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The brief

> Karlsruhe pioneered tram-train back
in 1992. The technology has since
been developed and taken on by
other cities and regions.

> What is meant by tram-train today?

> We will consider where tram-train
can provide a cost effective solution
and how far available experience
supports the investment case.
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Content

> Success factors of Tramtrain

> The Karlsruhe model — starting
point and latest developments

> Other applications of the
Karlsruhe model in Europe

> Where can tram-train provide a
cost effective solution?

> How far available experience
supports the investment case?
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Success factors of Tramtrain

> High passenger acceptance

> Change of Modal Split —
More passengers (even former car
users) and increase of car use
(CO2) can be slowed down

> Stimulation of regional and urban
development

© TTKGmbH 2011 5
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Karlsruhe transport area - Statistical data (Dec.2009)

> 1.33 Mio. population

> 3,550 km2 area

> 120 cities and municipalities
> Shareholders = 7 cities and districts -
B2 ermersheim Bm(::::heim ll
Menzingen Eppingen
. . Bad Bergzabern Linkenheim-H ochstetten /
> 20 public transport companies o AL T
Worth o

> 226 tram, bus and local railway lines w ot <

Pforzheim

. Rastatt

> 175 Mill. passengers /
> 115 Mill. € fare revenues .dd/
> 85.50 € revenue/inhabitant r s
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Why Karlsruhe started tramtrain?

> Individual initiative

> Vision

> Transportation needs

> The Bretten story will explain it all....

© TTKGmbH 2011 8
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Why Karlsruhe started tramtrain, the Bretten story...

23.800 Inh. (1988)

Erett

Jahlingen

Trains to main station
Interchange to tram
+ 2,0 km

Dirrenkichig

Bssingen

-
=~ —
£
7 A Berghausen
4 A\
5 b Hbf
3

f 28.000 Inh. (2004) + 18 %
Nach 1892 ket
: Marktplatz Jehlingen Tramtrain directly
% to the city
Po b 20° (peak)

Diirrenbiichig

30° (outside peak)

Wissingen
Berghausen @ Existierende Haltepunkte

® Neue Haltestellen

Interchange-free and regular connections until late at night with additional stops
are the pre-condition to motivate car-users to change to PT

© TTK GmbH 2011
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Benefit: Passenger acceptance Bretten before-after

Passengers between Karlsruhe and Bretten

In Tausendin thousands

16 T r ,
14.000 Fahrgiste / Tag)
14 Inbetriebnahme der nauan
[ [Stadtbahnstrecke am 25.9.1992 L
Mew light rail opened on /-"
12 25 September 1982

=

-
g
2
=
a
g
2 10 ST
& 10.300 Fahrgaste / Tag|
o
g 8 $/
"ﬂn 7.600 Fahrgaste { Tag
§ 6
=
E. 4
2.200 Fahrgéste | Tag

=y
s 0

1992 1993 1994 1995 1896 1997

Fahrgéaste pro Tag = passangers/day
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Operations

Long hours of operation
> 05:00 - 01:00/02:00

Continuous, scheduled operation
> Fixed intervals, same recurring
minutes

Interconnected timetables
(bus < rail)
> Buses as feeder services

N W
Comfortable Vehicles \\i\\\\\ alll a
A\ @ N

> Bistro
> panorama windows

Legally a tram in the city and a
train in the region

— passengers don’t care!

© TTK GmbH 2011 11
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The network

HEIDELBERG 690 km network
311 km DB-tracks
154 km leased tracks
Germersheim 224 km own tl‘aCkS
ﬁral;len-f Odenhaim In Betrieb
Riilzhai Hoch- eudar
wizheim O stetten a Uubstadt Menzingen . Schwaigern Ohringen
Inbetriebnahme 2010 O spack PN e
Eggt:n-o Brikfsal Eppingen
i Blagkenloch o H |LBRONN
eetTalsen
68 km
rhoiméla {"IMaulbronn
Muhlacker
Durmersheim g:s:iﬁl;:;‘m'
Rastatt ©Q 5’  PFORZHEIM STUTTGART
Iffezheim Gaggenhu bach " Neuenbiirg
B 5
Ha rrgrj'lalb _DHO{Q"
(U Gerhsbach
Baden- ) :
Airpark Bad Wildbad Karlsruher o>
: Stadtbahnnetz -
STRASBOURG OFofbach StraBenbahn
DB-5trecke
h |
i || 80 km AVG-Strecke (Eigentum)

p In Betrieb
BaiersbronnOJ )
yFreudenstadt Eutingen

AVG-Strecke (von DB gepachtet)
Planung
Verbundraum KWV

18 2002 digbcbe Keriogabe Frask Ra pparthal GrabH, Ko b
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Development of the Tram and Tram-train network in Karlsruhe

Pirmasens

Bad
Bergzabern

Wissembourg (F)

Speyer,
Mannheim
Neustaadt/
WeinstraBe

Network layout 1970

Mannheim Heidelberg
a
A
\ Waghéusel Bad Schénborn
Graben - /
Neudorf
Bruchsal
Blankenloch \
Waldstact N\
Neureut

Rintheirly

Z

~N
SN Karlsruhe Hbf. /
— -
\ Ettlingen Stadt
Ettlingen- -
West
Durmersheim
Rastatt
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenb
i Freudenstadt

Bad
Wildbad

Wilferdingen

Pforzheim

Odenheim
Menzingen

Sinsheim

Neckarelz

[ .

Golshausen

Miihlacker, Stuttgart

Heilbronn Ohringen

Bietigheim-Bissingen,
Stuttgart

Calw

Miihlacker

Bietigheim-Bissingen,
Stuttgart

© TTK GmbH 2011
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Development of the Tram and Tram-train network in Karlsruhe

Network layout 1979

Mannheim Heidelberg
Speyer, - 1
Mannheim o
; Neustaat/ @ Waghéusel Bad Schénborn
Pirmasens WeinstraBe ‘T @e‘;}\ \ g Odenheim
» R\ i
& I3 Menzingen Neckarelz
\? Graben -
Neudorf Sinsheim
Bruchsal —
Blankenloch Heilbronn éh;'ngen
Bad
Bergzabern —_— —_—— —
Waldstadlt N
) Neureut
Wissembourg (F) & Bietigheim-Bissingen,
& Stuttgart
S— NG Rintheirf N
Golshausen
\)\o‘? &r& /
I Miihlacker, Stuttgart

~N
SN Karlsruhe Hbf. / Witterdingen
— R
\ Ettlingen Stadt .
Ettlingen- - Pforzheim
West 5o
Durmersheir, Vﬁ/dbad Bietigheim-Bissingen,
Miihlacker Stuttgart
Calw
Fastal Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstaat

© TTK GmbH 2011

14



Tram-train technologies: concepts and comparisons

Transport
Technologie -
Consult
Karlsruhe GmbH

Development of the Tram and Tram-train network in Karlsruhe

Network layout 1989

Mannheim Heidelberg
Speyer, A A
Mannheim &
; Neustadt/ @ Waghéusel Bad Schénborn
Pirmasens . & \ ‘aghéuse .
Wemstralfie\3 4 T “&\ Hochstetten zdenﬁelm
& °d enzingen Neckarelz
\? Graben -
Neudorf Sinsheim
Leopoldshafen Bruchsal “
6@(‘ Blankenloch Heilbronn éh;'ngen
Bad &
Bergzabern _ ]
et Waldstadlt N
leureu
Wissembourg (F) W Bietigheim-Bissingen,
Stuttgart
N @& < Rintheir}
& Golshausen
& N
,(\é}(\ 2 W /
Q~
Miihlacker, Stuttgart
—_— —
. Karlsruhe Hbf /
arlsruhe Hbf. ilferdi
Rheinstetten/ Wilferdingen
Forchheim Overreut ! - — — 7
Et}/ingen- /Eﬂ/rngen Stadt Plorzheim
West Bad
Durmersheim MZ/dbad Bietigheim-Bissingen,
Catw Miihlacker Stuttgart
Rastatt Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstaat
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Development of the Tram and Tram-train network in Karlsruhe

Pirmasens

Bad
Bergzabern

Wissembourg (F)

Network layout 1992

Mannheim Heidelberg
Speyer, A A
Mannheim &
Neustaat/ ;}\e\ Waghéusel Bad Schénborn )
Wemstralfie\3 AT “&x Hochstetten \ Odenﬁelm
& cd Menzingen Neckarelz
\? Graben -
Neudorf Sinsheim
Leopoldshafen Bruchsal “
Blankenloch Heilbronn Ohringen
Waldstadlt N
Neureut \
Bietigheim-Bissingen,
Stuttgart
\O \,5\1« Rintheir}
& Golshausen
\)\o‘? &r& /

Karlsruhe Hbf.
Rheinstetten/

Forchheim 1 /
Rheinstetten/ \ /Eﬂ/ingen Stadt

Mérsch Ettlingen-

West
Durmersheim
Fasted Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstaat

Miihlacker, Stuttgart

Wilferdingen

Pforzheim

Bad

Wildbad
Miihlacker

Calw

Bietigheim-Bissingen,
Stuttgart
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Development of the Tram and Tram-train network in Karlsruhe

Pirmasens

Bad
Bergzabern

Wissembourg (F)

Network layout 1994

Mannheim Heidelberg
Speyer, A A
Mannheim &
Neustaat/ ;}\e\ Waghéusel Bad Schénborn )
Wemstralfie\3 AT “&x Hochstetten \ Odenﬁelm
& cd Menzingen Neckarelz
\? Graben -
Neudorf Sinsheim
Leopoldshafen Bruchsal “
Blankenloch Heilbronn Ohringen
Waldstadlt N
Neureut \
Bietigheim-Bissingen,
Stuttgart
\O \,5\1« Rintheir}
& Golshausen
\)\oQ &r& /

Karlsruhe Hbf.
Rheinstetten/

Forchheim 1 /
Rheinstetten/ \ /Eﬂ/ingen Stadt

Mérsch Ettlingen-

West
Durmersheim
Fastad Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstaat

Miihlacker, Stuttgart

Wilferdingen

Pforzheim

Bad

Wildbad
Miihlacker

Calw

Bietigheim-Bissingen,
Stuttgart
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Development of the Tram and Tram-train network in Karlsruhe

Network layout 1997

Mannheim Heidelberg
Speyer, A 2
Mannheim Q&
; Neustadt/ @ Waghéusel Bad Schénborn
Pirmasens . & \ ‘aghéuse .
Weinstra Ber(>§ 4 T “&\ Hochstetten Odenﬁelm
:z.“é & Menzingen Neckarelz
V Graben -
Neudorf Sinsheim
Leopoldshafen Bruchsal “
Blankenloch Heilbronn Ohrin gen
Bad
Bergzabern —_— —_— s — e
) Neureut
Wissembourg (F) Bietigheim-Bissingen,

Worth,
Dorschberg

Golshausen

Karlsruhe Hbf.
Rheinstetten/

Forchheim 1 /
Rheinstetten/ \ /Eﬂ/ingen Stadt

Mérsch Ettlingen-

West
Durmersheim
Fastad Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstaat

Miihlacker, Stuttgart

Wilferdingen

Pforzheim

Bad

Wildbad
Miihlacker

Calw

Stuttgart

Bietigheim-Bissingen,
Stuttgart
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Development of the Tram and Tram-train network in Karlsruhe

Network layout 2000

Mannheim Heidelberg
Speyer, a 2
Mannheim & s
i Neustaat/ %) Waghéusel Bad Schénborn
Pirmasens . & \ laghause .
WemstraBe@s AT “&\ Hochstetten AC/)’denllvelm
& Q) lenzingen
\;‘)Q ¢ Graben - Neckarelz
Neudorf Sinsheim
Leopoldshafen Bruchsal “
Blankenloch Heilbronn Oh;ingen
Bad
Bergzabern — — — — — — — — —
Waldstadt
) Neureut
Wissembourg (F) Q@Q Bietigheim-Bissingen,
Stuttgart

Worth,
Dorschberg

Rintheirly

Miihlacker, Stuttgart

Rheinstetten/
Forchheim 1
Rheinstetten/ \
Mérsch Ettlingen-
West
Durmersheim
Rastatt
Baden - Baden Gaggenau Bad Herrenalb
Biihl
Forbach
Offenburg
Freudenstadt

Karlsruhe Hbf. Wilferdingen

/Ett/ingen Stadt Pforzheim

Bad

Golshausen

p> Bietigheim-Bissingen,

Wildbad
Miihlacker

Calw

N\

Ittersbach

Stuttgart
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Development of the Tram and Tram-train network in Karlsruhe

Network layout 2004

Mann
4

Waghéusel

Speyer,
Mannheim ©
i Neustadt/ @
Pirmasens p & \
Wemstraliz; AT \‘&‘ Hochstetten
& &
V
Leopoldshafen
Bad
Bergzabern
Neureut Waldstadt
Wissembourg (F)

Graben -
Neudorf

Rintheirfy

heim Heidelberg
\ Fort 1
Hambriicken
“ Bad Schénborn
Odenheim
Menzingen Neckarelz
Bruchsal Sinsheim T
Blanken- Heilbronn Ohringen
loch

Bietigheim-Bissingen,
Stuttgart

Golshausen

Karlsruhe Hbf.

Rheinstetten/
Forchheim 1
Rheinstetten/ \ /Eﬂ/ingen Stadt
Mérsch Ettlingen-
West
Durmersheim
Rastatt,
Baden - Baden Gaggenau Bad Herrenalb
Biihl / Achern
Forbach
Offenburg
Freudenstadt

Ittersbach

Miihlacker, Stuttgart

Wilferdingen

Pforzheim

) Bietigheim-Bissingen,
Miihlacker Stuttgart

Bad
Wildbad
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Development of the Tram and Tram-train network in Karlsruhe

Network layout 2006

Mannheim Heidelberg
Speyer, & Fort 1
Mannheim & Hambriicken .

Pirmasens Avﬁ;ﬁéatl rdat;i . 4 ) ;}\e \ Waghéausel Bad Schénborn Odenheim

R T e“& Hochstetten Mengingen
& & 9 Neckarelz
P Graben -
Neudorf Bruchsal Sinsheim
Leopoldshafen
o Blanken- Heilbronn Ohringen
a
Bergzabern — — — — — — ) foch
Neureut Waldstadt
" X \ A /
Wissembourg (F) Nordstadt §° Bietigheim-Bissingen,
N Stuttgart
NG Rintheir ®
& & Gdlshausen
» N Durlach
k | Miihlacker, Stuttgart
Wolfartsweier /
Karlsruhe Hbf. i i
Rheinstetten/ / Wiiferdingen
Forchheim - _ . __ 7/
Rheinstetten/ \ Ettlingen Stadit p
Mérsch Ettlingen- - Pforzheim
West
Durmersheim ) Bietigheim-Bissingen,
Miihlacker Stuttgart
Bad
Rastatl Ittersbach Wildbad
Baden - Baden Gaggenau Bad Herrenalb
Biihl / Achern
Forbach
Offenburg
Freudenstadt
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Development of the Tram and Tram-train network in Karlsruhe

Speyer,
Mannheim
Neustadt/
WeinstraBe ‘&\‘)

A
N
& T &
N\ )
NS

Pirmasens

Bad
Bergzabern

Wissembourg (F)

&

N
‘\Q

Network layout 2013

Mannheim Heidelberg
& Fort 1
Hambriicken
Waghéusel Bad Schénborn )
Hochstetten \ Oden{re:m
Menzingen Neckarelz
Graben -
Neudort Bruchsal Sinsheim
Leopoldshafen
Heilbronn Ohringen
Neureut
v
Nordstadt Bietigheim-Bissingen,
Stuttgart
Golshausen
Miihlacker, Stuttgart

Karlsruhe Hbf.
Rheinstetten/
Forchheim 1 /
Rheinstetten/ \ /Eﬂ/ingen Stadt
Mérsch Ettlingen-
West
Durmersheim
Fasted Ittersbach
Baden - Baden Gaggenau Bad Herrenalb
Biihl / Achern
Forbach
Eutingen
Offenburg
Freudenstaat

Bad
Wildbad

Wilferdingen

Pforzheim

) Bietigheim-Bissingen,

Muihlacker Stuttgart
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Commercial success

16.000
14.000
12.000
10.000

8.000

6.000

4.000

nachher after
2.000

vorer  hefore
0

Bruchsal- Karlsruhe- Karlsruhe- Karlsruhe- Karlsruhe-
Menzingen/ Wirth

Baden-Baden Pfinztal Bretten
Odenheim (nur 3)

© TTK GmbH 2011 23

ooooooooo
ooooooooooooooooooooo
........



Tram-train technologies: concepts and comparisons

oo
oooooooooooooooooooo
oooooooooooooooooooo

88 222433° 088°  Technologie-
...............

Content

> Success factors of Tramtrain
> The Karlsruhe "1“@@‘@{ — starting
point and levelopments

> Other appllcatlons of the
Karlsruhe model In Europe

P\ e b‘l U
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Tramtrain in the greater Kassel area

> Opening in 2006
4 lines

> Based on an existing
tram network

\%

> |nnovation: Diesel-
electric vehicle

Vellmar-Ostorberg/ (0 "o
Einkau's;entmm R L
+

Kassel-{ungferakopfl.
mim“l‘gn

: " /

- - Kassel- & :
« Sgchenkebierstanne ]
t ta g8 P

-

. Kassel-Christ- s
ﬁ?chensuagg I’.T
e .

Harleshauser Kurve
15 kV
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Tramtrain in the greater Saarbricken area

> Opening 1997
> |nnovation: First tramtrain
low floor vehicles

> 28 vehicles, which were

not used for a longer time e
> Several delays during the i,
construction: The whole ot A
project will come into -
service 201x !l 0 I
> Tramtrain operation to -y M)"“
France, Saarguemines “BT il g
station —
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Tramtrain in Europe — Mulhouse
Real tramtrain — dual voltage — tracksharing with heavy rail

COUT DES INVESTISSEMENTS

La carte de la premiére phase Ic.:;rl:\rr::tl;ssement en infrastructure s'éleve a 77 M€

Linvestissement en matériel roulant s'éléve & 54 M

; _ Amélioration de la desserte TER

courants pour 12 rames de tram-train.
Q Kruth
Muséag  Nouvelle station
A oderen o Electrification
Fellering - 005
- GOrTespondance quai a quai mmmm  FExtensions du ramway
" 1ingQ TER = tram=train a Thann Nord PP
Mise en muvre du tram=train A35
Opening line 1: . g
Bitschwiller-les=Thann §{ | Bosquets du Roy
Thann Nord =
0. Vieux=Thann
Tlmn-emm Yo Mitites :
Viswse=Thann Z g
o .--. . . A36
Graffenwald (Wittelsheim) Rattachement |§ jonquilles
Mulhouse

Illhuuse Gare

Trains directs cadencés a I'heure Coteaux
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Tramtrain in Europe — Lyon West
“semi-tramtrain” - Operation only on heavy rail tracks under 25 kV —

no service in the tram network — TER replacement

T 1 e R R

T

b
-

Projet périurbain
de I'Ouest lyonnais -

Planned opening:
2011

Gares Chemin de fer
@ gare ou halte actuelle de I'Est lyonnais
@ gare ou halte supprimée LEA / LESLYS
@ gare dinterconnexion Transports en
@ nouvelle gare urbains (TCL / SYTRAL)
Réseau routier Métro
~—— Tramway
- autoroutes
nationales Pénmétre des
départementales transports urbains
u ferroviaire
Réseau de 1'Ouest
» lyonnais
Réseau ferroviare "l
Autres gares

OGN - 0 CARTOD -
PP L P Echelle 11 cm=1.3.km AR, e R ?'7./:1 = (R i .~ 35 SLY
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Tramtrain in Europe — Lyon Leslys (Airport link)
“Tram rapide” — not really tramtrain — 750 V only, 100 km/h — no
heavy ra|I track sharmg

f T r ¥ i A il ™ -
X ' | Xy e ; e
e 15 AL W 4 il ¥ - s o i -

I—J:Eiﬂ?'tiim b W o _'- ~ SRR - Meyzieu '?-r -

In service @ : .- Ty - ‘F AT v Aéroport Lyon-
since 2010 |t EN* S A4 e T SRS R T Saint Exupery
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Content

> Success factors of Tramtrain

> The Karlsruhe model — starting
point and latest developments

> Other ap pHQQMQS of the
Karlsruhe model in Europe

> Where can tram-train prowde a
cost effective solution?

> How far available c\pcumcc
supports the investment ca

(/;
o
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How can tram-train provide a cost effective solution?

> Tramtrain in itself is not cheap!

> Tramtrain should be based on an
existing tram system

> Use “underperforming” regional railway
infrastructure

> Need a certain density of population

> Can not simply replace heavy rail
services

> Should not be overloaded with high track
access fees (railway side)
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Infrastructure Cost Savings: Short Platform

General Rule:
Platform length = vehicle length

For double units, a length of 80 m is
required

At (very) low demand stops, the
solution was a 20 m “short“ platform

> 60% cost savings
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Infrastructure Cost Savings: Passenger Access

Rule on DB tracks:
No level crossings, but step free
access

> Ramp length at least 80m

Solution: level crossings, secured by
signals if necessary

> Standard on AVG tracks
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Vehicles and cost...

Karlsruhe: 30 (+30 options) new vehicles
ordered from Bombardier (fulfilling all new
norms) will come in 2012

> Price per vehicle is about 4.3 million €

> Acceptable in comparison to many other
tramtrain projects

Alstom Dualis: Large SNCF order (approx.
200 units)

> Price for the Nantes vehicle is about 3.5
million €

> Large fleet sizes reduce the investment

Other examples
> Léon: 6.18 million €/vehicle

> Brunswick (Project cancelled): 7.1 million
€/vehicle

> Alicante: 4.0 million €/vehicle
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Content

> Success factors of Tramtrain

> [he K LMSL{IQIXNJC{;SUQkUXQ
|
d

point and latest developments
> Other applications of the
Karlsruhe model in Europe

> Where can tram-train provide a
cost effective solution®

> How far available experience
supports the investment case?
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Benefits - the Bretten example: Property market Bretten, land value

1988 2004
Bretten: 160 Euro/m?2 Bretten: 230 Euro/m?2
Golshausen: 70 Euro/m2 Golshausen: 140 Euro/m?2
Bauerbach: 40 Euro/m? | Bauerbach: 120 Euro/m?2

s
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Inner City Line — Bad Wildbad
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Inner City Line — Bad Wildbad
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Tram-train technologies: concepts and comparisons

Murgtal - before
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Thank you

nils.jaenig@ttk.de
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