-Platform
Vehicle- A/
owner

Is the charge suf-
ficient? Recharge
necessary?

Battery-saving opera-
tion supports warranty
commitments.

Use the flexibility
of the batteries for
a secure power
supply and opti-
mised power
price.

!

SBB Energy



Ageing mechanisms of a lithium-ion battery cell.

3. Eleétmlyte 2. Cathode

1. Anode 4. SE|
Current Collector (Cu) / - R 5. Separator \" *‘! g-g{l}vﬁé eiion Current Collector (Al) \_
4 ' 'y Gas evolution
19
o

Pollution | | | ithium plating \ Strong SEI growth

particles | |
b
=
)

Dendrite growth b ¢

Quelle: BIENE-Abschlussbericht, 2022

Particle

HZE}\ Reaction with water,
Generation of HF

i——— Moisture intrusion

Current collector corrosion .
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Example: Depth of discharge of 20 % of capacity
stresses the battery more at high storage level (SoQ).
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Operational influences on battery ageing -
Approaches for central battery management.

= Stressfaktoren
BIENE Batterie-
management-Plattform
Temperatur getrieb mit Oberleiung
kalendarische Batteriebetrieb - Rangieren
Alterung

Lower State of Charge (SoC) SOC [%]

aktueller SoC
100
S Alt 1
AVG Temperatur 4)[ vmme Alterting ] -

Reduced Charging Power (C-Rate)
>L Zyklische Alterung ]‘
Monitor temperatures, charge oy
SR depth,... with battery monitoring Satterieleistung [kw!.:..-_. 1
BIENE study: Potential > 1 Mio. CHF/a
through age-optimised charging. :he -

Plus > 1 Mio. CHF/a for railway power supply
Quelle: BIENE-Abschlussbericht, 2022 due tO reduced Control reserves



SFOE Pilot Project «BIENE Battery Manager».

Project from 2023-2026, funded by Swiss Federal Office of Energy SFOE.

Project partner:
SBB: Software, Pilot vehicle Tafag Hocharbeitsbuhne
BFH Center Energy storage: scientific support, battery models, ...
RhB: Pilot vehicle shunting locomotive Geaf 2/2

Work Packages:
WP 1. Model-based support for battery assessment

WP 2: 2nd life readiness
WP 3: BIENE battery management platform
WP 4: Fleet-wide implementation

11



Features BIENE-Battery Manager.

«Platform as a service» by SBB Energy

Vehicle

Battery control BMS

¢ Con;rlnufnlcanon Battery Manager for Battery monitoring
ationm vehicle users cockpit for Asset

Gateway / Router
4 Management

BIENE-Batteriemnanager

Viawer
-] Aktuglier SoC,
= Einsatzprofil-

check
Manuelle Eingabe oder

Anpassung von
Einsatzzeiten und
Zweck (2.8, fur

Optimised Charging (reduced aging)

Power Demand Management.

BMS: Batteriemanagementsystem L
TCMS: Train Control Management System, Fahrzeugleitgerat

LMLS: Lastmanagement-Laststeuerung, existing power demand management platform from SBB Energy
EMS-FSL: Energiemanagement- und Fahrstromleitsystem, existing system for control of power supply



BIENE-Batteriemanager as railway sector approach

Using synergies: one solution for all.
Developing, testing and using a joint standard.

Pragmatic solution with win-win-win effect (benefits for vehicle owners/users, vehicle producers and energy
provider).
Use the opportunities of integrated railways in Switzerland for system optimisation.

SBB Energy as system leader for traction current wants to support the energy transition:
«  Efficient electrification of the diesel fleet
 Reduce the need for expansion of the traction current infrastructure
Economic, secure and sustainable traction current supply.
Recommendation BIENE-Study: SBB Energy provides battery manager free of charge (in return: use of
swarm batteries for the traction current network under defined conditions).

Support from BAV (funding of BIENE preliminary study) and BFE (funding of pilot BIENE battery manager).



Diesel — Electricity/Battery

Climate

Flexibility as added value

14


https://youtu.be/9btLso52-X0

