
Autumn 2025 EPFL Railway systems and their transition - Peter Kummer 1

Peter Kummer

EPFL, Autumn Semester 2025

September 30, 2025

Railway systems and their transition 
Lecture 4

Railway Assets
Rolling Stock.



Railway Assets.
Agenda.

Autumn 2025 Railway Systems and their Transition – Peter Kummer 2

Part 1
«Heavy Assets»

last week

Part 2
«Rolling Stock»

today

Part 3
«Traffic Management Systems»

in two weeks
(next week: excursion)



Autumn 2025 Railway Systems and their Transition – Peter Kummer 3

Case Study 
Railway Assets.
Student pitch



Autumn 2025 EPFL Railway systems and their transition - Peter Kummer 4

Peter Kummer

EPFL, Autumn Semester 2025

September 30, 2025

Railway systems and their transition 
Lecture 4

Railway Assets
Rolling Stock.



Agenda.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer 5

1. Introduction
2. Technical aspects
3. Rolling stock conceptualisation

1. Service Design
2. Trade offs in rolling stock conceptualisation

4. Acquisition and life cycle management
1. Acquisition
2. Life cycle management (LCM)

5. Conclusion
6. Case study



1. Introduction.
What is roll ing stock?
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Rolling stock definition.
By Eurostat.

[1]: Railway vehicles that move exclusively on 
rails or a tracked transport system …

[2] The term includes all powered (for 
example locomotives) …

[4] and goods wagons … [5] Etc. … (electric multiple unit) [6] Etc. II … (special vehicles)

[3] and unpowered vehicles (for example 
passenger carriages or coaches) …

Source: Weidmann System- und Netzplanung: «Historic: Beginning of the 
railway systems, Hartkorter Kohlebahn in the Ruhr region (DE) around 1830» Source: Abteilwagen | AKE-RHEINGOLD | AKE-Eisenbahntouristik

Source: ABB steigert die Energieeffizienz der «Lok 2000» für einen in Zukunft 
noch nachhaltigeren Betrieb - Bahnonline.ch

Source: Covered wagons - Rail Cargo Group Source: TGV Atlantique | TrainsDepot.org Source: Kranwagen

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.ake-eisenbahntouristik.de/ake-rheingold/abteilwagen/
https://www.ake-eisenbahntouristik.de/ake-rheingold/abteilwagen/
https://www.ake-eisenbahntouristik.de/ake-rheingold/abteilwagen/
https://www.ake-eisenbahntouristik.de/ake-rheingold/abteilwagen/
https://www.ake-eisenbahntouristik.de/ake-rheingold/abteilwagen/
https://www.bahnonline.ch/3542/abb-steigert-die-energieeffizienz-der-lok-2000-fuer-einen-in-zukunft-noch-nachhaltigeren-betrieb/
https://www.bahnonline.ch/3542/abb-steigert-die-energieeffizienz-der-lok-2000-fuer-einen-in-zukunft-noch-nachhaltigeren-betrieb/
https://www.bahnonline.ch/3542/abb-steigert-die-energieeffizienz-der-lok-2000-fuer-einen-in-zukunft-noch-nachhaltigeren-betrieb/
https://www.bahnonline.ch/3542/abb-steigert-die-energieeffizienz-der-lok-2000-fuer-einen-in-zukunft-noch-nachhaltigeren-betrieb/
https://www.railcargo.com/en/services/wagonload/equipment/freight-wagon/covered-wagons
https://www.railcargo.com/en/services/wagonload/equipment/freight-wagon/covered-wagons
https://www.railcargo.com/en/services/wagonload/equipment/freight-wagon/covered-wagons
https://www.trainsdepot.org/de/vehicle/40/tgv-atlantique
https://www.lokifahrer.ch/Strecken/Intervention/Kranwagen.htm
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Historical evolution (I).
Technology.

1847 1904 1927 1952 1991 2010

30km/h 125kW
D 1/3 «Limmat»

100km/h 1000kW
A 3/5

100km/h 2300kW
Ae 4/7

125km/h 4300kW
Ae 6/6

200km/h 6100kW
Re 460 (Lok 2000) 

Relation: 100kW = 136 HP

What factors drive the evolution of rolling stock? 
Technology? Yes, but…

200km/h 7500kW
RABe 502 (FV-Dosto) 

Source: Swiss locomotive and railcar classification - Wikipedia
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https://en.wikipedia.org/wiki/Swiss_locomotive_and_railcar_classification
https://en.wikipedia.org/wiki/Swiss_locomotive_and_railcar_classification
https://en.wikipedia.org/wiki/Swiss_locomotive_and_railcar_classification
https://en.wikipedia.org/wiki/Swiss_locomotive_and_railcar_classification
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Historical evolution (II).
Speed.

“CRRC unveils the prototype of the CR450 high-speed 
train to reach an operating speed of 400 km/h” (2025)

0 series
220 km/h (1964)

H5 series:
300 km/h (2016)

Source: Shinkansen Bullet Train Evolution - White Digital Art by Organic Synthesis - Fine Art 
America

High speed 
railway in 
Europe
(TGV, 1981-
2025)

Forty Years of the TGV

Source: CRRC stellt den Prototyp des Hochgeschwindigkeitszuges CR450 vor, der eine
Betriebsgeschwindigkeit von 400 km/h erreichen soll | Neueste Eisenbahnnachrichten
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https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://fineartamerica.com/featured/shinkansen-bullet-train-evolution-white-organic-synthesis.html
https://www.gaugemasterretail.com/rightlines-article/french-tgv-history.html
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
https://de.railmarket.com/news/rolling-stock/28120-crrc-unveils-cr450-high-speed-train-prototype-for-operational-speeds-reaching-400-km-h?region=af
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Historical evolution (III).
Hypothesis capacity.

138 seats, commuter train in Zurich (1950s)

1’070 seats, RV-Dosto RABe 511 (2010s)

105 seats, Thurbo GTW (2010s)

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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Is faster, stronger, and bigger always better? (Excursus).
A cross-industry comparison.

Airbus A 380 (2005, capacity)
Largest passenger aircraft ever built

Concorde (1962, speed)
First super sonic passenger airplane

Source: Concorde was the flying Brexit: a different 
era but the same mistakes | Science | The Guardian

Boeing 747 (1969, capacity),
highly successful

Boeing 787 (2009, efficiency),
highly successful

Source: Airbus A380: End of a multibillion-dollar dream – DW –
12/16/2021
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https://www.theguardian.com/science/political-science/2017/jul/21/concorde-was-the-flying-brexit-a-different-era-but-the-same-mistakes
https://www.theguardian.com/science/political-science/2017/jul/21/concorde-was-the-flying-brexit-a-different-era-but-the-same-mistakes
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
https://www.dw.com/en/airbus-a380-the-end-of-a-multibillion-dollar-dream/a-60124995
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The planning triangle.
The integration of the system defines its performance.

− Today: A «Deep» dive into the world of rolling stock.

− Rolling stock as one of the three elements of the 

planning triangle.

− Rolling stock must be a major element in optimising the 

overall railway system…

− … but it is also limited, as without the other elements, 

the optimisation of rolling stock might not have the greatest 

impact on the improvement of the overall system.

− Efficiency = Integration.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



2. Technical aspects.
How does modern roll ing stock work?



Autumn 2025 EPFL Railway systems and their transition - Peter Kummer 14

Types of train composition (I).
An overview of three fundamental concepts.

Locomotive-carriage Push-pull train (controller & power trailer) (Electric) Multiple Unit, (E)MU

Passenger

Cargo

&

Traction Usage Traction & usage
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fuel cell hydrogen tank

battery

+ High energy efficiency

+ Sustainable (source-dependent)

+ No power container required on 

board

- Electric infrastructure 

required (catenary)

+ No line infrastructure needed

+ high volumetric energy density

- Low energy efficiency

- Not sustainable

- Noise and vibration

+ No line infrastructure needed

+ Comparably high range (up 

to 1’000 km)

+ Sustainable (source-dependent)

+ Fast charging (500km in 15min)

+/- medium volum. energy density

- High cost for train and 

hydrogen

+ No line infrastructure needed

+ Interoperability with electric 

infrastructure (catenary)

+ Sustainable (source-dependent)

+ high energy efficiency

- Comparably low range

(up to 150 km)

- low volumetric energy density

Electric Diesel Battery Hydrogen (fuel cell)

Source: Akku-Züge
Source: ABB Traction Battery Pro Series

Source: Bahnonline.ch

Propulsion systems.
Advantages and disadvantages.

Source: ScienceDirect

Source: Alstom Coradia iLint

https://www.erixx-holstein.de/unternehmen/akku-fahrzeuge/
https://www.erixx-holstein.de/unternehmen/akku-fahrzeuge/
https://www.erixx-holstein.de/unternehmen/akku-fahrzeuge/
https://www.erixx-holstein.de/unternehmen/akku-fahrzeuge/
https://www.youtube.com/watch?v=iIg_-skojXs
https://www.youtube.com/watch?v=iIg_-skojXs
https://www.bahnonline.ch/3539/sbb-prueft-elektrifizierung-der-cargo-diesel-rangierlok-am-843/
https://www.bahnonline.ch/3539/sbb-prueft-elektrifizierung-der-cargo-diesel-rangierlok-am-843/
https://www.sciencedirect.com/science/article/abs/pii/S0306261923017750
https://www.sciencedirect.com/science/article/abs/pii/S0306261923017750
https://www.alstom.com/de/our-solutions/rolling-stock/coradia-ilint-der-weltweit-erste-wasserstoffzug
https://www.alstom.com/de/our-solutions/rolling-stock/coradia-ilint-der-weltweit-erste-wasserstoffzug


3. Rolling stock 
conceptualisation.
What requirements does roll ing stock need to meet?



- The Railway Undertaking (RU) is (mostly) the owner and 

operator of rolling stock.

- The RU, like any other company, sells and produces a 

product, which is the transportation of people or goods.

- The RU aims to fulfil customer needs (Market)…

- … and while optimising production (Operation).

- This fundamental motivation leads to specific 

requirements for rolling stock.

18

Railway Undertaking (RU).
The role you need to understand.

Market

Operation

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



3.1 Service design.
What drives service design and why is this def ining for 
roll ing stock?



- The demand depends mainly on spatial patterns (city to 

city)

- The RU aims to leverage demand potential and align it 

with the corresponding supply.

- The supply will follow a service design with a defined 

capacity and Level of Service (LOS). LOS SBB:  0% of 

passengers standing on long-distance routes, 15% 

standing on regional routes (peaks).

- Conclusion: Demand determines the service design.

20

Demand.
What are the interests of the RU?

Demand prognosis: Development 2023 - 2050 based on the «Verkehrsperspektiven 2050» 
of the Swiss federation. Total increase in Pkm is +34% across Switzerland.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



Demand determines service design.
And the service design elements.

Stopping
design

Line
capacity

Frequency

Temporal capacity

Demand
(and its development)

Service 
design



Service design determines rolling stock.
And the trade-offs in its conceptualisation.

Stopping
design

Line
capacity

Frequency

Temporal capacity

Service
design

Rolling stock 
conceptualisation



3.2 Trade-offs in rolling stock 
conceptualisation.
What trade-of fs do we face in roll ing stock 
conceptualisation? (From why to how).



- Doesn’t move independently

24

- Move independently

What do you want to transport?
Passengers or cargo?

Passengers (we’ll come back to later) Cargo

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Only locomotive-carriage type trains are used which 

leads to high shunting effort.

- Cargo rolling stock is highly dependent on the properties 

of the goods, such as solid goods on pallets, solid loose 

goods (mineral, agricultural products, …), liquids, bulky 

items, …

- Cargo rolling stock is often not owned by the RU, instead, 

rental models are widely used, allowing for flexibility 

in what can be transported without the need for trade-

offs.

- Shunting locomotives are required for efficient operation.

25

Cargo rolling stock (Excursus).
Rolling stock is specialized.

Source: Recherche de type de wagon | CFF

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.sbbcargo.com/fr/centre-clients/tools/wagentypen-suche.html
https://www.sbbcargo.com/fr/centre-clients/tools/wagentypen-suche.html
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Trade-Offs for passenger trains.
Levers of rolling stock conceptualisation.
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Technical parameters
- Speed
- Acceleration
- Weight
- Tilting technology

Processes
- Passenger changing times
- Clearance
- Coupling
- Maintenance
- Cleaning

Capacity
- Number of floors
- Train length
- Train width
- Seat share 1.& 2. class (or other comfort classes)
- Share of seats and standing place

Comfort
- Driving comfort (stability)
- Equipment (power outlets, tables, cell phone signal)
- […]

Technical 
parameters

Processes

Capacity Comfort

Costs
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Technical parameters (I).
Speed and Acceleration.

Source: ETR 1000 (ETR 400 alias „Frecciarossa 1000“) Hochgeschwindigkeitszüge
Source: Mein erstes Bild eines Dosto RV zeigt den RABe 511 103 am 22.6.12 bei Gland - 
Bahnbilder.de

ETR 1000 
Frecciarossa

Vmax =
350 km/h

Max. Acc. =
0.7 m/s2

RABe 511 Vmax =
160 km/h

Max. Acc. =
1.1 m/s2

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.hochgeschwindigkeitszuege.com/italien/etr-400.php
https://www.hochgeschwindigkeitszuege.com/italien/etr-400.php
https://www.hochgeschwindigkeitszuege.com/italien/etr-400.php
https://www.hochgeschwindigkeitszuege.com/italien/etr-400.php
https://www.bahnbilder.de/bild/schweiz~triebzuege~rabe-511-rvd/614529/mein-erstes-bild-eines-dosto-rv.html
https://www.bahnbilder.de/bild/schweiz~triebzuege~rabe-511-rvd/614529/mein-erstes-bild-eines-dosto-rv.html
https://www.bahnbilder.de/bild/schweiz~triebzuege~rabe-511-rvd/614529/mein-erstes-bild-eines-dosto-rv.html
https://www.bahnbilder.de/bild/schweiz~triebzuege~rabe-511-rvd/614529/mein-erstes-bild-eines-dosto-rv.html
https://www.bahnbilder.de/bild/schweiz~triebzuege~rabe-511-rvd/614529/mein-erstes-bild-eines-dosto-rv.html


- Tractive Force (TF) is decisive for acceleration.

- Tractive Force depends on the weight of the train or more 

precisely, the axle load.

- A higher weight results in increased friction, which in turn 

leads to higher acceleration.

- However, it also results in greater wear on the 

infrastructure (trade-off).

- Tractive Force Diagram (Excursus): This diagram 

illustrates the tractive force of a specific train at each speed.

In the left part, friction is the limiting factor, while in the right 

part, it is the engine power. 28

Technical parameters (II).
Weight.

Tractive Force (TF) Diagram RABe 511

TF for acceleration (peak & permanent power)

TF for breaking (fully loaded and normally loaded)

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Tilting technology allows for faster driving speeds on 

curves.

- This results in time savings on existing tracks (green), 

in contrast to infrastructure investments (red).

- An example of ICN (Inter City Neigezug) in the context of 

the «Bahn 2000».

- The goal is «as fast as required» (not as fast as possible) 

to minimise time for the integration into interval timetables.

- This provides a very good illustration of the dependencies 

within the planning triangle (infrastructure, rolling stock 

and timetable).

29

Technical parameters (III).
Tilting technology.

Datei:Bahn2000-logo.svg

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

 System travel times60’ 60’ 75’

http://upload.wikimedia.org/wikipedia/de/c/c0/Bahn2000-logo.svg
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Processes (I).
Passenger changing times and clearance.

Source: Desiro ML ÖBB Cityjet de

Local train (S-Bahn), 6 doors

Regional train, 4 doors

ICN (1999)

0.8m

FV-Dosto (2012)

1.3m

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://assets.new.siemens.com/siemens/assets/api/uuid:34b1300a-d5b6-494d-8365-ab79949416dc/Desiro-ML-OEBB-Cityjet-de.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:34b1300a-d5b6-494d-8365-ab79949416dc/Desiro-ML-OEBB-Cityjet-de.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:34b1300a-d5b6-494d-8365-ab79949416dc/Desiro-ML-OEBB-Cityjet-de.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:34b1300a-d5b6-494d-8365-ab79949416dc/Desiro-ML-OEBB-Cityjet-de.pdf
https://assets.new.siemens.com/siemens/assets/api/uuid:34b1300a-d5b6-494d-8365-ab79949416dc/Desiro-ML-OEBB-Cityjet-de.pdf


- Current Situation: Many different coupling systems, physically and 

electronically.

- Screw coupling has been the standard for over 100 years. This 

consequently leads to a high shunting effort, especially in the cargo 

sector.

- Current Processes: Heterogenous and manually.

- Expensive, complex and dangerous.

- Future Processes (ideally): Standardized and automated.

- Cost-effective, simple and safe.

- The “Digital automated coupling” project is particularly relevant for 

the cargo sector.

31

Processes (II).
Coupling.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Maintenance and cleaning are important process 

elements.

- Every 1-2 weeks a train undergoes routine 

maintenance, taking from a view hours up to a day.

- Every 1-2 weeks a train is subject to an exterior 

cleaning process (washing plant).

- The interior cleaning is a highly standardised process, 

typically conducted manually.

- There is an interest in keeping maintenance and cleaning 

processes efficient and simple (time and cost-saving) by 

the design of rolling stock.

32

Processes (III).
Maintenance and cleaning.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- A train is a «box» for transportation where capacity in its 

simplest form is defined by height * length * width.

- Height is limited by the structural gauge and comes with two 

distinct options: single-deck or double-deck.

- Length is primarily limited by platform length (but also other 

factors) and can be defined in two ways: The physical vehicle 

length or the operational length (multiple traction).

- Width is constrained by the structural gauge which depends on 

the track width.

- The «box» will contain usage space, but space for technical 

components (traction for example) is also required.

- Usage space can be optimised for different requirements.

33

Capacity (I).
Number of floors, train length and train width.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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Capacity (II).
Seat share 1st/2nd class (or other comfort classes).

Source: vagonWEB » Descriptions » Seat map SBB

Apm_1090: first class, 60 seats per coachBpm_2090: second class, 78 seats per coach

FV-Dosto, RABe 502

First class, av. 59 seats per coach (total 176)second class, av. 100 seats per coach (total 401)

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.vagonweb.cz/popisy/mista/mista.php?k=SBB&lang=en
https://www.vagonweb.cz/popisy/mista/mista.php?k=SBB&lang=en
https://www.vagonweb.cz/popisy/mista/mista.php?k=SBB&lang=en
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Capacity (III).
Space share seating/standing.

EW IV, long distance traffic Flirt, regional traffic

ÖV: Neue Innenausstattung schafft mehr Platz in der 
Stadtbahn Zug

Subway, urban traffic

Berliner U-Bahn, Innenansicht Baureihe H - Bahnbilder.de

Comfort
Capacity

Calculations:
1.7 seated passengers / m2

EU-Norm:
2 - 6 standing passengers / m2

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
https://www.luzernerzeitung.ch/zentralschweiz/zug/oev-neue-innenausstattung-schafft-mehr-platz-in-der-stadtbahn-zug-ld.33016
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4. Acquisition and life 
cycle management.
How to acquire and manage the asset?



Phases of a train’s life (Life cycle overview).
Acquisition and Life cycle management.

1. Acquisition
2. Entering 

service
3. Service I

4. Mid life 
measures

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

year -9 year 0 year 5 year 15 year 25

year 25

year 32 […]

Source: Stadler will manufacture FLIRT Evo trains for Switzerland - Railway Supply
Source Abbruch Bahnwagen + Asbestsanierung

https://www.railway.supply/en/stadler-will-manufacture-flirt-evo-trains-for-switzerland/
https://www.railway.supply/en/stadler-will-manufacture-flirt-evo-trains-for-switzerland/
https://www.railway.supply/en/stadler-will-manufacture-flirt-evo-trains-for-switzerland/
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung


4.1 Acquisition.
Why is it a special market and a str ict process?



- The rolling stock market is an oligopoly (characterised by a 

few manufacturers).

- The industry faces high entry barriers (including capital, 

specialised knowledge, and time constraints).

- The expected demand for rolling stock in Central Europe 

is higher than the expected supply.

- The market is nationalised; with observable tendencies 

towards protectionism.

- The availability of specified products is limited, which 

results either in a restricted range of options or a significant 

engineering effort if a train needs to be highly specialized.
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Rolling stock market.
An oligopoly with its specialities.

Global rolling stock market is expanding | Latest Railway News

CN
FR, CA

DE

RU
CH

US, cargo

US, cargo

RU, cargo

ES

JP, IT

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://railmarket.com/news/insights/35792-global-rolling-stock-market-is-expanding-the-top-ten-manufacturers-control-70


1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

- A public call for tenders is mandatory 

by law (simap.ch).

- The RU defines the requirements for 

the train.

- There is a lack of limited participation by 

manufacturers, which could result in no 

contract or being «forced» to take the only 

offer.

- The process concludes with the 

approval and the delivery of the first 

train to enter service.

41

Acquisition Process.
Public call for tenders mandatory by law.

year 15 year 25 year 30 […]

1st train

approval

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

year -9 year 0 year 5



Acquisition (Flirt Evo: Example I).
Regional train, single deck, Vmax= 160km/h.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

107 181
155

24

10

33

Base quantity 
286 vehicles

Remaining 
option rights

Repeat orders 
43 vehicles

year 15 year 25 year 30 […]
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year -9 year 0 year 5



Acquisition (Flirt Evo: Example II).
Homogenisation of fleets.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

B
a

s
e

 o
rd

e
r

R
e

p
e

a
t 

o
rd

e
r

Heterogenous
EMUs

Homogenous
EMUs

Homogenous
EMUs

+

(Devided into 4 Sub-Fleets)

(Devided into 6 Sub-Fleets)

(Devided into 3 Sub-Fleets)

(3- & 4-coach option)

year 15 year 25 year 30 […]
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Acquisition (Flirt Evo: Example III).
Strategic goals.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Prio 1. Multiple units fulfil the vehicle concept 

resulting from the expansion steps (including 

journey times, stopping times and capacities).

Prio 2. Multiple units are based on a platform 

vehicle that has been developed and tested in 

operation and is ideally already in use in 

Switzerland, Germany and/or Austria. 

Prio 3. Multiple units will be available for 

commercial use in the required quantity and 

quality from December 2025 and will support 

the planned renewal of concessions.

Prio 4. Investment and operating costs must 

not exceed the value of the end-of-life vehicles 

being replaced.

Prio 5. Customers benefit from modern, 

reliable and cost-effective rolling stock.

year 15 year 25 year 30 […]
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year -9 year 0 year 5



Acquisition (Flirt Evo: Example IV).
Minimization of technical innovation for risk reduction.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Natural cooling substance Water treatment installation with distillation of 
wastewater

Energy-efficient converter and main transformer 
on the roof

Etandardised coupling (Scharfenberg Type 10)

ETCS system GUARDIA (ETCS baseline 3 Release 2) for 
operation at level 0,1,2 and partially PZB

TIMS as a customer information system New concept of the multifunctional zone

year 15 year 25 year 30 […]
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year -9 year 0 year 5



Acquisition (Flirt Evo: Example V).
Maquette.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

year 15 year 25 year 30 […]

46Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

year -9 year 0 year 5



Acquisition (Flirt Evo: Example VI).
Type tests.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

year 15 year 25 year 30 […]
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year -9 year 0 year 5



Acquisition (Flirt Evo: Example VII).
Proof of maintenance and training.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

year 15 year 25 year 30 […]
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year -9 year 0 year 5



Acquisition (Flirt Evo Example VIII).
Media events.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

year 15 year 25 year 30 […]

49Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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4.2 Life cycle management 
(LCM).
How to manage the whole l i fe cycle?



- The acquisition cost (purchase price) accounts for 

only around 20% of the overall costs incurred 

throughout the entire life cycle of a rolling stock asset.

- Rule of thumb: At the time of acquisition

- only 20% of costs are incurred

- while 80% of costs are determined

- Goal: Optimisation of costs, benefit and risks 

throughout the whole life cycle.

- Synchronization across fleets as seen with the 

numerous vehicles of different types and ages in the SBB 

passenger RU.

Why LCM?
Optimization throughout the whole life cycle.

188 locomotives
1’992 coaches

594 EMUs
(with 2901 coach bodies)

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Replacement fleet
Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Goals:

- Bring all vehicles into service with the expected performance.

- Verify all contract terms (deficiencies and warranty).

- Challenges:

- Adaptation to «teething troubles».

- Education of operating staff (documentation).

- Resources for the takeover of all vehicles.

- Maintenance during the first three to five years by the manufacturer.
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Entering Service.
FV-Dosto example.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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Entering Service.
FV-Dosto example.

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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- Goals:

- Achieve performance at the best possible level of service 

(«working horse»).

- Optimize maintenance and other cost-driving factors.

- Challenges:

- Obsolescence of systems (no further availability).
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Service I/II.
RABe 511 example (RV-Dosto).

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Av. km per EMU per year [1000 km]

Expected lifetime of the fleet 39 years (2011 – 2050)

Expected av. vehicle lifetime 32 years

Number of EMUs

“Cost-efficient operation with high availability”
Mission statement RABe 511 RV

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Goals

- Readiness for the second service period.

- Determine decommissioning.

- Challenges

- Corrosion remediation.

- Technical weaknesses and obsolescence of systems 

(no further availability).

- Upgrade to customer expectations (comfort, 

interior).
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Measures of mid life (MML).
RABe 511 example (RV-Dosto).

new

old

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer
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The life expectancy of trains decreases (Excursus).
MML instead of modernizations.

Expected service years: 40 Expected service years: 25 (-32,
with life span extension)

What is feasible?
What is reasonable?
What is sustainable?

Modernization
MML / 
«refit»

Source: Entwicklung des Volkswagen Golf : r/Volkswagen

Technical Complexity

Speed of technological
development 

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.reddit.com/r/Volkswagen/comments/1bpt0bv/evolution_of_volkswagen_golf/?tl=de
https://www.reddit.com/r/Volkswagen/comments/1bpt0bv/evolution_of_volkswagen_golf/?tl=de
https://www.reddit.com/r/Volkswagen/comments/1bpt0bv/evolution_of_volkswagen_golf/?tl=de


58Replacement fleet

- Goals:

- Achieve the best LCM efficiency.

- Ensure seamless fleet replacement.

- Optimise the decommissioning process.

- Challenges:

- Predictability of replacements.

- Determining what and when to do investments in 

old vehicles?

- «Uncomfortable surprises».

Life span extension and decommissioning.
EW IV example.

Reasons for train failures

Boarding system 
(doors)

Breaks

Other

Energy system

Source: Abbruch Bahnwagen + Asbestsanierung

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

1. Acquisition
2. Entering 

service
3. Service I

4. Measures of 
mid life (MML)

5. Service II
[5a optional] 

Lifespan 
extension

6. 
Decommissioning

https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung
https://www.muehlerecycling.ch/component/speasyimagegallery/album/abbruch-bahnwagen-asbestsanierung


5. Conclusion.
What to take away?



60

1. Rolling stock is part of the planning triangle (which includes service and infrastructure). The 

performance of the overall railway system depends on efficiency and integration of rolling stock.

2. The elements of service design, particularly line design, stopping design, line demand, temporal 

dependencies and frequency lead to specific requirements for rolling stock.

3. The requirements for rolling stock set the «levers» in technical parameters, processes, capacity 

and comfort when conceptualising a train.

4. The acquisition of rolling stock is influenced by a unique market situation (oligopoly) and a process 

regulated by law (public call for tenders).

5. The overall costs and expenses extend well beyond the initial acquisition. The entire life cycle of a 

train comprises many phases, all managed through life cycle management (LCM).

Take-away messages.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



Thank you!
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6. Case study.
How would you conceptualise a train for TILO?



- TILO (Treni Regionali Ticino Lombardia) is an RU that operates cross-border regional 

services in the canton of Ticino and the Italian region of Lombardy. It is jointly owned by 

SBB and Italy’s Trenord, with each holding a 50% stake. Its headquarters are in Bellinzona.

- Demand for the TILO network is developing positively. By 2050, demand across Switzerland 

is expected to develop by an average of +35%. The RUs currently operate 383 connections 

a day on the network and aim to increase this to 478 connections in the future (+95 

connections, +25%). To achieve this, TILO requires new rolling stock to implement the 

expansion of its services. The existing rolling stock, consisting of 40 Flirt SBB RABe 524 (23 

of which are 4-parts and 17 are 6-parts) will continue to be in operation.

- Customer feedback has been largely positive. Passengers are pleased that investments are 

being made in rail services in the canton of Ticino and in the border region of Lombardy. 

However, they hope that delays will also be reduced and that trains will provide more space 

during busy periods.
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TILO (Treni Regionali Ticino Lombardia) is in need for a new train.
Description of the current situation.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer



- Setting:

- You are the project manager(s) of the acquisition project as an employee of the RU 

TILO.

- Boundary conditions:

- The trains must be capable of operating the specified services (illustration), in addition 

to S60 (narrow gauge).

- Tasks:

- 1. Define strategic goals for the acquisition project.

- 2. Conceptualise the new train systematically for the public call for tenders (what do 

you expect from the manufacturer? What requirements has the train to meet? How 

many do you need?). Justify your decisions and present your solutions adequately.

- 3. Identify challenges regarding infrastructure and interoperability (relation to 

week 3).

- 4. For the motivated: Investigate the rolling stock market to identify one or more 

potentially suitable products that meet your requirements.

64

TILO (Treni Regionali Ticino Lombardia) is in need for a new train.
Task description.

Source: Mappa rete celere ticinese - S-Bahn Tessin – Wikipedia

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://de.wikipedia.org/wiki/S-Bahn_Tessin#/media/Datei:Mappa_rete_celere_ticinese.png
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- Your work should focus on Task 2 (Conceptualisation) which means at around 2/3 of the overall effort.

- The challenge in this task is to

- First: Ask the right questions (which requirements do we need to define?) 

- Second: Find the right answers (how do we define the requirements?).

- The content of this week's lecture (as well as the previous lectures) will assist you in fulfilling the tasks. However, you are encouraged to 

extend your view by internet research.

- Qualitative or relative definitions of requirements are mostly sufficient. However, try to be as specific as possible.

- Acquisition projects typically consist of three roles:

- Overall manager

- Commercial manager

- Technical manager

- Links

- OpenRailwayMap.org
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TILO (Treni Regionali Ticino Lombardia) is in need for a new train.
Helpful information and tips.

Autumn 2025 EPFL Railway systems and their transition - Peter Kummer

https://www.openrailwaymap.org/
https://www.openrailwaymap.org/
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