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What is shared passenger and freight transport?
Introduction

CargoTram in Dresden, Germany (2001-2020)

4
Freight Delivery


Public Passenger Transport

g





♂ g

include via


Shared

Infrastructure
(SI)

or


Shared Vehicles
(SV)

Greyhound Package Express (USA)
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Current pilot projects in Germany
Introduction

LastMileTram, Frankfurt (Main)
Start: 2018

http://www.relut.de
7.5.2019 Logistiktram: Frankfurter Straßenbahnen sollen Pakete transportieren

https://www.faz.net/aktuell/rhein-main/logistiktram-frankfurter-strassenbahnen-sollen-pakete-transportieren-15793349.html 1/5
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Hans Riebsamen
Redakteur in der Rhein-Main-
Zeitung.

ltere Frankfurter erinnern sich an die Post-Bahn. Diese Straßenbahn beförderte Briefe und
Päckchen vom Hauptbahnhof zum Postamt auf der Zeil. Auch auf der heutigen U-Bahn-

Strecke nach Oberursel wurden Güter befördert: Motorenteile etwa oder Zuckerrüben. Hier
zogen spezielle Lokomotiven die Güterwagen.

Nun greift die Verkehrsgesellschaft Frankfurt (VGF) zusammen
mit zahlreichen Partnern die Idee einer Logistiktram wieder auf.
Am Montag haben ihre Erfinder demonstriert, wie die
Straßenbahn als Lastesel eingesetzt werden kann. Im VGF-
Depot im Gutleutviertel beluden sie eine normale Straßenbahn
mit zwei großen Transportkisten und fuhren diese zur Messe,
wo sie wieder ausgeladen wurden.

Mehr Pakete durch Internethandel

Das alles sah noch etwas kümmerlich aus, denn eine Straßenbahn zum Transport von gerade
einmal zwei Kisten einzusetzen stellt gewiss keine Revolutionierung des Güterverkehrs dar.
Doch das Projekt steckt nach Angaben der VGF und ihrer Partner noch in den Kinderschuhen.
Am Montag habe man nur ein Zeichen setzen wollen, sagte VGF-Geschäftsführer Michael

EXPERIMENT IN FRANKFURT

Die Straßenbahn soll Pakete
transportieren

Bis in die sechziger Jahre hinein haben Straßenbahnen auch Güter transportiert.
Frankfurt experimentiert jetzt wieder mit einer Logistiktram und kann dabei von
den bereits gesammelten Erfahrungen profitieren.

Frankfurt am Main 13°

Rhein-Main Logistiktram: Frankfurter Straßenbahnen sollen Pakete transportieren

Rhein-Main

RUBRIKEN FRANKFURT REGION UND HESSEN WIRTSCHAFT SPORT KULTUR VERANSTALTUNGEN

LogIKTram, Karlsruhe
Start: 2021

www.logiktram.de

Cargo-Tram, Berlin
Start: 2021

BVG flirting with cargo trams

Putting cargo on streetcar tracks isn't new, but could help
alleviate the new headache of increasing delivery tra�c.

Peter Neumann, 11.5.2021 - 06:31 Uhr

Artikel anhören

Mobility

dpa/Paul Zinken

Does the cargo have to wear a mask too? 

Berlin - Cargo, the old German ad claims, belongs on the rails.
And now maybe in Berlin too: Public transport agency BVG is
testing streetcars as possible cargo trains to potentially
eliminate conflicts between Berlin tra�c and delivery
vehicles.

Project partners recently met for an initial test at the streetcar
depot in Siegfriedstraße in Lichtenberg before planning a

empfohlen von

Abonnieren
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Finding a demand-oriented train schedule
Optimisation model

 + ♂
How can we effi-

ciently schedule pas-
sengers and freight?
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▶ Circular bi-directional single route
▶ Given passenger demand as traffic flow (arrival and alighting rate)
▶ Given freight demand, i.e., freight containers with

- individual release time
- soft (and hard) deadline
- destination stop
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Linear program: Decisions
Optimisation model

Depot
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�
Aperiodic train schedule

▶ Departure dv,s ≥ 0 of vehicle v at stop s
▶ Arrival av,s ≥ 0 of vehicle v at stop s
▶ Dwell time hv,s ≥ 0 of vehicle v at stop s
▶ Is vehicle v operating (ov = 1);

or not (ov = 0)?


Freight allocation

▶ Assign individual freight requests to vehicles
▶ Is request r loaded to vehicle v at stop s

(yr,v,s = 1); or not (yr,v,s = 0)?
▶ Accept (ur = 1) or reject (ur = 0) request r?
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Linear program: Lexicographical objective
Optimisation model

S: stops, P: periods, R: freight requests, P: rejection penalty

lex min

{∑
s∈S

∑
p∈P

ws,p

|S| · |P| ,
∑
r∈R

tr

|R| + P · (1 − ur )

}
(1)

♂
1st objective:

Passengers have priority!
▶ Minimize number of waiting passengers wsp

across stops s and periods p


2nd objective:

Reduce freight delay
▶ Minimize delay tr of freight request r
▶ Minimise the number of rejected requests

(ur = 0)

Constraints: Headway times, dwell times, service times, capacity, etc.

Lena Hörsting Planning Shared Passenger and Freight Transport on a Fixed Infrastructure 5



Linear program: Capacity restrictions
Optimisation model


Vehicle capacity

Kay Dreyer, HfG Offenbach, 2019

/
Dwell time

J. Schwarze, HfG Offenbach

�
Station capacity

Porstner u. Qu, 2019

Image sources: Schocke et al., 2020
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Optimisation results with solver
Optimisation model

time 1st objective 2nd objective
periods stops containers (sec.) sec. value gap sec. value gap

60 14 0 2091 2091 5.59 0 0 0 0
60 14 10 1604 1554 5.59 0 49 0 0
60 14 20 2522 2502 5.59 0 20 0 0
60 14 30 35067 2658 5.59 0 32400* 0.1 1
60 14 40 4444 2825 5.59 0 1619 0.08 0
60 14 50 2117 2048 5.59 0 69 50000.24 0
180 28 0 32482 32471* 74.09 0.96 1 0 0
180 28 10 36147 32476* 43.7 0.93 3670 0 0
180 28 20 38774 32618* 49.64 0.94 6156 0 0
180 28 30 36065 32618* 45.54 0.93 3456 0 0
180 28 40 36106 32618* 51.96 0.94 3628 0 0
180 28 50 37844 32618* 26.04 0.81 5390 0 0

*runtime-limit exceeded
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ALNS
Adaptive Large Neighborhood Search

▶ Definition by Pisinger and Ropke, 2010 ▶ Work of Yin et al., 2021
▶ ALNS for demand-oriented timetabling problem
▶ Each neighbor represents a timetable

▶ This work’s extension
▶ Addition of cargo favouring repair operators
▶ Inclusion of cargo allocation problem

(solved with Gurobi)

Lena Hörsting Planning Shared Passenger and Freight Transport on a Fixed Infrastructure 8



Destroy Operators (Yin et al., 2021)
Adaptive Large Neighborhood Search

Random deletion
▶ Randomly select a vehicle
▶ Remove selected vehicle

st
op

time

removed

Random shift
▶ Randomly select time, direction of shift and

shift interval
▶ Shift all vehicles departure before/after the

selected time

st
op

time

random time
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Repair Operators (Yin et al., 2021)
Adaptive Large Neighborhood Search

Greedy temporal insertion
▶ Detect the largest (feasible) time slot

in-between two vehicles.
▶ Insert vehicle in the centre of the time slot.
▶ Repeat.

st
op

time

new vehicle

max

Greedy passenger demand insertion
▶ Detect (feasible) time slot with highest pas-

senger congestion.
▶ Insert vehicle in the time slot.
▶ Repeat.

st
op

time

st
op

time

de
m

an
d

new vehicle
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Repair Operators (Extension)
Adaptive Large Neighborhood Search

Greedy freight demand insertion
▶ Detect rejected cargo request OR cargo re-

quest with highest delay
▶ Insert vehicle in the next feasible time slot

after cargo request release.
▶ Repeat.

st
op

time
arrival for delayed / rejected cargo request

new vehicle

Increase service time buffer
▶ Detect the vehicle and stop with minimal

slack between service and dwell time.
▶ Increase the dwell time by one time unit.

st
op

time
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Development of the lexicographical objective function
First results

20 iterations 10000 iterations
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Cargo service evaluation for varying capacities
First results

Accepted containers
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▶ Model supports, e.g., estimation of required cargo capacity for stops and vehicles.
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Conclusion


Summary
✓ Bi-objective train schedule and cargo allocation: Passengers first, cargo second
✓ Extension of Adaptive Large Neighbourhood Search by Yin et al., 2021
✓ Integration of cargo allocation problem

�

Next steps
✓ Store and consider intermediate solutions
✓ Different representative instances to consider stochasticity

(currently expected values)
✓ Tram für Kiel: Real data provided by city Kiel
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Thank you for your attention! Questions?

Working paper available at SSRN: https://ssrn.com/abstract=3886691

Contact Information: Lena Hörsting, Q lena.hoersting@bwl.uni-kiel.de, �www.csa.bwl.uni-kiel.de
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