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Citadis X05 offers new choices on tram dimensions and configurations (in single-unit or 
double-unit operation), performance, comfort level and special features met by a system of 
service-proven modules that fit together. Innovations include: integration of new technologies 
for lower energy consumption (Permanent Magnet Motors); easier sub-system integration 
and maintenance which reduces LCC; higher speed of up to 80 km/h; operable on existing and 
new tracks; catenary-free range (besides APS) now incorporating new  full on-board 
autonomy systems - optimized and completely integrated. All these new technological 
advances offer cities of all sizes the highest performance tramway solutions - in order to meet 
the current and future evolving mobility challenges.
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PRODUCT 
SHEET

Alstom's Citadis is the low-floor tram reference for 
modern urban solutions and is at the core of multiple city 
renewal projects.
Citadis was upgraded to deliver extra dimensions, 
capacity, flexibility, speed and passenger experience, to 
allow higher frequency throughout the day and thereby 
increase the number of people an operator can carry on a 
network per year.

KEY BENEFITS / KEY FIGURES

• 2,600 Citadis vehicles sold to 60 
cities worldwide 
• Over 300 Citadis X05 ordered 
• 2,300 Citadis vehicles in service 
• 20 billion passengers transported, 

Over 4 million per day 
• 1 billion km run by the Citadis

vehicle fleets 
• 1 out of 4 low-floor trams in service 

worldwide manufactured by Alstom 
• 33 % of catenary-free lines in 

operation and under construction
• Over 30 million km travelled 

without catenary

CITADIS X05
LATEST EVOLUTION OF CITADIS

LIGHT RAIL VEHICLES

GENERAL DESCRIPTION

CUSTOMER BENEFITS

High degree of passenger comfort and 
convenience

Lower OPEX

New levels of comfort include spacious 
design with double doors (15% passenger 
exchange ratio increase), 40% more window 
surface, ergonomic seat design option, real-
time information on-board,  direct & indirect 
lighting based on LED technology - all leading 
up to a more pleasurable urban commuter 
experience.

11% reduction of maintenance costs based on 
technical innovations including: optimized 
monitoring system through a Design to 
Serviceability process; Ethernet network for a 
quick download of monitoring data from a 
single access point for the upload of 
infotainment and passenger information 
system in manual or automatic wireless 
mode.
Up to 25% reduction in energy consumption  
thanks to latest design improvements :
• Proven ONIX traction drive with closed self-

ventilated Permanent Magnet Motors 
(PMM) highly efficient (96%)
• Optimized HVAC function (air flow, 

passenger load, …) and auxiliaries (auxiliary 
with variable frequency)

Alstom's solutions span most service-proven 
APS and Citadis Ecopack full on-board 
autonomy management system composed of 
the latest generation super-capacitor and 
batteries. Key advantages of Alstom's 
catenary free solutions: preservation of the 
aesthetics of city centres; unlimited power 
supply; high performances (matching 
catenary performances), high availability 
(99.95% on 2-km double track applications); 
robustness and limited impact on 
infrastructure. 

Advanced catenary-free offering
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CITADIS X05

KEY TECHNICAL FEATURES
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Specification criteria Values specific to each nominal length
20 nominal meter versions 30 nominal meter versions 40 nominal meter versions

CITADIS 205 CITADIS 305 CITADIS 405
Vehicle length (depending 
on door width type)

24 m 32 m to 37 m 43 m to 45 m

Vehicle width 2.4 m 2.4 m and 2.65 m
Track gauge 1435 mm
Number of bogies per tram 2 3 4
Number of car modules per 
tram

3 5 7

Provision for subsequent 
tram extension

Up to 5 modules (37 m) up to 7 modules / 4 bogies extendable (case by case)

Low floor percentage 100%
Access height (entrance) intermediate doors:325 mm, front doors: 334 mm (above top rail)
Central aisle width over 
bogies 

Up to 750 mm

Number and type of doors 
per side (Sliding plug doors)

4 double doors 4 to 6 double doors 
or 

2 to 4 double doors + 2 single 
doors

5 to 8 double doors 
or 

3 to 6 double doors  + 2 single 
doors

Seating configuration modular arrangements (see diagram)
Passenger capacity seated 41 42 to 66 57 to 82
(@ 4 pax /m2)          standing 101 152 to 184 215 to 237
TOTAL 142 202 to 238 271 to 341
comfort ratio (1) 29% up to 28% up to 25%
exchange ratio (2) 26% up to 27% up to 25%
wheelchair areas 1 1 or 2 1 or 2
Passenger information 
equipment 

different packages available

HVAC (Heating, Ventilation, 
Air Conditioning) 

independent controls for passenger & driver zones / scaled to relevant climatic conditions

Motorization ratio 100% 67% 75%
Maximum speed in service 70 km/h Up to 80 km/h
Maximum acceleration 1.3 m/s2

Service deceleration 1.2 m/s2

Compression load 400 kN
Crash absorption resistance meets EN15227 standards
Minimum horizontal curve 
radius

18 m in depot / 25 m on line

Operation bidirectional or unidirectional operation in single or double unit 
Traction motors 2 air-cooled permanent magnet motors per motorized bogie
Power supply voltage 750 Vdc (600 Vdc as an option)
(1) number of seats for passengers / total passenger capacity per tram
(2) sum of widths of doors / total length of passenger zone per tram



citadis
dualis

Combining the best  
of trains and tramways

Modularity

Accessibility

Reliability

Comfort

Customization

tR
An

s/
CITADISDUALIS










/
en

g/
06

.1
0/

FR
 - 

©
AL

st
O

M
 2

01
0 

- AL
s

tO
M

, t
he

 AL
s

tO
M

 lo
go

, C
ITADIS




 DUALIS



 

an
d 

th
ei

r f
ra

m
es

 a
re

 re
gi

st
er

ed
 tr

ad
em

ar
ks

 o
f AL

s
tO

M
.

Th
e 

ot
he

r b
ra

nd
s 

m
en

tio
ne

d,
 w

he
th

er
 re

gi
st

er
ed

 o
r n

ot
, a

re
 th

e 
pr

op
er

ty
 o

f t
he

ir 
re

sp
ec

tiv
e 

ow
ne

rs
. T

he
 in

fo
rm

at
io

n 
gi

ve
n 

in
 th

is 
do

cu
m

en
t i

s 
in

di
ca

tiv
e 

on
ly 

an
d 

m
ay

 b
e 

ch
an

ge
d 

w
ith

ou
t w

ar
ni

ng
.

D
es

ig
n 

an
d 

cr
ea

tio
n:

 Ip
so

 F
ac

to
, P

ar
is 

– 
Ph

ot
o 

cr
ed

its
: ALST


O

M
 Tr

an
sp

or
t /

 T
O

M
A 

- C
. S

as
so

 - 
Pa

gé
cr

an
 - 

D
es

ig
n&

St
yli

ng
. 

Alstom Transport 
48, rue Albert Dhalenne
93482 Saint-Ouen Cedex France
Telephone: +33 (0)1 57 06 90 00

www.alstom.com/transport



�Modular Design
�Citadis Dualis may be configured to the needs  
of each operator.  
Urban or peri-urban configuration, number of doors 
per side, interior spaces... the design and layout of your 
Citadis Dualis are modular to fit the type of itinerary.

Operating tools
�Citadis Dualis also offers anti-vandalism  
and passenger-counting options to optimize public 
transit operations for maximum vehicle availability.

�Passenger comfort
�Citadis Dualis offers many options dedicated  
to passenger comfort, depending on the profile  
of the line served. Among the possibilities are toilets, 
more comfortable seats, window shades  
and umbrella racks...   
Citadis Dualis makes on-board comfort a priority.

�Optimized access for all
�With its full low floor and wide gangways,  
Citadis Dualis is the first tram-train vehicle certified 
according to STI PRM* standards.

citadis dualis

* Excluding the toilet option



l Length: 42 m
l Width: 2.4 m
l 4 doors
l 93 seated places
l 141 standing places

l Length: 42 m
l Width: 2.65 m
l 4 doors
l 98 seated places
l 153 standing places

l Length: 42 m
l Width: 2.65 m
l 5 doors
l 92 seated places
l 159 standing places

l Length: 51.5 m
l Width: 2.4 m
l 6 doors
l 116 seated places
l 176 standing places

Length
42 Meters and 52 Meters

2.4 Meters and 2.65 Meters
Width

Dual voltage 750 Vdc / 25 KVac 50 Hz 
Or dual voltage 750 Vdc / 1500 Vdc

Electric power supply

Interior Fittings

2.4 meters 2.65 meters

Capacities4 Degrees of freedom

Version  
2.65 M  
4 cars  

4 doors

Version  
2.65 m  
4 cars  

5 doors

Version  
2.40 m  
4 cars  

4 doors

Version  
2.40 m  
5 cars  

6 doors

Seats + Tip-up seats
CE2
C2 
CE2B  
C1
CE1

18 + 2

32
24 + 2
18 + 2

18 + 2

32
20

18 + 2

16 + 2

32
22 + 3
16 + 2

16 + 2
20
40
20

16 + 2

Total 92 + 6 88 + 4 86 + 7 112 + 4

Passenger in Wheelchair space
Bicycle rack
Luggage rack

2
1
1

2
0
0

2
1
1

2
0
0

Total passengers
4 persons/m2

6 persons/m2

8 persons/m2

251
330
410

251
332
414

234
307
381

292
382
472

CE1 C1 CE2B C2 CE2



Type Articulated – 4 to 5 car bodies 

Length 4 car bodies: 42 m
5 car bodies : 52m

Width 2.65 m (4 car bodies) or 2.40 m (4 or 5 car bodies)

Height 3.5 m

Floor height (4 pers/m² + seats folded, new wheels)
• Access (gap-filler)
• Corridor central part
• Corridor above bogies

370 mm
405 mm
537 mm

Multiple Unit Up to 3 units (MU3) with 4 car bodies

Structure
• Compression
• Passive safety

600 kN
complies with standards EN12663 and EN15227

Performance
• Maximum speed 
• Maximum acceleration from start up

100 km/h
1,09 m/s2 from 0 to 40 km /h (base version)

Braking
• Types
• Maximum Emergency braking deceleration 

Electric, Electrohydraulic and Electromagnetic
2.8 m/s speed ≤ 70 km/h
2.5 m/s speed > 70 km/h

Weight
• Tare weight
• Maximum load per axle (6 persons/m2 + seats extended )

≈77 t (4- car vehicule)
11.5 t

Traction
• Type
• Continuous Motor power

IGBT, 3-phase permanent magnet synchronous motor
Motor 6 x 150 kW 

Train Control / Command Redundant MVB network / WTB
Cabled commands for safety functions

Electric power supply Dual voltage 750 Vdc / 25 kVac 50 Hz
Dual voltage 750 Vdc / 1500 Vdc

Auxiliary power 400 Vac /50 Hz
24 Vdc

Minimum curve radius 25 m

Capacity in EL4 (4 pas/m²)
• 4-car vehicle
• 5-car vehicle

Fixed seats / Total
86-92 / 234-251
112 / 292

Corridor width 600 mm (2.65 m version)

Passenger access width Double sliding door / 1,300 mm  passage

Platform access Fill-gap

Passenger Information
• Base
• Option

Interior and exterior LED display screens  + audio
TFT screens
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Length (in m.) 42 42 42 52

Width (in m.) 2,65 2,65 2,4 2,4

Number of cars 4 4 4 5

Number of doors per side 4 5 4 6

Luggage space l l l l

Bicycle space l l l l

Retractable steps l l l l

Maximum number of doors per side 5 5 5 7

Co
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Toilets l

Fixed steps for the doors l l l l

Supply and installation of passenger-counting system l l l l

Lengthwise umbrella rack l l

Exterior livery l l l l

Trash receptacles l l l l

Passenger window shade l l l l

More comfortable seats  
(cannot be combined with anti-vandalism option) l

Anti-vandalism  
(cannot be combined with more comfortable seat option) l

OptionsTechnical Specifications



Toilet Option* Lengthwise umbrella Rack Option

More comfortable Seat Option (cannot be combined with the Anti-Vandalism Option) 

Passenger Window Shade Option

Trash Receptacle Option 

The toilet option* is offered aboard the CITADIS DUALIS in a suburban configuration (2 m65 in width) in order to improve passenger 
comfort for trips that exceed 30 minutes. This is a unique option in a tramway-type LRV. Two variants are possible for this option:

l Factory-fitted toilets,
l �Preparation for toilet integration at a later time (for example in the case of a line extension)

CITADIS DUALIS can also be equipped with lengthwise overhead racks. These allow passengers to put small objects, umbrellas, 
jackets... above their seats and also improve passenger comfort in freeing up space.

Improved seating and an added headrest offer passengers greater travel comfort.

Passengers are able to adjust sunlight to what’s comfortable.

Trash receptacles can be installed as an option aboard 
the CITADIS DUALIS. They facilitate maintaining a high 
level of on-board cleanliness, improving both the trip’s 
ambiance and the cleaning work.

* Option non-certified STI PRM

Comfort options



Passenger Counting Option

Individualized Exterior Livery

All vehicle accesses are equipped with a system that makes  
it possible to note passengers getting on and off.
The number of passengers aboard is thus known at all times.
This is an essential element for tram-train operations.

To facilitate its integration in the regional landscape, the livery of the CITADIS DUALIS can be individualized 
with the colors of the region.

Removal of the retractable steps (standard edition) in order to reduce passenger exchange times at stations. 
This option requires an appropriate infrastructure.

Anti-Vandalism Option

Bicycle Space / Luggage Space (Option depends on the body car’ design)

CITADIS DUALIS’s anti-vandalism resistance can be reinforced with an interior and exterior film protection on the car.

Fixed Steps Option 

Technical options







































































































































































































































TramTramWaveWave

TramWave



TramTramWaveWave

The Ultimate CATENARY FREE TRAMWAY SYSTEM



TramTramWaveWave

Ansaldo STS pioneered the modern technology for transit systems without
overhead catenary.

– First prototype development: year 1998
– First pilot plant of intermediate transit systems: year 2000
– First test of ASTS technology for a rail vehicle: year 2000

TramTramWaveWave is now a product:
– Particularly focused and developed for different tramway systems
– Based on a “core technology” well proved and tested
– Presently customized for “SIRIO” tramway breed but able to be fitted on any tram



TramTramWaveWave

Ansaldo STS technology is founded on the following concepts:

– Use of a “closed conduit”, embedded on the ground
– Transmission of power through a segmented surface contact line, where each

segment is insulated and normally connected to ground.
– Simple physical principles are governing the whole operation of the system.

• The contact segments are switched on to the positive feeder only by the presence of the
power collector over the contact line, by means of the pulling force of a “built in” permanent
magnet on a flexible ferromagnetic belt, located inside the conduit.

• The contact segments are switched off to negative feeder by the same flexible
ferromagnetic belt that falls down by gravity force

• The total length of the segments that are in live condition is very short (1 meter max),
reducing to the minimum the “unsafe” area, (allowing the use of the technology even for
short length vehicles).

• The safety of the system is assured in all the possible normal and upset operating
condition.



TramTramWaveWave

• The system technology is specially designed and manufactured to facilitate the
installation of all the system components:

– in a new plants and vehicles
– as retrofit in already existing installations.

Many different operational and functional configurations may be envisaged.



TramTramWaveWave

The “Tramwave” power line can be
easily installed between the running
rails.

– The section of the power line is very
compact.

– The overall dimensions are of the line
components are compatible with a
wide range of track equipments

– All the main components of the power
line are located inside the line section.

– The traction current could return on the
same power line, without involving the
running rails

– No need of special protection against
stray currents

– No electromagnetic emission inside or
outside the vehicle.



TramTramWaveWave

The overall dimensions and functional
characteristics of “TramWave” power
collector are enough compact to be
inserted inside a tram bogie, or, if
necessary, under the vehicle body.

– The power collector is lifted up and
down over the contact line by a special
pantograph.

– The interfacing of the power
collector/pantograph with the vehicle
bogie and the other parts of the vehicle
is very simple and could be studied
and rearranged for different types of
bogies.

– A simple command equipments could
manage the global operation of the
power collector, power sources
switching, etc.



TramTramWaveWave

������� ��	

��
����� ����� ���������

����� ����

Tramwave components



TramTramWaveWave

���� ��� ����	
���� �
 ��������� �� ��
� �	
���	��

���� ��
����� �	��� �	�����	� �� ��� ����� �	
���	� �
 ������ �	 �������� ���
�	��� ���� 
�
����
� ��� ������
 �	��� �
 �	� ��	�
� �	 ���� �� ��� �����

���� ������� ��� ��� 	��� ��� ���� ����	�� ���������
 ��� 
�
����


���� ��� 
�
����
 
��� �	������� �	 
�	����



TramTramWaveWave

���� ��� ����	
���� �
 �����
���

���� �	��� �	�����	� 
	�
 �	�� �	 ��� ����

���� ������
 �	��� ������
� ��� ������
 ��� ��
��
 	� �������� ���� ��
���

�
	�� 
�
����
 �� ! "# ����� ��� �	��� �	�����	� ��� ��
�	������� ��	�

�	����



TramTramWaveWave

���� ��� ����	
���� �
 �	�������� �����
�� �

���� �	��� �	�����	� �
 �� �	����� ���� ��� ���� 
�
����


���� �������� ���� ������
 ��
 �	�$��
 �	
���	� ��� ��������
 ��� ���������


�
���� �
#



TramTramWaveWave

��� ������� �
 ����� �	 ���% �	����� �� ��� �����



TramTramWaveWave

&�������
 ���������
&�������
 ���������




TramTramWaveWave

PositiveTransfer Contact
Insulation layer
Ferromagnetic strip
Insulation layer
Negative Tranfer Contact

Feeder +

Feeder -

Conductor segment
(variable polarity)

Insulation
segment



TramTramWaveWave
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Insulating material

Surface plate

Variable
polarity
Elements

Inside contact
suface

Pick-up
guideng rods

Surface Plate

Positive Feeder Negative Feeders

Tranfer Contacts

Flexible Strip Waterproff Housing

Waterproff Housing

Insulating material
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Module section
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The module: Internals – Fixed elements
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The flexible belt and contact carrier
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The flexible belt and contact carrier
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The module: global section
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TramTramWaveWave

Joints between adjacent modules

Rest condition
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TramTramWaveWave

The module fully assembled
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22
5m

m
The open conduit (the trough) Section
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The open conduit (the trough) Top View
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TramTramWaveWave

Binder

Concrete #2

Concrete
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Binder

Concrete #2

Concrete
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TramTramWaveWave

The magnetic power collector

The carrier

Magnetic
blocks for
centering

Magnet blocks
for belt lift up

Positive shoes

Negative shoes

Magnet blocks
for belt lift up
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860mm

41
0m

m
78

,0
0

Three main function
– Activation of line segments
– Current pick up and current return
– Guide the power collector over the

line

centering centering
Belt lifting up

Current pick up and return

The magnetic power collector



TramTramWaveWave

• The length of the magnet, the pulling force, the characteristics of flexible belt (allowed
internal gap, rigidity, weight) are designed to assure:

– Adequate inner contact length for necessary current in any static or dynamic
conditions.

– The correct sequence of activation of segments.

• The total length of the “wave”, is no more than 3 meters
– No constraints for the position of the power collector on the bogies
– No limits to place two or three power collector on the vehicle
– The area to be protected is very limited (less than 1 m x 270 mm)

• The inner contacts are segmented for a better insulation of non activated segments.
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TramTramWaveWave

>100 cm



TramTramWaveWave

>50 cm
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TramTramWaveWave

• The concept and the implementation of the
safety requirements ensure the safety of the
system in any normal operational condition
as well as in any possible fault condition or
accident.

– The system goes “naturally” in the
condition of safety

– The absence or incorrect position of
magnetic power collector over the line
causes the drop of the flexible belt to
the rest condition, connecting all the
segment involved to the negative.

Magnet

Belt weight

The magnetic field

The gravity field

The gravity field



TramTramWaveWave

– The activated part of the line is always
enclosed by elements connected to the
negative.

• These element act as a “Virtual
Protection ring”

• The protection ring follows the
power collector .

• Safety is always assured even is
case of water puddles .

• The running rails act as a second
barrier

– The voltage level all around the
activated parts remains in any
condition lower than the standard
requirements.

0,
04



TramTramWaveWave

• The design and the realization of the flexible
belt and the safety negative concept assures
the safety condition in the most severe
conceivable accident conditions.

– The “stick” of a positive contact

– Loss of sealing and presence of a large
quantity of water inside a single
module.

• The diagnostic system allows a fast
detection of the faulted module.
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POSITIVE FEEDER

NEGATIVE FEEDER
or/and RAIL

SAFETY NEGATIVE
FEEDER

HSCB

TRACTION
CURRENT

I = 0

I = I std

Trip
Signal

For
I > 80 A

Standard Trip
Signal

For
I values

STREAM TECHNOLOGY
SPECIFIC DEVICES

Pick Up

Electrical Substation
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TramTramWaveWave

MAIN PERFORMANCE HIGHLIGHTS
– The technology can be used different type of rail vehicles in a wide range of

power
– The system allows to cut many concern about stray currents, saving related

installation and maintenance costs
– The technology can be used without any modification for a multi-modal use.

• The power line could shared with rubber tyred electric vehicles
– The system could take profit and be integrated with energy storage on board.

• Management of particular situation or singularities
• Emergency situations
• Fast recharge area (static or dynamic).

– The integrated diagnostic allows:
• A fast identification of the module that presents operational disturbance (even transitory

for an early warning)
• Localizing the vehicle on the line
• A useful support for operation and maintenance.
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– The maintenance level could be equal or better than a conventional overhead
catenary.

– Any fault or operational problem remains confined in the affected module
– The maintenance activities consists in the change of the module:

• 30 minutes is the mean time on site to change a module
• Few persons could complete the operation without special or heavy tools.
• The maintenance could be postponed at the end of the day.
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TRANSPORT

Bovenleidingsloze tractie

Techniek ten dienste van duurzaamheid en behoud 

van het historisch karakter van stadscentra

KVIV Spoortechnieken

Yves Carels

17 February 2011
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Agenda

1. Why wireless trams ?

2. Wireless systems in operation & projects

3. How does APS work ?

4. APS evolutions
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Why wireless trams?

To preserve urban environment

P 4

Why wireless trams?

To share restricted space in urban 
environment - no catenary posts
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To facilitate access in narrow streets
– fire brigade, facade renovation, …

Why wireless trams?
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Why wireless trams?

To preserve nature in cities
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• Alstom Nice

• Kawasaki Swimo

• Siemens HES

• Alstom STEEM

• CAF ACR

• Bombardier Primove

• Ansaldobreda Tramwave

• Alstom APS

Batteries

S
u
p
e
rc
a
p
s

Ground 
level 
supply

Line(s) in 
passenger 
service

One tram in 
passenger 
service

Tram without catenary :
Overview
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Tram without catenary : 
Batteries

• Tramway service in Nice city since 2007

• Two 450m sections run at 30 km/h without 
catenary

• NiMH battery technology, with slow recharge 
under catenary sections : guaranteed lifetime 
5 years at 25°C operation temperature

• Battery box internal temperature regulated 
@ 25°C

• Return on experience on all operating 
scenarii, battery & tram handling, etc

• 30m tramway solution, extendable to 40m

P 12

Wireless solutions: a full service proven range

APS  and batteries available 

for optimal, specific 

adaptation to local needs
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• NiMH-Batteries

• The solution for short wireless sections

• Acceleration and max. speed adapted to city centre

� Commercial service in 2007

� No overhead wires on 2 squares

� Place Masséna: ~435 m

� Place Garibaldi: ~485 m

Batteries

1. Short wireless sections: Nice
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Tram without catenary :
APS

Alimentation par 
le Sol

Ground-level 
Power Supply
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Tram without catenary :
APS

• Proven solution : Bordeaux network in passenger service 
(13.4 km)

• Return on experience and extensive product improvement 
process

• No power restriction - full speed and acceleration, possibility 
to use continuously reinforced HVAC for hot climate

• No risk of “empty tank”

• Complete intrinsic safety

• Customer confidence : 

−contracts in 2006 for Reims / Orléans / Angers, 

−followed by  Dubai / Brasilia (hot climate version)

−recently signed (Sept ’10) in Tours

Reims

Bordeaux

Reims
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Dispo mensuelle depuis le 1/07/04
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Tram without catenary : 
APS Bordeaux

� 3 Lines in service (2004): 24,3 km with 10,85 km twin-track APS

� Second phase (end 2007) : 19,6 km incl. 2.2 km APS

� Final Network : 43.9 km with 13,4 km twin-track APS 

APS AVAILABILITY

APS

A
P
S

Other APS 
sections at 
both ends of 
blue (B) lineAPS
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Reims

� Project start in July 2006

� APS install start in June 2009  ( compl. June 2010)

� APS T&C start in July 2010 ( compl. August 2010)

� PTO : 18/04/2011 ( 1 year warranty)

� Testing in progress and successful

� New LRT line 10 km in 30 years concession

� Alstom scope:  18 Citadis, APS, infrastructure, 

system

� APS scope: Design, Supply, Installation and 

Testing :

� 3,92 km of APS single track

� 9 APS Turnouts

� 18 on board Equipement
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� Project start in November 2006

� APS install start ( June 2009)

� APS T&C start in Nov 2010 ( compl. June 2011)

� PTO: June 2011 (14 months warranty)

Angers

� New LRT line 12 km

� Alstom scope : APS and 17 Citadis

� APS scope: Design, Supply, Supervision of Installation and 
Testing :

� 2,82 km of APS single track

� 5 APS Turnouts

� 17 on board Equipement

� Particularity  – 8% gradient
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� Project start in Sept 2006

� APS install start in Oct 2010  ( compl. June 2011)

� APS T&C start in August 2011 

� PTO : 30/06/2012 ( 12 months warranty)

Orléans

� New LRT Line: line 2

� Alstom scope: 21 Citadis, APS, tracks, railway 

signalling, system

� APS scope: Design, Supply, Installation and 
Testing :

� 4,2 km of APS single track

� 6 APS Turnouts

� 21 on board Equipement
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� New LRT line : 21 tramways, 15 kms track, 30 stations

� Alstom scope:  21 Citadis, APS

� APS scope: Design, Supply, Installation and Testing :

� 3,6 km of APS single track

� 4 APS Turnouts

� 21 on board Equipement

� Project start in September 2010

� APS install start in Nov 2011  ( compl. nov 2012)

� APS T&C start in November 2012 

� Forecasted PTO :  2013

Tours
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Dubai

� Project start in June 2008

� 5 years warranty

� New LRT line : 11 tramways, 10 kms track, 13 stations

� The first city in the Gulf region to be equipped with a 

tramway transit system

� Alstom scope:  11 Citadis, APS, infrastructure (track, 

SST, E&M), system

� APS scope: Design, Supply, Installation and Testing :

� 18,96 km of APS single track

� 41 APS Turnouts

� 11 on board Equipement
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Brasilia

� New LRT line : 39 tramways, 22 kms track, APS on 1,2 kms platform

� The first city in the Latin America to be equipped with a modern

tramway system

� Alstom scope:  39 Citadis, APS, track on APS 
section,ticketing,signalling,OCC,system

� APS scope: Design, Supply, Installation and Testing :

� 2,4 km of APS single track

� 2 APS Turnouts

� 39 on board Equipement

� Contract September 2009
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Tram without catenary 
On-board Solution : STEEM

• Recovery of braking energy 

• Running without pantograph

• Tramway length 44 m, width 2.65m, 86 
tons max @ 6P/m² i.e. 417 Passengers

• Supercapacitor solution

• Operation in passenger service including 
a 300m interstation wireless section
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On-board Solution : STEEM

E  = 1,62 KWh

P soc 0 = 350 KW

P soc 1 = 500 KW 

Msc=720 kg

Recharge time 20 s min

• a single 2600F cell • 1 module = 20 cells connected in serial mode

•STEEM supercaps box :                   48 modules, 6 
branches in parallel,                         each of 8 
modules in serie

• U = 2,5 V • U = 50 V

• U = 400 V

STEEM : Système Tramway à Efficacité Energétique Maximisée

Maximized Energy Efficient Tramway System
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On-board Solution : STEEM

• Integration in roof 
layout

• Adapted HMI 
interface for 
driver including 
supercap gauge

• Risk of empty 
tank on 
autonomous 
sections
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Supercapacitors constraints

Extract of MAXWELL supercapacitors data sheet :

• Average cycles per year : between 150 000 and 200 000, therefore :

Lifespan : between 5 and 7 years for a 25°C operation ambient 
temperature

• BUT lifespan is halved for each 10°C above the nominal 

temperature of 25°C and each 100 mV above nominal voltage 
(source : Supercapacitor traction system concept evaluation by 
Ing Frederik van Mulder)

• => Supercapacitors refrigeration is compulsory !
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On-board Solution : 
STEEM

Energy saving effect depending on :

• number of trams-on-line

• heating and cooling (HVAC)

• Measured in spring 2010 : 13% average

• minimum 10%, maximum 18%

• highest savings : off-peak hours

Comparison of energy consumption 
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Insulated

section

3 m

Conductor

section 0V

(not powered)

8 m
Burried

Power Box

Conductor

section 750V

(powered)

8 m

Running rail

Collector shoes and 

antennae

APS system: principles
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APS system: principles
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APS: Aesthetic Power Supply

Switching 

cabinet

� Segmented street-level power rail 

� Conductive segments Switched off-on-off 
as tram progresses

� Safety rule: Conductive segments 
energized under tram only.

� Safety rule consequence: All 
segments outside tram at 0 Vcc
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Conductor rail surface

Collector shoe + antennaBattery box Switching cubicle

Detection 

loop

Substation cabinet

Conductive

section

Power Box

Insulated

section

APS system: main components
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APS adaptation for hot climate

� Objectives

• Tropical environment (hot, humid, sandy)

� Technologies
• Thermic design of power box

• Deep manhole for power box

• Deep cable ways

• Air con substations

• Hot humid air: cooled roof equipment

• Sand and dust: brushes under tram, onboard 
cabinets sealed with internal heat exchangers or 
lightly over pressured

� References : Dubai & Brasilia

Standard
Tropical 

environment
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APS rail evolution

� wider rail for surface insulation
� wider loop for better train detection
� power cables centered (harmonics)
� stronger and better for installation

APS 
Bordeaux

Other APS 
projects  
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Running Rails 

• Purpose

− Remove the sand 
from the grooved 
rail

• Solution

− The Rail Vacuum 
Cleaner Vehicle

Keeping the Rail Free of Sand : A Proven Solution
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APS Rail

• Purpose
− Remove all objects and pollutants from the APS rail surface

• Composition

• A heavy duty shield to remove objects greater than 60 mm

• A brush to remove lighter pollutants, particularly dust and sand

Design to handle acceleration levels of 30 g’s in all directions

• Mounting
− The device is mounted at each end of the tram
− Activation is linked to the direction of travel

P 38

Keeping the APS Rail Clean/ A Robust Solution

INSTALLATION  ON THE VEHICLE
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Dust and Sand protection

IN OPERATION in 
BORDEAUX 
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Dust and Sand protection

• Test Program completed

− Shock Tests @ 20 kph with :

• 1 kg metal chunk 

• 0.6 kg piece of wood

• 4 kg concrete block

• Stones & brick

• Max acceleration recorded less than 20 g in all direction

− Brush Test @ 15 & 18 kph with

• Sand and gravel

• Paper,

• Plastic Bags

• Wrappers

Keeping the APS Rail Clean 
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Power boxes arrangement
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TYPICAL TRACK CROSS SECTION
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TYPICAL APS TRACK CROSS SECTION
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Watch Our Video What Others Are Saying

What attracted us to this technology is the
ability for us to power on the go and to have
smaller batteries that allow us to get in and
out of traffic throughout the day without a
constant need for repowering.

Carl Sedoryk, General Manager,
Monterey-Salinas Transit

With WAVE’s wireless power transfer
technology we’re able to use fewer batteries,
and get a lighter vehicle, which means that
[wireless power transfer] can be economically
viable and competitive with diesel.

Alma Allred, University of Utah
Commuter Services

Projects All Projects International State Federal

PARTNERS

Many companies are already recognizing the value of utilizing WAVE's wireless charging technology, and
a prototype 25 kW charging system is already in operation.
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Induction Charging Comes to Public Transit

by Keith Barry
Wired
12.03.12
Say goodbye to catenary wires. Utah State University has unveiled an electric bus that charges through
induction, topping off its batteries whenever it stops to pick up passengers.

Designed by USU’s Wireless Power Transfer team and the Utah Science Technology and Research initiative’s
Advanced Transportation Institute, the prototype Aggie Bus is already on the road. It uses the same wireless
charging principle as an electric toothbrush or a wireless smartphone charger, except optimized for a massive
public-transit vehicle.

As in all modern inductive-charging setups, a transformer is “split” between the bus and a charge plate under the
bus stop. When the bus drives over the charging plate, current flows with no physical contact required. Engineers
at USU designed their system so that the Aggie Bus can be misaligned up to 6 inches from the charge plate and
still get 25kW of power and 90 percent efficiency from the power grid to the battery.

Because of the fixed routes they run and frequent stops they make, induction charging is ideal for buses. Instead
of charging up a massive battery overnight before a route, the Aggie Bus features a smaller battery setup that
recharges every time the bus reaches a predetermined stop. The smaller batteries free up interior space, reduce
downtime and lower battery costs — although induction plates must be added to bus stops.

Though the Aggie Bus is a working prototype, USU is working with Wireless Advanced Vehicle Electrification
(WAVE) — a company spun-out from USU — in order to bring a commercialized bus to market. In mid-2013,
WAVE and the Utah Transit Authority are planning to unveil a 40-foot induction-charged transit bus on the USU
campus that’s capable of taking a 50kW charge. The project was funded by USU, who will purchase the bus,
and a $2.7 million grant from the Federal Transit Administration.

Charging a bus through induction may be a new idea in the U.S., but bus routes with similar wireless charging
systems have been in place in Torino, Italy, since 2003 and Utrecht, the Netherlands, since 2010. Ideally,
induction charging would be used in city centers to replace noisy, smoky diesel buses. It would also work on
already electrified routes, allowing cities to take down unsightly hanging catenary wires.
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Jeremie Desjardins
Business Leader
PRIMOVE
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primove: wireless e-mobility

Videos
PRIMOVE: Game-
changing turnkey
solution for tram

systems

primove light rail

Liberating trams from overhead lines
In many ways, light rail vehicles are the ultimate form of
eMobility. Yet despite being clean, silent and convenient,
they have always been hampered by one disadvantage –
catenaries. Catenary power systems are complex to install,
demanding to maintain and and clutter the urban space
with unattractive infrastructure.

Thanks to PRIMOVE contactless charging, trams can now run without
any need for unsightly poles and overhead cables. The energy source is
moved underground and charges the vehicle via inductive power
transfer. It now becomes possible to integrate light rail systems into
urban areas where conventional catenary networks are prohibited or
unwelcome – such as city centres, parks, gardens and protected
heritage sites. The cityscape is left untouched, minimising visual
pollution and improving the overall appeal of the city.

Key benefits
System overview
Component features

Key benefits

Page 1 of 4Application - Application –Light Rail – primove – inductive power transfer for trams - primove
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Minimised visual pollution
Elimination of wires and poles – all components are hidden under the
vehicle and beneath the track

•

Installation is possible even in previously unsuitable areas such as
heritage-protected sites

•

Operational under all conditions
Reliable even under adverse weather and ground conditions  such as
sand, snow or ice

•

Compatible with all road surfaces or tracks•

Reduced infrastructure
Less land take needed than for catenary systems•
Less maintenance: no wear of pantographs and overhead lines, no
risk of vandalism

•

No compromise on performance
Same great performance as with catenary systems•
Reduction of energy consumption by up to 30% when combined with
an energy storage solution

•

System overview
Because PRIMOVE is a contactless energy transfer solution, the system
operates reliably under all circumstances – even in adverse ground
conditions involving sand, snow or ice. Its liberation from the constraints
of overhead cables also gives urban planners and public transport
operators more freedom and flexibility in designing their transport
solutions.

Beyond dispensing with overhead infrastructure, the PRIMOVE system
also offers a whole range of further advantages. The technology is
simple to install in both new and existing lines as the components easily
fit between the rails. Initial investment and maintenance costs are
lowered, making the overall system highly competitive and efficient. The

Page 2 of 4Application - Application –Light Rail – primove – inductive power transfer for trams - primove
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charging system could even be made compatible with road vehicles,
enabling the same underground infrastructure to be used for recharging
multiple modes of public transport.

For even higher levels of efficiency and performance, PRIMOVE
technology can be combined with an energy storage solution. When
mounted on a light rail vehicle, this device stores the energy released
when braking for later use. The system reduces energy consumption by
up to 30%, lowering both electricity costs and greenhouse gas
emissions. Over short distances,PRIMOVE-equipped trams can also
operate without having to recharge, further minimising infrastructure and
installation costs.

Component features
PRIMOVE wireless charging technology comprises two sets of
components – wayside components that are buried underground and
onboard components that are fitted onto the vehicle frame. Both sets are
designed to enable maximum structural integration, as well as for energy
transfer at high power and efficiency.

Wayside components
Fully buried underground and can be covered with different materials
like asphalt or concrete

•

Primary cable segments provide the actual power transfer to the
vehicle and are installed just under the road surface

•

Magnetic shielding under the primary winding (magnetic layer)
prevents electromagnetic interference

•

The Vehicle Detection and PRIMOVE Segment Control (VDSC) cable
senses when a PRIMOVE-equipped vehicle is above the segment
and switches the segment on. Segments otherwise remain inactive to
comply with electromagnetic interference protection requirements

•

The Supervisory Control and Data Acquisition (SCADA) interface
provides information for system control and diagnostics

•
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Inverters convert the DC supply voltage to the AC voltage used in the
system.

•

DC feed cables supply power to the inverters•

Onboard components
The PRIMOVE Power Receiver System consists of the pick-up
together with a compensation condenser, which are both installed
underneath the vehicle. They convert the magnetic field from the
primary winding into alternating current

•

Inverters convert the alternating current from the pick-up into direct
current that powers and charges the vehicle

•

Energy storage solution•
The Vehicle Detection and PRIMOVE Segment Control (VDSC)
antenna detects cable segments and coordinates the on/off switching

•

Page 4 of 4Application - Application –Light Rail – primove – inductive power transfer for trams - primove
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More information
Inductive power transfer

High power transfer

Opportunity charging

Media centre
Documents

primove: wireless e-mobility

Videos
PRIMOVE: High
power transfer for
electric buses

The technology behind primove
Based on the principle of inductive power transfer,
PRIMOVE technology allows energy to be wirelessly
transmitted between components buried underground and
receiving equipment installed beneath the vehicle.

The inductive principle functions as follows: an electric conductor
creates a magnetic field, which generates an electric current in another
conductor placed within that field. When applied in conjunction with the
PRIMOVE system, this electric current generates energy that is then
used to propel vehicles forward in a clean, efficient way.

In order to power vehicles through inductive power transfer, an induction
coil under the road or track carries high-frequency alternating current
(AC), thereby creating a magnetic field. This field induces a voltage in
the vehicle-side inductive power receiver (pick-up), which is used to
charge and power the vehicle. Wayside components “communicate” with
the vehicle to ensure that charging segments are only switched on when
the vehicle is positioned directly above them.

Page 1 of 4About - About -Technical Principle - primove - inductive power transfer - primove
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This principle is used in a huge range of applications from electric
toothbrushes that charge inductively when placed on their base to
electric generators in power plants.

The charging process
When charging statically, the electric vehicle simply drives to a charging
point; once the vehicle is positioned over the charging segment, energy
transfer can begin. The PRIMOVE system allows for energy transfer at
high levels, minimising both charging time and frequency. The driver
does not have to follow any special procedure, nor does he require extra
qualifications or training to operate the system. Furthermore, there is
never any physical contact with electricity, ensuring that the charging
process is both safe and driver-friendly.

When charging dynamically (in motion), the rail or road vehicle
recharges by driving over the inductive segments. These are
automatically switched on as the vehicle is activated by the wayside
detection system.

Introducing high power opportunity charging
Range and recharging constraints are the key concerns when it comes
to converting an entire delivery fleet or bus network to electric power. In
order to address these issues while offering a solution that is light, easy
to integrate and competitive, the PRIMOVE system combines a charging
pattern at regular intervals with energy transfer at high power levels. The
charging process is seamlessly integrated into existing operations,
thereby ensuring uninterrupted service without any need for additional
fleet vehicles or batteries.

A precise energy flow simulation helps define the optimal infrastructure
to maximize efficiency while keeping charging frequency (and
infrastructure) to a minimum. It defines the ideal positioning of charging
points that match the existing route so that the vehicle never has to
change its course or extend dwell time to recharge.

Light rail
Charging segments are integrated at every tram stop and the
subsequent few metres to enable recharging while letting passengers
on/off and during acceleration.
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Bus

Charging stations are positioned in the depot and/or en route at bus
stops for recharging while letting passengers on/off without extended
dwell times.

Automotive

Charging stations are installed at strategic points (e.g. loading docks for
delivery vans, taxi ranks in airport waiting areas, supermarket parking
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spaces) to allow fast charging at convenient times when the vehicle is
periodically not in use.
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Wednesday, August 15, 2012

Induction in action
Written by Keith Barrow

Emerging technologies are helping light rail operators
to escape some of the visual, operational and financial
restrictions of overhead catenary. Keith Barrow reports
from Augsburg on the development of Bombardier's
induction-based Primove system.

ONE of the defining trends in light rail technology over the last

few years has been the emergence of catenary-free systems.

Advances in supercapacitor and battery technology have

spawned an array of catenary-free solutions and almost all of the major LRV manufacturers have developed their

own products, many of which are now being offered commercially.

Bombardier's Primove system draws electrical energy through induction, using the same principles of power

transfer used in an electric toothbrush. Primove LRVs draw power from a cable buried beneath the running rails

which forms part of a primary circuit. This produces a magnetic field, which is converted back to electrical energy

by a pick-up coil mounted underneath the vehicle. A short section of the cable, or primary winding, is only

energised as the vehicle passes overhead, and can be safely laid under any surface, including tarmac, concrete,

and grass.

A typical low-floor LRV would be equipped with two underfloor power receivers, each feeding roof-mounted

power management and energy storage units at either end of the vehicle, which are also fed by the regenerative

braking system. The power management unit feeds energy back to the traction motors as required.
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Primove can operate with a supply voltage of 400-600V ac or 750V dc. The supply is fed to wayside inverters to

power the vehicle detection antenna loop, which is laid alongside the track, and the primary winding, which is

laid in 9m-long sections between the running rails. The primary winding is energised only when the vehicle

passes overhead. Like the primary winding, the inverters and power supply network can be covered with any

surface. Depending on the characteristics of the route, 10-25% of a typical light rail line would be equipped with

the wayside equipment.

The system has charging power of 200kW, which feeds two 48kWh batteries with a transfer efficiency of up to

95%. Each battery weighs around a tonne - roughly the equivalent of 13 standing passengers - can load fully in 20

seconds, and has a 10-year service life expectancy under normal operating conditions.

The technology allows vehicles to charge dynamically or statically, which means Primove-equipped vehicles

continue to draw current while standing at stations but use less power than conventional trams when in motion.

This inevitably has an impact on the power supply architecture, and Bombardier says a line operating exclusively

with Primove requires fewer substations than a line with standard catenary.

"The key to Primove is energy management," says Bombardier's Primove product director Mr Harry Seiffert. "It's

all about achieving a trade-off between stress on the battery and the power supply infrastructure. The fact that

there is no return current to the rail is also a key advantage."

Bombardier engineers first conceived Primove in 2003, and following a period of further development including

input from the University of Braunschweig, it set up a 1km test track at its Bautzen plant in eastern Germany in

2009. Here a 30m-long Flexity LRV was tested at up to 40km/h on a 6% gradient.

The next step was to test the operating performance and electromagnetic compatibility of the system in an urban

environment. In June 2010 Bombardier began installation of Primove on the 800m-long branch of Augsburg Line

3 to the city's exhibition centre, a project implemented in cooperation with the Augsburg Transport Authority

(SAV) with grant funding from the German Federal Ministry of Transport Building and Urban Development

(BMVBS). Test operation began in September 2010, using a bidirectional Flexity low-floor LRV, and the system

was approved for limited passenger use a year later.

During this evaluation phase, Bombardier engineers worked with external assessors such as Tüv Süd to ensure

Primove achieved all applicable electromagnetic compatibility standards, including the guidelines of the

International Commission on Non-Ionising Radiation Protection.

Bombardier says a new LRV equipped with Primove costs around 10% more than a standard vehicle, although it

aims to achieve equivalent operating performance and cost to catenary-based systems on a life-cycle basis, and

even exceed the capabilities of overhead electrification in areas such as energy consumption. "It's clear trams

won't run on Primove unless we are competitive on cost, so we need to be in the same range as conventional

vehicles because cost is important to the market," explains Bombardier Transportation CEO Mr André Navarri.

"You also have to factor in the price of the overall system, and the charging strategy for the line. The price of

Primove components will decrease over time, and our simulations have demonstrated the system is cost-effective

on a whole-life basis."
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In addition to the elimination of unsightly catenary masts, Primove can also reduce the land area required for

light rail projects. A double-track line with Primove requires a 7.05m-wide corridor, compared with the 7.6m

footprint of a line equipped with overhead catenary.

Bombardier is pitching Primove as a system that completely obviates the need for catenary, while maintaining or

improving on the performance of overhead electrification. The system is totally weather independent, and the

Primove demonstrator has been successfully put through its paces in heavy snow and over sand-covered track

with no loss of performance.

But what really sets Primove apart from competing catenary-free technologies is the potential of the system

beyond light rail. A 125m-long setion of public road in the Belgian town of Lommel has been equipped with

Primove, and tests are underway with a bus and a car. In June Bombardier and Braunschweig Transport

launched a BMVBS-supported project to test two Primove-equipped buses on a 12km bus route in the German

city. Bombardier is also extending the technology to commercial vehicles and is testing a van with a new

prototype power receiver for smaller road vehicles at its eMobility facility in Mannheim.

Bombardier anticipates that the global electric bus market will represent 235,000 new vehicles over the next

decade, and the value of the electric bus/taxi market is expected to increase from $US 6.24bn to $US 54.1bn by

2021. As light rail systems are almost universally electrified, the arguments in favour of adopting induction

technology are naturally quite different from those for road vehicles. But the extension of Primove to other modes

means economies of scale and the commonality of components could help to make this innovative technology

even more accessible for future light rail projects.
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Background 
This briefing paper is one of a series that together comprise a European reference resource for innovative 
technologies rail-based based systems, with particular reference to light rail and tram-based schemes in 
cities and regions. The approaches are also relevant, in many cases, to heavy rail and even other forms 
of public transport for example bus. 

The resource is one of the Investments undertaken for the Sintropher project funded under the 
INTERREG IVB North West Europe Programme for transnational co-operation. The overall aim of 
Sintropher project is to develop sustainable, cost-effective solutions to improve connectivity to, from and 
within poorly connected regions in North-West Europe - to use innovative transport links to connect 
peripheral regions of NWE with the core European transport network of high-speed trains, via effective 
interchange hubs.  

There has been a particular focus on tram-train systems which allow local trams to run on to national rail 
networks, pioneered in Germany, firstly in Karlsruhe and developed in Kassel, which allow urban tram 
systems to extend over national rail tracks to serve extensive city regions. The project has also looked at 
other innovative forms of tram systems such as single-track tramways, as well as high-quality transport 
interchanges that link such systems to major national or transnational rail or air hubs. 

The project began in late 2009, with fourteen partner agencies in five EU Member States, and  lead 
partner University College London (UCL): Valenciennes (France); the Fylde Coast (UK); West Flanders 
(Belgium); North Hesse (Germany); and Arnhem-Nijmegen (Netherlands).Participants included public 
transport operators, local authorities, regional transport agencies, and universities. 

They have worked together on a series of feasibility evaluations, pilot investments and demonstration 
projects, as well as comparative analyses of EU best practice. The total budget is more than €23m, with 
funding part-financed by the EU’s INTERREG IVB Programme. 

A €1.5m project extension in 2014, covers follow-on work to capitalise on results from the initial project, 
and added a fifth objective: to test technologies for low cost transport links in different territorial contexts, 
plus integrated territorial corridor plans that help these links unlock wider economic and regeneration 
benefits; and better recognise these in business cases.  This included two new partners (total now 16) 
and two extra demonstration regions (total now 7) in West Flanders Brugge-Zeebrugge (Belgium) and 
Saar-Moselle (a cross-border region France-Germany).  

 

Innovative technologies for light rail and tram – 
developing opportunities 
Previous results from Sintropher show that low-cost systems, such as tram-train, tram-rail, and single-
track tram systems, have clear potential but there is no single “best” solution and these opportunities must 
be assessed and adapted to city/regional circumstances. (Sintropher Report Connecting European 
regions using Innovative Transport. Investing in light rail and tram systems: technological and 
organisational dimensions.  See references at end.) 

Additionally over the 5 years of Sintropher, there have been dramatic developments in relevant transport 
technologies.  The most important are (a) very long-life batteries that allow electric trams and trains to 
operate over substantial distances “off the wire”; (b) charging devices that boost battery life by recharging 
at stops en route – e.g. the supercapacitator  technology demonstrated at the 2010 Shanghai Expo, or the 
induction system employed by Bombardier in their Remove trams and buses; (c) discontinuous 
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electrification that allows electric trains and trams to “coast” under bridges and through short tunnels 
where it would be impossible or prohibitively expensive to install overhead catenary. 

Also, a recent Report by UK Network Rail “Network RUS: Alternative Solutions” (July 2013) - an input to 
its Route Utilisation Strategy for long-term planning of the national rail network - has reviewed these 
developments.   This work followed a remit to think imaginatively about cost effective solutions for 
accommodating growth in UK passenger demand, and operating services more efficiently. The solutions 
which are considered in the UK context are generally over and above the conventional solutions such as 
types of rolling stock and 25kV AC overhead line electrification. It looked at tram-train, tram systems, 
battery-powered vehicles, hybrid light rail, personal rapid transit, bus rapid transit and guided bus, and 
electrification solutions for lightly-used routes. Its main focus is existing rail lines in the UK network, but it 
can also be used to consider options for new transport corridors in urban areas.  

The Report’s overall comment is “Whilst some of the solutions are close to an appropriate stage of 
development (or adaption) for introduction onto the UK rail network, others will require more attention, for 
example on battery technology. It is important to be aware that, by definition, a process of innovation is a 
process of change and that some technologies that are not listed as appropriate at present may become 
appropriate after further development work. It is possible that over the next 30 years there may be some 
significant technological developments that could reshape the market for public transport and how it is 
powered.” 

So within the project’s partner regions, there has been further feasibility work to test these kinds of 
innovative low-cost solutions in different city/regional contexts, including new developments in technical 
solutions. 

The European reference resource informs project partners’ work, and is also intended to be of relevance 
to much wider audiences especially. Particular target audiences are governmental authorities and 
transport agencies at city, regional, national and EU levels; and transport professionals and practitioners 
who may be involved in the initiation and implementation of new transport links 

The reference resource is a snapshot in time (September 2015) and obviously the field of technologies is 
developing on an ongoing basis - it is hoped to update the briefing papers periodically as necessary. 

 

Alimentation Par le Sol (APS) 
Literally meaning ‘feeding via the ground’, Alimentation Par le Sol (APS) is a modern third-rail electrical 
pick-up power supply mode pioneered in France in 2002 and used in selected urban tramways globally. 
APS systems boast high standards of safety and efficiency, and are minimally invasive aesthetically, 
which makes them especially suitable for urban settings. 

Overall infrastructure costs relative to catenary installation remain higher and APS systems can 
experience problems when operating in extremely wet and rainy conditions. But despite this, many cities 
around the world are currently adopting APS and the system is experiencing a renaissance with recent 
improvements in reliability delivered through advances in technology.  
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Left: APS track sections showing third rails, powered segments, and neutral segments. Right: An Alstom 
Citadis train running on the Bordeaux APS network. 

Technology 
APS rail technology is distinct from most other methods of supplying power to trams. Instead of picking up 
power from a conventional overhead wire, the system uses a third rail placed centrally between riding rails 
to transfer power to the tram. The rail is broken into two types of segments: neutral segments (~3m) and 
powered segments (~10m).  

The trams riding over these third rails utilise power shoes or skates to collect electricity from the powered 
rails, which are only activated when special radio antennae under the tram signal these rail segments to 
energise. Thus, only the segments directly under the moving tram which have been signalled by the 
undercar antennae will be electrified at any one time. This system is visualised below.  

 

Above: APS track/tram interaction and visualisation of the electrified section of the rail. 
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Attractiveness 
• APS is compatible with all types of road surfaces and can be extended relatively easily along 

existing rail, making it suitable for retrofitting. 
• It offers safety benefits where other electrification processes would pose safety risks to 

pedestrians and road users. 
• Advances in shoe collection technology allow greater line energy transfer efficiencies and reliability 

(up to 99%) relative to other catenary and non-catenary operations.  

Risks 
• APS tramways experience problems operating in extremely wet environments or on roads with 

poor drainage. 
• Heavy rains on small urban streets with old stormwater systems have posed significant barriers to 

reliability in cities such as Bordeaux.  
• Technology remains expensive and significant reductions in capital costs not anticipated with 

further development. 

Track Record 
Despite most historic ground level power supply systems being replaced by overhead wires or buses over 
the 20th century, a number of cities have announced new APS tramways over the past decade.  

France was originally the largest adopter of this technology with three networks using APS in Bordeaux, 
Reims, Angers, and two more proposals under consideration in Marseille and Tours. In addition the UAE, 
Australia, China, Brazil, Spain, the USA, and Italy are all considering or have prepared proposals for APS 
tramways.  

 

APS Case Study: Bordeaux Tram 
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System Specifications: 

Line Length[1] Stations[1][2] Route 

A 20.6 km 41 Mérignac Centre - La Gardette Bassens Carbon Blanc and Floriac 
Dravemont 

B 15.2 km  32 Pessac Centre - Berges de la Garonne 

C 8.1 km  17 Terres Neuves - Berges du Lac 

- - - 14km total APS tramway between lines 

 

Rolling Stock: Alstom Citadis Trams with specifications shown below. 

 

 

Status: Line B: extension under construction, completion summer 2015. 

Line C: extension under construction, completion April 2015 

New tram-train: 7.5km branch from line C, completion 2015 

New Line D: 9.8km, under planning, expected delivery 2017 

 

Line A completed 21 December 2003; extended Sept 2005, Feb 2007, and May 2008 

Line C completed 24 April 2004 

Line B completed 3 July 2004; extended May 2007, October 2008 
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Cost: EUR 1.2bn. Phase 1: €690m 2003-4; and phase 2: €560m 2006-8 

Ridership: 117 million passenger journeys in 2012 

 

Why was the technology chosen in Bordeaux? 
Urban aesthetics: overhead wires were considered by the French Ministry of Culture and the public as 
invasive and irreconcilable with the urban form of the dense city centre. 

Safety: Traditional conduit systems were deemed unsafe by government to use in the conditions of 
Bordeaux. 

Solution ‘of the times’: Innorail (alongside Electricité de France) was commissioned to develop APS as a 
method to deliver a catenary-free, non-electrified third rail system. 

Benefits 
• The system has received acclaim for eliminating the need for overhead wires and preserving the 

aesthetic form of the dense urban centre.  
• Safer alternative to conduit power systems as APS track electrification occurs only on track 

segments directly underneath each tram. 

Drawbacks 
• The system has faced difficulties on some streets with poor drainage where heavy rains can lead 

to short-term flooding and severe delays. This led the city to replace roughly 1km of APS tramway 
on streets with chronic flooding with overhead wires.  

• Maintenance costs greatly exceeded initial estimates leading Bordeaux to initially spend more on 
the small portion of APS track than on the rest of the conventional tram network combined. 

Assessment 
Over the first two years of APS being rolled out in Bordeaux, tram ridership increased by roughly 25 per 
cent. While originally susceptible to cancellation due to heavy rain or flooding, improvements in drainage 
along tracks alongside better planning around extreme weather events has increased tram reliability along 
the APS to 99 per cent.  

Additionally the implementation of APS has seen the removal of a number of overhead wire “webs” in the 
urban core allowing Bordeaux to preserve many of its historical sights and vistas. While it is difficult to 
argue whether the cost of APS justified its use, different judgements on the value of urban form and 
heritage preservation may make the system appear worthwhile. In general, France places significant 
emphasis on preserving urban “beauty” with often greater engineering costs. Thus, in contexts where 
such value is placed on urban form such as Bordeaux, the system can provide “return” on investment. 

Future Prospects and Transnational Relevance 
APS technology has demonstrated itself as a viable catenary-free alternative. While engineering costs are 
still high when compared to conventional trams the cost of implementation is expected to decrease 
somewhat with time as the technology becomes more popular. Indeed even if costs remain high many 
cities are placing a greater emphasis on preserving urban form and may benefit from APS systems.  

Future improvements for APS technology include: increasing energy efficiency as it is still less efficient 
when compared to battery and super-capacitor trams; reducing engineering and maintenance costs; and 
increasing current capacity to allow longer trams on steeper gradients. 
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While APS technology has been pioneered by the French, the system has significant application in many 
other contexts. Indeed any city with a desire to explore third-rail systems can benefit from APS 
technology. In June 2013 Rio de Janeiro placed an order with Alstom for Citadis trams designed to run 
simultaneously with APS and super-capacitors demonstrating both a more global demand for the system 
alongside the potential for APS incorporate other catenary-free technologies. 

 

Transnational relevance 
The technologies and approaches and city/region case examples on the reference resource are context-
specific and reflect: 

• the geographical context: for example the extent of the urban or regional rail (and/or tram) 
network and degered of electrification or non-electrification; density of traffic; extent of urban 
and rural areas; and physical urban conditions such as street width, environmental conditions, 
historic areas.  

• the technical context: the national regime of  technical standards for rail or tram infrastructure, 
rolling-stock vehicles, rail electrification power supply. 

• the regulatory context: the national regime for matters especially safety standards, CO2 
emissions, environmental impact. 

Some of the technical and regulatory matters are EU-wide. A Sintropher Report on the technological and 
organisational aspects of innovative tram-based systems looks at the desirability of greater harmonisation 
across Member States where different standards exist (see references).  

These potential low-cost solutions now need to be tested in different regional cases in EU Member States. 
There are some distinct physical differences:  

• rail systems in most Member States were built at lower cost than in the UK, with fewer over-
bridges and more at-grade road/rail crossings, which may reduce the benefits of some 
technological alternatives (e.g. discontinuous electrification). 

• many areas have historic towns where conservation considerations make overhead catenary 
undesirable, increasing the advantage of battery-based solutions. 

• in many European countries, in contrast to the UK, many urban tram systems have been 
maintained, or even constructed in the last 20 years, making tram-train solutions more 
relevant. 

Even though the various approaches and case examples are context-specific, their transnational 
relevance is strong: 

• the approaches offer a stimulus and possibilities for wider thinking by cities and regions in 
other European countries 

• some or all of the various approaches might be potentially adaptable within the particular 
organisational and governance regime of another country, and technical and regulatory 
regime. For example the Governments’ UK tram-train trial in Sheffield, Network Rail’s UK trial 
with battery power for trains on a non-electrified heavy rail line in East Anglia, and (in 
Sintropher) Province Gelderland’s feasibility studies  for battery power to enable electric trains  
to operate on non-electrified routes in their regional network..  

The reference resource should be seen from this perspective, as a means to promote knowledge transfer 
and learning across different NWE countries and regions. 
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Sources 
http://en.wikipedia.org/wiki/Ground-level_power_supply 

http://www.railengineer.uk/2012/11/28/trams-without-wires/ 

http://www.railway-technology.com/projects/nice-trams/ 

http://citytransport.info/Bod.htm 

http://vicito.jigsy.com/files/documents/Bordeaux_Fronting_the_French_Tramway_Revolution.pdf 

http://www.alstom.com/products-services/product-catalogue/rail-systems/Infrastructures/products/aps-
ground-level-power-supply/ 

http://www.alstom.com/Global/Transport/Resources/Documents/brochure2014/Tours%20tramway%20-
%20Case%20study%20-%20EN%20-%20LD.pdf?epslanguage=en-GB 

http://www.theguardian.com/edinburgh/2010/jul/30/edinburgh-trams-bordeaux-city 

http://en.wikipedia.org/wiki/Bordeaux_tramway 

http://www.railengineer.uk/2012/11/28/trams-without-wires/ 
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Further information 
This paper was produced by UCL Bartlett School of Planning (Sintropher team members Charles King, 
Giacomo Vecia, Imogen Thompson) using desk research and expert comment. The paper reflects the 
views of the authors and should not be taken to be the formal view of UCL or Sintropher project 

 

The European reference resource can be accessed on the following: 

Sintropher project website     

http://www.sintropher.eu/publications 

POLIS website  

http://www.polisnetwork.eu/sintropher or  http://www.polisnetwork.eu/res/resources 



 
 

Innovative technologies for light rail and tram 

 

14 
 

Contact details: 

 

Colin Osborne 

Project Manager 

Tel:  0044 (0) 203 108 9544 

Mob: 0044 (0) 7796 258078 

colin.osborne@ucl.ac.uk  

 

Dr. Robin Hickman 

Project Director/Reader in Transport & City Planning 

Tel:  0044 (0) 203 108 9531 

Mob: 0044 (0) 7720 548849 

r.hickman@ucl.ac.uk  

 

University College London 

Bartlett School of Planning  

Central House, 5th Floor 

14 Upper Woburn Place 

London   WC1H 0NN 

 

 



Partners

Sintropher is coordinated by

In partnership with

Co-funded by the INTERREG IVB programme for North-West Europe





Sintropher
University College London

22 Gordon Street

London WC1H 0QB

United Kingdom

www.sintropher.eu



EnterEnter
technical brochure

Customer support line:
91 503 16 02
Transport information line: 012
metroligero-oeste.es







1. Railway systems� 4

1.1	 Light rail, a cosmopolitan transportation system� 5

1.2	 The advantages of cutting-edge transport � 5

2. Metro Ligero Oeste as a concessionary company� 6

2.1	 The concession� 7

2.2	 Shareholder structure	� 7

2.3	 Chronology of historic milestones� 9

3. The Metro Ligero Oeste network� 10

3.1	 MLO zone map� 11

3.2	 Integrated diagram of railway networks  

	 of the Autonomous Community of Madrid� 12

3.3	 Main features of the MLO network� 13

4. Metro Ligero Oeste operating system� 14

4.1	 Operations� 16

4.2	 Rolling stock� 20

4.3	 Systems    � 24

4.4	 Permanent fixtures   � 26

4.5	 Marketing  � 28

4.6	 Administration  � 29

4.7	 Human resources    � 29

5. Certificates and distinctions awarded to Metro Ligero Oeste� 30

5.1	 Recognition of achievements� 31



Railway 
systems



5

w ithin metropolitan railway systems, it is trams and 
light rail that currently arouse most interest with 

respect to their deployment in medium-sized cities with 
an average population density and metropolitan areas. 

1.1	 Light rail, a cosmopolitan transit 
system

Light rail evolved from the traditional tram to become 
a groundbreaking, user-friendly, green, extremely safe 
method of public transport.

Light rail runs on a reserved but not exclusive track, 
enabling it to operate overground sharing traffic with 
other vehicles. Although this reserved platform 
separates it from private vehicles, it allows for 
level crossings with pedestrians and the rest of 
the traffic, fitting seamlessly into the city. The 
incorporation of new technologies enables it 
to benefit from priority at traffic lights, to offer 
real time information and to offer greater 
passenger safety.

1.2	 The advantages of cutting-edge 
transport

INTEGRATED  

Designed to save space in cities and to improve quality 
of life, winning back space for pedestrians and public 
transport. 

INTERMODAL 

It allows passengers to link up easily with all the methods 
of transport in the Autonomous Community of Madrid 
during its operating hours from 6 a.m. to 1.30 a.m.  

PUNCTUAL

It avoids traffic congestion and saves time of looking for 
a parking space. Its transit signal priority also guarantees 
timetable reliability. 

SAFE

For a substantial portion of the journey, it travels along a 
platform that is separated from road traffic, its operation 
is monitored and managed from a Central Control Centre 
(CCC) and it is programmed to adapt its speed to the 
section it is running in.  

USER FRIENDLY

The vehicles are adapted to ensure they are easy to 
access and safe, making them suitable for persons with 
reduced mobility, baby strollers and bicycles. 

GREEN

It does not emit gases and its direct contamination is very 
low. In figures, one single light rail train moves the same 
number of people as 170 private vehicles. 

AFFORDABLE

Passengers can use the Public Transport Pass of the 
Autonomous Community of Madrid fare system whose 
prices are very reasonable.

Light rail evolved from the traditional tram to become a 

groundbreaking, user-friendly, green, extremely safe method 

of public transport. 
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2.2	 Shareholder structure 
MLO’s shareholder structure is comprised of three 
companies of recognised standing in their respective 
business areas: 

 
 
 
 
 
 
 
 
 
 
 
 
Aberdeen - 56,70%

•	Aberdeen Asset Management is one of the world’s 
largest investment companies. It has a significant 
global presence and the scale and expertise to help 
clients meet their investment goals.

•	As a leading global asset manager, Aberdeen Standard 
Investments is dedicated to creating long-term value 
for their clients. They offer a comprehensive range of 
investment solutions, as well as the very highest level 
of service and support.

I n July 2006, the company was awarded the public 
works concession contract for a period of 30 years.

Since 2007, Metro Ligero Oeste (MLO) has been 
managing the operations of the entire light rail system in 
the western area of Madrid. 

2.1	 The concession

MLO is a concession awarded by the Autonomous 
Community of Madrid, which, since July 2007, has 
linked the municipalities of Boadilla del Monte, Alcorcón, 
Pozuelo de Alarcón and Madrid up to the Metro, Suburban 
Rail and City and Intercity bus network managed and 
coordinated by the Regional Transport Consortium of 
Madrid.

In July 2006, the company was awarded the public 
works concession contract for the light rail lines between 
Colonia Jardín and the stations of Aravaca (ML2) and 
Colonia Jardín and Puerta de Boadilla (ML3) for a period 
of 30 years.

The MLO network is formed of two lines, with a total 
length of over 22 kilometres, 28 stops and a fleet of 27 
vehicles.

Since July 2007, MLO has managed the operating 
(operations and maintenance) of the entire system: 
works, facilities and rolling stock, employing a workforce 
of around 231 people. The project represented an initial 
investment in rolling stock, works, facilities, and technical 
and human resources of almost 673 million euros. 

In July 2006, the company was awarded the public works 

concession contract for a period of 30 years. 
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ALEATICA - 23,30%

•	ALEATICA is a new breed of transportation company. 
Its fit-for-purpose structure as a pure operator of 
transportation assets allows it to focus exclusively 
on conceptualizing and operating roads and other 
transportation assets in Spain and Latin America. 

QUEENSPOINT - 20%

•	A joint venture formed of Allianz Capital Partners and 
Bastion Infrastructure Group. 

Queenspoint is a long term investment vehicle and asset 
manager which acquires, holds and actively operates 
middle market core infrastructure assets -in fields such as 
transport, energy, telecommunications, waste, water and 
others- largely under PPP contractual and risk allocation 
structures.

23,30% 20,00%56,70%

OHL ConcesionesAberdeen Queenspoint
Shareholder structure



9

2.3	 Cronología de hitos históricos

Chronology of historic milestones

August: Construction MM

15 July: 15 million users
September: ISO 27K certification

5 March: 20 million users
October: diMLO launched
28 October: 25 million users

October: Association with OHL
in preventive management
November: UITP Award

February: Construction OC

20 April: Bid publication
25 June: Bid submission
18 July: Award

May: End of construction
27 July: Commercial service

19 April: 5 million users
September: ISO 9K, 14K
and OSHAS 18K certification

28 May: 30 million users
June: MLO takes over preventive maintenance 
of permanent fixtures and rolling stock

July: ISO/OSHAS recertification
October: OHL Health & Safety Award

27 January: 35 million users
March: Inauguration of Express Service
May: Activation of ‘Salida Oeste’ App

April: CRTM Award for the Promotion of 
Sustainable Mobility and Public Transport
October: 40 million users
 diMLO launched

November: Award for the best European
Light Rail Operator of the year

30 August: Company incorporation 
15 September: Concession contract
12 December: Financing contract

5 December: 10 million users

2005
2004

2006
2007
2008
2009
2010
2011

2012
January: Passenger Wi-Fi service
June: 10 million km travelled

November: 3rd place in international 
tram drivers contest
December: Award for three innovative initiatives
in the 1st edition of the Innova Awards

January: Award for the CSR educational project
II Awards for the Promotion of Sustainable Mobility
and Public Transport

2013

December: Most innovative enterprise 
in 2nd edition of the Innova Awards

November: Excellence Award in Maintenance
Management 2015, in Infrastructure category2015

October: Installation of USB charging
points inside vehiclesJune: 60 million users

May: Launch of new website and MLO App2016

2014

September: Change maintenance vehicle
fleet for electric cars

April: 65 million users
27 July: MLO 10th anniversary2017

2019

December: Project for smart regulation
of platform lighting

February: 70 million users
November: 75 million users2018
May: certified in conciliation, MLO is a 
family responsible entity.
December: 83 millon users

AENOR certified us of the 
Operational Railway Safety 
Management System.
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Almost 200,000 people who live and work in the 
municipalities of Madrid, Boadilla del Monte, 
Alcorcón and Pozuelo de Alarcón can use the 

light rail network managed by MLO.

3.1	 MLO zone plan

Since 2007, the public transport system of the 
Autonomous Community of Madrid has incorporated into 
its transit network 36 km of light rail divided into four lines. 

Since the month of July of that same year, MLO has 
managed two of them, linking the municipalities of Boadilla 
del Monte, Alcorcón and Pozuelo de Alarcón up to the 
Metro, Suburban Rail and City and Intercity bus network 
managed and coordinated by the Regional Transport 
Consortium of Madrid.

Areas serviced ML2

1 	 Colonia Jardín

2 	 Quirón Hospital

3 	 RTVE

4 	 La Finca Business Estate

5 	 Zoco de Pozuelo Shopping Centre

6 	 Somosaguas University Campus 

7 	 Aravaca Renfe-Suburban Rail Station

Areas serviced ML3Areas serviced ML3

1 	 Colonia Jardín

8 	 Ciudad de la Imagen / Carrefour

9 	 Kinépolis Leisure Centre

10 	 San Pablo CEU University

11 	 Ventorro del Cano and Prado del 
Espino Industrial Estates

12 	 Santander Group Financial Hub

13 	 Boadilla del Monte town centre

1

3

2

4 5

6

7

8

9

10

1112

13

Since 2007, the public transport system of the Autonomous 

Community of Madrid has incorporated into its transit network 

36 km of light rail divided into four lines.
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A
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3.2. Integrated system of railway 
networks of the Community of Madrid

Cambio de tren
Change of train

Transbordo corto
Metro interchange

Transbordo largo
Metro interchange
with long walking distance

Metro Ligero
Light Rail

Terminal autobuses nocturnos
Night buses Line Terminal

SIMBOLOGÍA - Key

Estación de tren de largo recorrido
Railway station

Autobuses largo recorrido
Interegional bus station

Autobuses interurbanos
Suburban buses 

Autobús Exprés Aeropuerto
Airport Express Bus

Aeropuerto / Airport
Adolfo Suárez Madrid-Barajas

Atención al cliente
Customer Service

Aparcamiento disuasorio
de pago
Paid Park and Ride

A Zonas tarifarias
Fare area

Parada y línea de Cercanías
Suburban railway station and line

Fanjul

Metro library

Estacionamiento de bicicletas
Bicycle parking

Espacio Histórico de Metro
Metro Historic Space

ATENCIÓN A LA TARIFA
Validación a la SALIDA
PAY THE RIGHT FARE
Ticket checked at the EXIT

Objetos perdidos
Lost and found

Productos oficiales Metro

Aparcamiento disuasorio gratuito
Free Park and Ride

*Excepto días con evento
*Except days with event

L Í N E A  M E T R O  ·  METRO LINES
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L Í N E A  M E T R O  L I G E R O  ·  LIGHT RAIL LINES
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3.3	 Main features of the MLO network

The MLO network is formed of two lines: on the one hand, 
ML2, which links Line 10 of the Metro to the municipality 
of Pozuelo de Alarcón, has 13 stops from Colonia Jardín 
to Aravaca station and a length of 8.7 kilometres; and on 
the other, ML3, which runs between Colonia Jardín and 
Boadilla del Monte, and has 16 stations and a total length 
of 13.53 kilometres. 

 

	 All our stations can be easily accessed 
by people with reduced mobility

Commencement of works February 2005

Commissioning July 2007

Length 8.63 km 13.53 km

Stations or stops 13 (3 underground) 16 (2 underground)

Interchange stations 2 2

Average distance between stops 720m 900m

Total route time 22,5 minutes 32 minutes

Maximum operating speed 50km/h (urban),� 70km/h (suburban), 20km/h (pedestrian)

Average commercial speed 23,01km/h 25,36km/h

Vehicle availability at rush hour 10 13

Frecuency at rush hour 6 minutes

Track gauge 1,435m

Standard platform width 7.80m

Average platform length 45m

Electrical service connections 3

Structures 2 bridges and 8 tunnels 4 bridges and 5 tunnels

Traction substations 4 underground/ 1 surface 4 underground/ 3 surface

Longest tunnel length 1,150m 880m

Road crossings 13 49
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The operating system includes the areas of operations,  

rolling stock and permanent fixtures.

MLO is a company structured into five operating 
areas, centred directly on production, and two for 
support, which play a key role in the development 

of the company.

The General Management are supported by an Integrated 
Management System, which enables them to monitor 
business performance from different perspectives, 
ensuring correct strategic decision-making.

The operating system (operations and maintenance) 
is managed in its entirety by MLO: works, facilities and 
rolling stock and currently employs a workforce of around 
230 people.

Organisational structure

Mission
To offer a safe, punctual, user-friendly, sustainable 
mobility service.

Vision
To become a national benchmark in the passenger 
transportation industry and in sustainable 
mobility, standing out on account of its dedicated 
commitment to its stakeholders.

Values
Professionalism, motivation, integrity, teamwork, 
respect, pride in belonging to the organisation, the 
quest for excellence, stakeholder centricity, social 
responsibility and compliance.

■ Operating Areas 

 Management System Functions 

■ Support Areas  

■

General Management

 

Marketing
Permanent

 fixtures
Rolling
stock

Systems   

Administration 

Human 
Resources

Operations

Regulatory 
compliance

Sustainable
 development

Data
 protection

Quality

Environment 

Health 
and safety

Safety management 
system



SAFETY

•	 Deployment of a Safety Management System (SMS) 
that serves to monitor regular risk factors, to prevent or 
mitigate them, and to guarantee a safe, reliable service. 

•	Definition and monitoring of a Self-Protection Plan that 
serves to manage potential emergency situations, 
coordinating own and external support teams (fire-
fighters, police, etc.).

SURVEILLANCE

Control of surveillance service provision

•	Preventive surveillance of facilities and their accesses

•	User surveillance and support for operating staff

•	Management of CCTV circuits

•	Collection and transportation of securities

CCC

Control of the operating system and customer 
information

•	 Traffic management and real-time information for 
customers

•	Remote control and surveillance of system operating 
mechanisms

•	Coordination of maintenance procedures

•	 Incident management and coordination for service 
resumption

4.1	 Operations

The Operations division employs around 129 people 
(drivers, inspectors, CCP (Central Control Center) 
operators and customer service staff).
The scope of its management includes:

THE LINE 

TRANSPORT SERVICE PRODUCTION 

•	Service planning  

•	Driving and provision of the public transport service

•	 Inspection and fraud control

•	Training and continuous professional development for 
the corresponding operating positions

16



-	 Pump wells and tunnel ventilation 

-	 Tunnel ventilation

-	 Ticketing

MANAGEMENT INDICATORS

•	Availability (% of kilometres completed/ planned):

-	 99.76% in 2019

•	Punctuality (journeys without delays of over 1 minute):

-	 97.16% in 2019

•	Accident rate (collisions):*

-	 Average since 2008: 4.0 accidents x  106 km

-	 Past 12 months: 3.12 accidents x  106 km 

*	 This indicator refers to collisions with third parties, in which it is important 
to note that no serious injuries occurred in any of the cases and none 
were the result of errors or transgressions by MLO drivers.

TOOLS

The Central Control Centre (CCC) uses the following 
tools to perform its tasks:

SCADA Supervision and control of the energy system.

OAS Operation Assistance System: vehicle location and 
frequency management.

CTC Centralised route and railway signalling control 
system.

Communications (radiotelephony, interphone, public 
address, telephony).

UTC  Road traffic light control. 
CCTV Surveillance system.

SRC Station remote control including:

-	 Lifts

-	 Escalators

-	 Fire detection

17
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Parking building

Washing tunnelStorage

Workshops and depots
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Maintenance workshop

CCC – Central Control CentreOffice

Service building
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4.2	 Rolling stock

MLO employs a group of around 26 professionals who 
manage the integrated maintenance of 27 vehicles and 
the workshop equipment located in the depots.  

THE VEHICLES

MLO vehicles belong to Alstom’s Citadis range, model 
TGA 302.

This is a fully low-floor vehicle measuring 32 m long and 
with a capacity for more than 200 passengers. It has 
specific areas for persons with reduced mobility and 4 
double and 2 single doors on either side. It can reach a 
maximum speed of 70 km/h, accelerating to 1.20 m/s2, 

and braking with a deceleration of 3 m/s2 in the event of 
an emergency stop.

All the vehicles are equipped with an Internet connection 
for mobile devices thanks to their Wi-Fi network and USB 
chargers.

THE DEPOTS

MLO depots have the facilities required to carry out the 
integrated maintenance of the vehicle fleet throughout its 
useful life, including major inspections.
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The most noteworthy elements of the facilities are:

•	A washing tunnel

•	A sand hopper with a 30 mt silo

•	A wheel lathe

•	Lifting jacks

•	Overhead cranes

•	Train roof access platforms

•	An underside washing area

MANAGEMENT INDICATORS 

•	99% fleet availability.

•	98% fleet availability.
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A
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22

1 	 Cab air-conditioning

2 	 Low voltage panel board

3 	 Traction converter

4 	 16 seats on each bogie

5 	 Motor cooling unit

6 	 Passenger car air-conditioning system 

7 	 Double door with a clear width of 1.300 mm

8 	 Breaking resistor

9 	 Static converter and battery box 

10 	  Pantograph

11 	 Bogies accessible for maintenance

12 	 High speed circuit breaker

13 	 Lightning arrester

Trailer bogie



Alstom Transport
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Modular components of the car body for 
collision safety and easy repair and replacement
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modules
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protection
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Complete
cab module
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Model ALSTOM CITADIS TGA 302

Total fleet planned
27 units (23 in commercial service, 2 in 
reserve for operations and 2 in reserve 
for maintenance)

Bogies 3 bogies (2 motors and 1 trailer NP)

Type 100% low floor

Speed
20 km/h in platform shared with 
pedestrians, 50 km/h in urban area and 
up to 70 km/h in suburban section

Length 32,34 m

Line geometric 
parameters

Capacity to climb inclines of up to 8% 

Minimum curve radius 16 m in workshop

Full width 2,40 m

Full height 3,20 m

Access height 320 mm

Composition weight 40 tons

Capacity 204 (54 seats and 4 pax/m2 standing)

Supply voltage 750 V.
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4.3	 Systems    

The running of modern transit networks is based 
on a core technological pillar where IT systems and 
communications play a key role. 

The communication systems and 
networks that support MLO lines are 
divided into:

•	Communications systems: they 
enable data, voice and video commu-
nications to be established between 
the Central Control Centre and the 
different elements spread across the 
line and the vehicles. 

•	Control systems: they comprise the 
supervision and control of all the 
facilities and vehicles of both lines.

•	 Integrated ticketing systems in the 
Regional Transport Consortium of 
Madrid system.

•	Software packages and mana-
gement applications required for 
the operating procedures of Metro  
Ligero Oeste.

•	Safety and recovery systems intended for service 
maintenance and contingency and recovery plans both 
for data as well as for systems in the case of incidents.

MANAGEMENT INDICATORS

The indicators that measure the efficiency of the 
department are based on the availability of the critical 
systems with the following breakdown:

•	Essential communications:  
-	 Required limit of 99.98% 
-	 Availability achieved in 2018: 99.99%

•	Control and communications equipment and Central 
Control Center system.:
-	 Required limit of 99.00%
-	 Availability achieved in 2018: 99.87%

•	Ticketing, sales, validation and oversight equipment:
-	 Required limit of 98.50%
-	 Availability achieved in 2018: 99.73%

The Systems Maintenance division is responsible for 
providing technical support for all these systems and for 
performing the following tasks for them:

•	Configuring and managing opera-
ting systems, application and da-
tabase servers, website servers, 
network architecture design and 
communication device administra-
tion.

•	Securing systems and 
communications. 

•	Analysing and developing or 
deploying software solutions.

•	Dealing with hardware and 
software queries and incident 
troubleshooting.

The Systems Maintenance division 
employs a team of around 15 
professionals to perform all these 
activities:

•	Systems engineers and administrators, whose task 
is the management and maintenance of the technical 
equipment, systems and communications in place.

•	A software development analyst-programmer, whose 
task is application development and deployment.

•	Systems technicians and operators, whose task is 
the maintenance of the technical equipment, systems 
and communications in place in the DPCs (Data 
Processing Centres) of the Central Control Centre, 
the line technical rooms and office and customer 
service workstations.
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4.4	 Permanent fixtures    

MLO employs a team of around 43 professionals in a 
variety of areas, track, electrification and signalling, who 
carry out the maintenance of the entire infrastructure as 
well as the engineering of all the modifications.

The MLO system consists of:

•	22.4 km of double track with grooved embedded rail 
on an accessible concrete platform. A jacketed rail 
system.

•	24 stops with 45 metre-platforms, exclusive lighting 
and a covered shelter.

•	Three underground stations and one in a cutting and 
two terminal interchange stations.

•	750 VCC electrification with tram catenary integrated 
into the urban areas it operates in.

•	12 traction substations with an installed traction power 
of 12 MW and 18 transformation centres that form two 
interconnection rings, respectively.

•	62 road junctions to regulate vehicle and light rail traffic, 
as well as pedestrian crossings, which give transit 
priority to light rail over road traffic. 

•	A railway signalling system that guarantees the traffic 
safety of light rail vehicles through the use of audio 
frequency track circuits and electro-hydraulic point 
motors.

•	A fire protection system in all MLO technical rooms, 
air-conditioning systems, forced ventilation in tunnels, 
pump wells and rescue systems, as well as generator 
sets and uninterruptible power supply systems 
form part of the action area of the permanent fixture 
department.

•	The OAS (Operation Assistance System) informs 
the control room of the position of the entire fleet, 
guaranteeing compliance with scheduled frequency 
in addition to recalculating frequencies should any 
incidents occur.

INNOVATION

In conjunction with Alstom, the signalling system 
manufacturer, the department develops the SIDI 
software tool for the monitoring and remote maintenance 
of the 6 interlocking machine rooms that form part of the 
signalling system. Engineering and joint development of 
the SCADA systems, integrating all the remote systems 
into Siemens’ SCADA WINcc Open Architecture, which 
allows the equipment in all the technical rooms to be 
accessed directly and a large portion of incidents to be 
solved without the need for onsite technical assistance. 
These new developments will make current systems 
even smarter, for example, the Tunnel and Platform 
Smart Lighting Control (CEIPT) and the Tunnel Ventilation 
Control System (SCVT), which will be used to manage 
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air quality and temperature in stations and tunnels and 
to configure ventilation in the event of a fire. The power 
consumption of the entire network is also managed in 
real time ensuring its optimisation. 

MANAGEMENT INDICATORS 

In 2018, the incidents attributed to Permanent Fixtures 
affecting operations accounted for a monthly average for 
all journeys of only 0.6 min. delay/ month and 9.1 km lost/ 
month. 
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WEB MLO 
www.metroligero-oeste.es

 
 
APP MLO 
Real time service information 

 
 
 
 MLO PROFILES

  
(http://Facebook.com/MLOeste) 

  (http://www.twitter.com/MLOeste) 

  
(http://www.flickr.com/photos/mlooeste/) 

  (http://www.youtube.com/MLOoeste) 

         (http://www.instagram.com/metroligerooeste/)

	       (http://www.linkedin.com/company/metro-ligero-oeste-s-a-)
 

 
CORPORATE BLOG   
www.blog.metroligero-oeste.es 

REAL-TIME INFORMATION DISPLAY SCREENS 

Real time service information 

4.5	 Marketing  

• Customer service 

• Market analysis

• Communications and promotion

• Public relations

• Corporate Social Responsibility

MANAGEMENT INDICATORS

•	A total of 465 complaints were recorded in 2019, 4% 
less than the average of recent years.

•	An average response time of 4 days in 2019 for 
complaints and suggestions received from our users. 

Technological innovation at the service 
of users 
 
MLO makes a firm commitment to 
cutting-edge technology and smart 
mobility in cities.

• Real-time information (App and website) 
• Public Transport Pass (PTP)  
• Multi-Card
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4.6	 Administration

•	Financial

•	Accounting

•	Legal and insurance

•	General services

The Administration and Oversight division is  
responsible for:  

•	Performing and executing all the tasks resulting from the 
budgetary, economic, administrative and accounting 
management of MLO, analysing on a monthly basis the 
results obtained and making the necessary budget ad-
justments for the purpose of ensuring that the company’s 
equity position is sound and that the business is profitable 
for its shareholders.

•	Providing the necessary support for the other MLO 
departments, overseeing the appropriate provision of 
goods, services and economic resources requested 
by these departments so that they can perform their 
tasks properly and always complying with valid tax, 
commercial, legal and accounting obligations.

•	Monitoring personal accidents and acts of vandalism 
that occur on the facilities.

•	Providing the company with communal services, such 
as a cafeteria, cleaning, courier services, etc.

4.7	 Human Resources

•	Staff

•	Health and safety

•	 Internal regulations

The MLO workforce comprises approximately 230 
members of staff with a young, skilled profile.

Key aspects:

•	The firm commitment of MLO to professional 
development. 

•	The creation of an Internal Health Promotion Plan, 
guaranteeing the health and safety of employees and 
users. 

•	The Health and Safety Management System, started 
up in 2007/8, has adapted its procedures to the 
technical specifications of OHSAS 18001, achieving 
the certificate one year after the business began.  

MANAGEMENT INDICATORS

• In 2019, our employees received more than 5.530 
hours of professional development, rated with a grade 
of over 9 out of 10. 



Certificates 
and distinctions awarded 
to Metro Ligero Oeste
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5.1	 Recognition of achievements

Recognitions vouch for our commitment, rewarding 
aspects as important as customer satisfaction and 
environmental sustainability.

We strive every day to strengthen our commitment to 
our stakeholders, good governance and environmental 
sustainability. On this basis, we are firmly committed to 
improving our Integrated Management System, including 
new Family-Friendly Enterprise and Operating Railway 
Safety certificates.

In the distinctions section, MLO has also received: 

•	The Award for the Best Global Light Rail Initiatives 
(International Light Rail and Tram Conference – 
October 2010).

•	The Award for the Promotion of Public Transport and 
Sustainable Mobility presented by the Autonomous 
Community of Madrid 2012 (Regional Transport 
Consortium of Madrid for the MLO Marketing and 
Communication Team).

•	The Award for the Best European Light Rail Operator 
of the Year (Annual Rail Awards - November 2013).

•	The III Tria Railway RD Award for Young Railway 
Engineers (Spanish Railway Foundation - April 2015).

•	The Award for Excellence in Maintenance Management, 
Infrastructure Category - PRISMA 3 (Sisteplant - 
November 2015).

Firmly committed to ongoing improvement: new Family-

Friendly Enterprise and Operating Railway Safety certificates 

incorporated into our Integrated Management System. 
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Project Overview and Organisation

4

Sydtrack Design  

& Construct JV

Operations  & 

Maintenance

Civil Works Rolling Stocks  

and Systems 

Maintenance
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Sydtrac - Acciona and Alstom

5

 Acciona has been operating in Australia since 2002. Globally it has approx. 32,000

employees in 30 countries and is headquartered in Madrid, Spain

 Acciona’s capabilities are focused globally on engineering, financing, constructing and

operating solutions. Its core businesses include:

• Renewable Energy

• Water

• Infrastructure

 Alstom has a presence in over 60 countries with approx. 32,000 employees worldwide.

 Global leader in rolling stock manufacturing and rail infrastructure

 Alstom specialise in:

• The TGV high speed train

• The Tilting Pendolino trains

• Citadis trams

• Hi-tech Metropolis metro trains and world leading signalling technologies
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Scope of works

6

 12 km : 
• Central : 6 km (CBD + 

Central to                       

Robertson Road Junction)

• Two 3 km branches :

 Randwick

 Kingsford

 10 Substations

 2 x 1600 m of APS

 Depots :
• Stabling – Randwick

• Depot – Rozelle (on IWLR)

 One integrated OCC (for 

both CSELR – IWLR)

 60x Citadis 305 in double 

units
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A small video from TfNSW

7
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System Engineering – How do we size a System?

Performance Requirements

PPHPD

Frequency

Choice of the vehicle 
Capacity&Frequency Couple

Simulate the travel TimeSizing the fleet

Simulate and Size the 
Power system
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 Normal operation consists of two services :
• Between Circular Quay and Randwick

• Between Circular Quay and Kingsford

 Capacity requested :
• 9000 pphpd in the common trunc

• 4500 pphpd on each branch
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CSELR – Special services

 Special services are identified as follow :
• In addition to Normal Operation :

 Central station and Moore Park – 10800 pphpd

 Central station and Royal Randwick Racecourse – 7500 pphpd

• Without other operation :

 Central station and Moore Park – 13480 pphpd
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 9000 PPHPD = Capacity of the Tram x Number of trams per hour

Crushing the numbers

>=3 Min  in 

Trams

Capacity >= 

9000/(60/3) = 450 

Passengers
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24M VERSION

(CITADIS 205) 

32 TO 37M 

VERSIONS

(CITADIS 305)
233 x 2 

= 466>450

43 TO 45 M 

VERSIONS

(CITADIS 405)

(2.40 m only)

(2.40 m only)

(2.40 m only)

Choice of the right Vehicle

WITH CITADIS X05
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Simulating the speed profile and Travel time with Muesli

LSD
• Design of Speed diagram

• Alignment and Speed Diagram transfer

to MUESLI

• Collection of Train Speed from MUESLI

• Display of all main line key information 

in a single comprehensive layout.

Software 

Bridge

Rolling Stock

Alignment
Power Supply

Speed limits

Other (Noise and 

Vibration,…)
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Stations names

and locations 
Altitudes Gradients Curves

Crossroads and 

shared zone

APS 

Zone

Train 

Speed

Speed 

Diagram
Substation

Simulating the speed profile and Travel time with Muesli
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Round Trip time = Travel Time A to B + Travel Time B to A + Turnback

time at A  + Turnback time B

Fleet Requirement = Round Trip Time / Headway

Fleet Size = Fleet Requirement + Hot Spare + Maintenance allowance

For SLR :

Round  Trip Time = 88min on each branch

Headway = 8 min start (6 min 30 s ultimate) on each  branch

Fleet requirement  = 11 per branch

Fleet size = 2 x 11 + 3 = 25 (30 ultimate)

Sizing the Fleet
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Sizing the Traction Power supply system 

Simulate to optimize architecture

 Simulations with ELBAS software

 Optimization of Power Scheme

 Analysis of HESOP performance 

Power supply architecture definition 
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To Achieve this via recurrent design
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges
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20Tramway Al Safooh – 04/09/2008 Slide 20

Wireless trams : no overhead contact line
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APS projects locations

Bordeaux

Orléans

Tours

Cuenca

Reims

Angers

Rio

ReimsDubaï
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George street in a couple of years
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If solution not defined

after steps 1 & 2,

all solutions are feasible

Catenary-less solutions: 3 steps to choose

1. 

PROJECT

LOCATION

Very hot temperature

2. 

SPECIFIC

PROJECT

REQUIREMENT

Severe slopes or long stops

due to traffic jams

3. 

CAPEX 

AND OPEX

COSTS 

ANALYSIS

Nordic countries

with hard winter conditions

Recommended solution: APS

Reason: behavior and reduced life time of on-board energy 

storage solution with very high temperature

Recommended solution: APS or APS with on-

board supercap

Reason: on-board solutions cannot cope with huge amount 

of energy

Recommended solution: full on board autonomy

Reason: avoid de-icing product and ice cleaner necessary 

with APS or other system with collecting shoe

Big fleet size and short  catenary-less section: 

APS technology is the best solution

Smaller the fleet size and long catenary-less 

section: on-board technology is the best solution
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APS basic principles: Movie
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APS – Simplified architecture

 

Sub-station 

Tram 

APS rail 

Cable ducts or APS 
rail 

Safety line emitter 

+Va  

Safety line + Auxiliary PS + supervision 

0Vr 

Running rail 

Sub-station Half section 
controlled by right sub-station 

 

Conductive segments 

connexion to 0Vr 
APS 

Running rail 

Half section 
controlled by left sub-station 

Interlocking 

Current 
return 

Power boxes 

APS 
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26Strictly Private & Confidential

APS MAIN COMPONENTS

On-board equipment

Collector shoe

- Collect the traction current from 
the APS rail (physical contact)

- Include the APS coded signal 
antennae 

Brush

- A bumper to eject objects such cans

- A brush to clean the rail from sand
and smaller objects

Battery Cubicle

- Allows train motion in case of 
loss of power on the APS rail

- Includes a battery charger 6 
kVA and the battery (15 A.h)

Main Switch Cubicle

- Allows switching the power source 
from APS rail to OHW or Battery

- Includes the APS safety emitter 
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27Strictly Private & Confidential

APS MAIN COMPONENTS

Mechanical equipment (installed by CW)

• APS rail

− Insulated support frame (rubber beam)

− Conductive segment

− Neutral zone

 
APS Conductive segment 

Neutral zones 

3 m 8 m (min 4m) 
APS rail unit 11m (min 7m) 

• Branching box / Box for Junction

− Box for Junction ensures mechanical connection between two APS rails.

− Branching box ensures the same functions as a BJ but also ensures connections to the electrical equipment 

inside the APS manhole.  

BR/BJ

Neutral zone
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28Strictly Private & Confidential

APS MAIN COMPONENTS

Electrical equipment 

• APS cabinet

− Installed inside each APS Traction Power Substation and interfacing with the 

High Speed Circuit Breaker. 

• APS power box

− Located in the APS manhole and supplying one or two APS conductive 

segments.

• APS rail antenna

− Detection loop connected to the PB are embedded in the APS rail support 

frame in order to receive the coded signal sent by the tramway.

• Cables

− Feeders cables and positive equipotential boxes,

− MFC cables (Safety line + 230Vac + Communication), 

− 0vr cables,

− Antenna cables,

− Safety interlocking line between APS cabinets in TPS

• End of line emitter

− Supply and monitor the safety line. 
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29Strictly Private & Confidential

APS MAIN COMPONENTS

Mechanical equipment (installed by CW)

• APS manhole

− Pit installed along the track which contains APS trackside electrical equipment. 

• APS turnout

− Specific APS parts designed to fit 

with turnout configuration.
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APS basic principles: Summary

 The tram is powered through two collector shoes sliding on a third rail (APS rail).
22m
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APS basic principles: Summary

22m

 Spacing between collector shoes is slighlty higher than 3m: 
 At least one collector shoe is in contact with the conductive segment. 
 No power loss while crossing 3m long standard neutral zones. 

 The standard APS rail is segmented every 11m: 8m conductive segment / 3m neutral zone.

APS Collector shoes
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APS basic principles: Summary

 Tramways are 33m long, covering every powered segments.

 After the tram passage, the segment is connected to the running rail potential by the Power Box.

22m

 The tramway safe detection is managed by an electronical unit  called « Power Box ».
 The tramway sends a coded signal to the ground to announce its presence.

 Once the tramway is safely detected, the conductive segment potential is set to 750V by the Power Box.
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What is  APS main Engineering Challenge?

Safety

Safety 

Safety

Is it safe when it rains?
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APS basic principles: APS Rail segments
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APS Basic Principle: Power Moving Bloc

Both collector shoes are on the same conducting segment
Return current via the running rail

Presence detection loop detects both presence detection signals generated at the level of the collection shoes
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APS Basic Principle: Power Moving Bloc

The leading collector shoe leaves the active conducting rail
The trailing collector shoe is still on the conducting rail and supplies power to the tram

Return current via the running rail 



© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only.
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. 
This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice.
Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

37

APS Basic Principle: Power Moving Bloc

The leading collector shoes activates the detection loop of the next APS zone
The associated contactor in the APS box is closed at no load
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APS Basic Principle: Power Moving Bloc

The next conductive segment is energized at no load

APS Basic Principle: Power Moving Bloc
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APS Basic Principle: Power Moving Bloc

As the leading collector shoe reaches the energised conducting segment, power flows from the power box to the tram through both shoes 
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APS Basic Principle: Power Moving Bloc

The rear collector shoes leaves the rear conducting segment that stays energized as the rear shoe is still over the 
associated conducting segment presence detection loop

Power flows only through the leading brush
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APS Basic Principle: Power Moving Bloc

The detection loop associated to the rear segment no longer detects the rear shoes 
The loss of detection signal triggers the closing of the associated contactor at no load.
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APS Basic Principle: Power Moving Bloc

The rear conducting segment is no longer powered and is connected to the running rail
The tram still protects the segment 
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APS Basic Principle: Power Moving Bloc

Both collector shoes are on the same conducting segment
Return current via the running rail

Presence detection loop detects presence both detection signals
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APS embedded safety

APS system has been designed to:
• ensure a full safety when an unwanted event occurs.
• maintain the operation in most of the cases.

KOOKOKOK OK OK OK OK
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APS embedded safety : Nominal mode

Each Power Box continuously and safely 
checks its connection to the running rail 
potential (OVr).

Use of static relays (no risk of spontaneous 
closure)

OK OK OK OK OK OK OK OK
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APS embedded safety : Nominal mode

A Power Box not connected to the running rail potential (Ovr) when the tramway is 
detected (safety detection) is a nominal mode.

KOOKOKOK OK OK OK OK
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A Power Box not connected to the running rail potential when the tramway is not anymore detected is an 
unwanted event.

The unwanted event is immediately reported upstream to the APS cabinet in the substation.

KOOKOKOK OK OK OKKO

APS embedded safety: Unwanted event management
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The total section is unpowered and set in a safe status.

KOOKOKOK OK OK OKKO

While no energy is available from 
the APS rail, auxiliaries are fed by the APS

on-board battery

APS embedded safety: Unwanted event management
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OKOK OK OK OKKO
OKOK

Automatically, the static relay inside the Power Box switches to the running rail potential and is locked in this 
position. This status is called “Power Box isolated”.

While no energy is available from 
the APS rail, auxiliaries are fed by the APS

on-board battery

APS embedded safety: Unwanted event management
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 The electrical section is then re-energised to the 750V.

 The operation resumes with an isolated power box.

OKOK OK OK OKKO
OKOK

Unpowered area

APS embedded safety: Unwanted event management



© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only.
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. 
This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice.
Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

51

 Next trams will proceed on momentum with auxiliaries supplied by battery on this isolated Power Box until 
its replacement.

OK OK
OKOK

Unpowered area

OKKO OK OK

APS embedded safety: Unwanted event management
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OK OK OK
OKOK

Unpowered area

KO OK OK

APS embedded safety: Unwanted event management

 Next trams will proceed on momentum with auxiliaries supplied by battery on this isolated Power Box until 
its replacement.
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OKOK OK OK
OKOK

Unpowered area

OK OK

APS embedded safety: Unwanted event management

 Next trams will proceed on momentum with auxiliaries supplied by battery on this isolated Power Box until 
its replacement.
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 Next trams will proceed on momentum with auxiliaries supplied by battery on this isolated Power Box until its 
replacement. 

 As soon as the train is back on an powered segment, it switches automatically back to APS mode.

OKOK OK OK OKKO
OKOK

Unpowered area

APS embedded safety: Unwanted event management
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APS embedded safety: Unwanted event management

OKOK OK OK OKKO
OKOK

Unpowered area

 If a train is stopped in a de-energised area, the driver can use the battery for traction to exit the critical area  
(degraded mode) 
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APS remains safe with waterlogged platform

 Measurement performed on 

different type of :
• Dry asphalt

• Wet asphalt

• Wet Grass

• Etc…

 Test Area Set-up

Fogging near the APS rail
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APS remains safe with waterlogged platform

Result on wet asphalt and 40g/l salt (equivalent sea water)

> 120V = Red zone

90 to 120V = Yellow zone

60 to 90V = Green zone

< 60V = Light blue zone
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APS remains safe with waterlogged platform

Simulation with 2cm of some water (Drinkable or salty)
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APS remains safe with waterlogged platform

Other simulations with :
• 15cm of some water
• Insulated ground

• 10cm of drinkable water 9.5 W.m
• Conductive ground 100 W.m
• Underground 0V at -20cm
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges
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A small Video on HESOP
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What is HESOP?
Definition

 An advanced reversible substation with a single converter both rectifier & inverter

 For DC networks from 600V to 1500V and from 900kW to 4MW (urban & suburban)

Main advantages :
• To capture recoverable energy in braking mode

• To provide dynamic voltage regulation to optimize power use in traction mode 
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What is HESOP?
How is Energy lost?

Braking energy dissipated into the on-board resistors

 During braking, electric motors in a train behave like generators, transforming 

movement into electricity, or 'braking energy‘

 Some of this energy is used by the train itself and by trains running nearby, 

but  the rest is lost. 

Brake resistors
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Transformer
Including AC filters

High Voltage 

Circuit Breaker

IGBT 

Converter
Including coupling 

contactor 

OCLRail

Transformer

High Voltage

Circuit Breaker

OCL

Diodes 

rectifier

Isolation 

Disconnector

Rail

What is HESOP?
Different Architecture

• No energy recovery

• No traction optimization

• 99% braking energy recovery

• Traction optimization

Classic substation HESOP substation

IGBT : Insulated-Gate Bipolar Transistor
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Reduced

Infrastructure

Costs

Environmentally

friendly

Optimized

operation

Reduced

Energy

consumption

Why HESOP is adapted to Sydney

HESOP

Very High Sustainability 

Target

Good for OPEX

Very High Sustainability 

Target

Re-Generation TfNSW

requirement

SLR = High Capacity System

HESOP Optimises the use of 

substations 

Reduced Harmonics, in line 

with Ausgrid requirements 

Reduced susceptibility to AC 

voltage fluctuation

Reduced use of Mechanical 

brakes

~ 20 Less substations

99 % Braking energy 

recoverable

Low Harmoniscs

Voltage Regulation

Low Harmoniscs
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges



© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only.
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. 
This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice.
Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

67

X05 : A LITTLE VIDEO
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Citadis : les référencesMore than 2200 Citadis sold worldwide with 1700 in service

SOUTH AMERICA

Cuenca – 14 trams

Rio de Janeiro – 32 trams

Buenos Aires – 1 tram

FRANCE

22 cities – 1005 trams

EUROPE

Barcelona – 41 trams

Dublin – 73 trams

Jaen – 5 trams

Kassel – 28 trams

Madrid – 47 trams

Murcia – 11 trams

Nottingham – 22 trams

Rotterdam – 113 trams

St Petersburg – 4 trams

Tenerife – 26 trams

The Hague – 72 trams

AFRICA

Algiers – 41 trams

Casablanca – 124 trams

Constantine – 51 trams

Mostaganem – 25 trams

Oran – 58 trams

Ouargla – 23 trams

Rabat – 44 trams

Sidi Bel Abbes – 30 trams

Tunis – 55 trams

MIDDLE EAST

Dubai– 11 trams

Istanbul – 37 trams

Jerusalem – 46 trams

Lusail - 35 trams

AUSTRALIA

Adelaide – 6 trams

Melbourne – 41 trams

Sydney – 60 trams

ASIA

Shongjiang – 30 trams
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69Strictly Private & Confidential

X05 IN SYDNEY – WHAT IS SPECIFIC?

Carbody : 
5 passenger cars, low floor
6 double doors per side

High Capacity:
Operation in double unit
68 m long
>450 passengers

Traction System : 
Compatible for 
-OHW / pantograph
-APS   / track captation

HVAC : high performance  Cabin and 
Passenger area units

Fireprotection:
Passenger areas with Smoke detection

Accessibility
Inductive loop in suspended modules
Compliance with Disability Standards for 
accessiblepublic transport
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70Strictly Private & Confidential

X05 SYDNEY – DETAILED LAYOUT

AW3 Load (4p/m²) AW4 Load (6p/m²)

Seats

Passenger 

Surface Area 

(m²)

Standees Total Standees Total

Tip-up

seats Up

position

48 46.25 185 233 277 325

Tip-up

seats Down

position

60 42.79 171 231 256 316
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HOW DOES IT LOOK LIKE INSIDE?
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72Strictly Private & Confidential

HOW DOES IT LOOK LIKE INSIDE?
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73Strictly Private & Confidential

EXTENSIVE 3D MODELLING USE

NOT ONLY FOR THAT 

BUT ALSO FOR  THAT
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74Strictly Private & Confidential

EXTENSIVE 3D MODELLING USE

• SPACE PROOFING

• ACCESSIBILITY

• CONSTRUCTION SEQUENCES
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• MAINTAINABILITY

• ERGONOMICS

• VALIDATION

EXTENSIVE 3D MODELLING USE
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DYNDYNAMICCRASH MODELLINGAMICCRASH DYNAMIC MODELLING IN 3D
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OTHER USE OF NEW TECHNOLOGIES
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78Strictly Private & Confidential

HIGH-TECH 3D MODEL? NOT EVERYTHING

NOTHING REPLACES A LITTLE BIT OF HANDS-ON ACTIVITIES…
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Presentation title - 11/12/2015 – P 17 

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial 

circumstances. It is provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

Control proposed 

to be moved to 

Zone 2 

Depreparation 

proposed to be 

moved to Zone 2 

Door Safety Loop Isolation 

Operating 

Odometer Time meter 

Panto lowering 

APS shoe raising 

Isolation 

APS Traction 

Inhibition 

Isolation 

Reserve Reserve Reserve 

Tram Depreparation 

Rollback detection 

Obstacle Detection 

Isolation 

Reserve 

Safety Loop 

Direct power 

supply 

Towing Pushing 

Deadman 

IsolationReserve 

Reserve 

Reverse Driving 

Brake 

Isolation 

Leading Vehicle 

Brake Isolation 

Trailing Vehicle 

Brake Isolation 

HUMAN FACTORS INTEGRATION 
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AC Plug added to 

minimise Driver 

distraction 

Proposed move from Zone 

2. Requires consideration 

for functional group 

Recommendation 

to cover all 

controls 
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HUMAN FACTORS INTEGRATION 
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Zone 1 

Zone 3 

Zone 2 

Floor Pedals 
Zone 4 

Zone 5 
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HUMAN FACTORS INTEGRATION- THE RESULT ON 

THE DRIVER’S DESK  
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges
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ENGINEERING CHALLENGE – PROXIMITY OF UNSW 

AND PRINCE OF WALES HOSPITAL 
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CONTEXT: UNSW EM SENSITIVE BUILDINGS

Buildings 

containing EM 

sensitive 

equipment
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CONTEXT: PRINCE OF WALES HOSPITAL EM 

SENSITIVE BUILDING

Buildings 

containing EM 

sensitive 

equipment
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FOREWORD ON THE MAGNETIC PERTURBATION

Radiofrequency (RF) and extremely low frequency (ELF) are the two main forms of EM Fields
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FOREWORD ON THE MAGNETIC PERTURBATION

• The Magnetic perturbation generated by the tram is caused by:

− The local distorsion of a magnetic field (earth magnetic field) by a 
ferromagnetic object (Steel parts of the LRV)

− The generation of a magnetic field by the electric equipment (current
through feeder cables, injection cables, OCS, LRV, rails)
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Example of a sensitivity

graph

PRINCIPLES OF EMC COMPATIBILITY VERIFICATION
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• A moving metallic object is locally disturbing the earth magnetic field
=> metallic parts of a LRV should be reduced to a minimum

More than half of the tram mass is not ferromagnetic

In SLR Project, the steel mass of a 
LRV is about 20t spread along 33,4m.

Most of the frame is made of 
Aluminium.

Bogies constitute local mass 
concentration.

4350 

Kg

4350 

Kg

3300 

Kg

DEALING WITH EARTH FIELD DISTURBANCE 
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• The low steel density LRV (compare 
to road vehicle) significantly reduces 
the geomagnetic perturbation.

=> confirmed by measurements
(November 2015)

DEALING WITH EARTH FIELD DISTURBANCE 
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• @7m from the track, the perturbation 
is similar to that of a bus at 10m.

* Measurements performed in Reims at night between the 
30/11/2015 & 01/12/2015 on an equivalent LRV.
Convoy moved at 15km/h

DEALING WITH EARTH FIELD DISTURBANCE 
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• @21m from the track, the 
perturbation is negligible*

* Measurements performed in Reims at night between the 
30/11/2015 & 01/12/2015 on an equivalent LRV.
Convoy moved at 15km/h

DEALING WITH EARTH FIELD DISTURBANCE 
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REDUCING THE DC MAGNETIC FIELD

• REDUCTION OF THE OVERALL IMPEDANCE OF THE TRACTION 

NETWORK:

• LESS IMPEDANCE = LESS LOSSES = LESS CURRENT FOR 

SAME POWER

• REDUCTION OF THE SIZE OF THE FIELD EMITTING LOOP

• GREATER DECAY RATE OF THE FIELD. 

MAIN PRINCIPLES/IDEAS 



© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only.
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. 
This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice.
Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

94

• Normal design : 1 injection every 300m Summary of the EM Perturbation 

@10m

EM perturbation on normal section :

100

REDUCING DC MAGNETIC FIELD
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• Enhanced design : 1 injection every 30m
−Feeder Pole every 30m
−Feeder Box every 30m
−Injection Cables every 30m
−Additional Traction fault equipment
−Additional Surge Arrestor

Summary of the EM Perturbation 

@10m

EM perturbation on normal section :

100

EM perturbation with injection every 30m : 

72

- 28%

REDUCING DC MAGNETIC FIELD



© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only.
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. 
This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice.
Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited. 

96

• Enhanced design : More feeder cables
−2 additional 400mm² Cu feeder cables

=> reduction of the resistance

Summary of the EM Perturbation 

@10m

EM perturbation on normal section :

100

EM perturbation with injection every 30m : 

72

EM perturbation with added feeder cables :

61

- 39%

REDUCING DC MAGNETIC FIELD
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• Enhanced design : Crossbonds every 30m
−Track crossbond every 30m
−OCS crossbond every 30m

=> Total equipotentiallity of the rails & OCS

Summary of the EM Perturbation 

@10m

EM perturbation on normal section :

100

EM perturbation with injection every 30m : 

72

EM perturbation with added feeder cables :

61

EM Perturbation with crossbonds every 30m :

53

- 47%

REDUCING DC MAGNETIC FIELD
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100 

53

REDUCING DC MAGNETIC FIELD

RESULTS AT 10 M
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100

31

REDUCING DC MAGNETIC FIELD

RESULTS AT 20 M
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges
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SLR - Sustainability requirements

 17 pages document

 Requirements to comply with 

other standards:

• ISO 14040, 14064

• AS 5334-2013

• BS 8903

• ISCA

• SDG

 23 Compulsory initiatives

 208 Discretionary initiatives

 Objective: Gold – 80/100

 52 credits

 3 levels for each credit

 Objective: Excellent - 65/100
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• 1st project requesting analysis to demonstrate resilience to climate change of proposed equipment and infrastructure

=> Tram system designed to withstand outside T°> 40°C (infrastructure and equipment resistance , HVAC dimensioning) 
and even >50°C in degraded mode  

Climate change

Far future: 2070Near future: 2030Actual data: 1990 - 2009
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Source: heatwaves climate change impact snapshot

Heatwave events across NSW actual and projections
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• Monitoring, reduction and use of renewable energy 

Reducing project energy & carbon footprint

 SLR target: energy requirements reduced by 15-25% vs. business as 

usual (level 2 of 3 in ISCA dedicated category) 

 Achievable for Systems thanks to:

• Citadis X05 generation

• Permanent magnet motor

• HESOP system

 Civil work footprint reduction:

• Use of recycled materials:

- Aggregate

- Concrete

• Substitution of 30% of cement

 Other:

• 150 kW solar panels on depot roof

Target: -15 to 25%
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• Monitoring, reduction and use of non potable water

Limiting water use

• Target: 80% of water for the wash machine to be collected, recycled and reused

• Water will be mostly harvested rainwater
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Agenda

1. Introduction

2. Project Overview and Organisation

3. Focus on System Engineering

4. Focus on APS 

5. Focus on HESOP

6. Focus on Citadis X05

7. Focus on EMC Studies

8. Focus on Sustainability

9. Other Engineering Challenges
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Flooding issues

Courtesy of  

Extensive 3D flood modelling used on the project. A feast of 

Engineering! And a real technical challenge.
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Utilities

Courtesy of  

Finding a place for the SLR infrastructure is a challenge ! 
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• SLR project is an Engineering Feast  with Innovation at all levels
−APS system in CBD
−HESOP traction power system
−Latest development of Citadis
−Extensive use of 3D modelling 
−Sustainability engineering to a state-of-the art level

• New disciplines of engineering emerge in our activity (Dynamic modelling, 3D, Virtual reality, etc)

• There is a fantastic opportunity for all sorts of people with different background to bring 
something in the world of Transport engineering 

Take-Away



Thank you for your attention

Any Question?


	Alimentation cover
	Alimentation text
	Alimentation cover

