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1. CAF AT A GLANCE

Comprehensive Solutions
CAF has an extensive experience
in the execution of complex !
integral railway transportation alety” 1
projects worldwide t l 1 , =

Mexico City Toluca Kaohsiung Saragossa

Rolling Stock

Infrastructure and on-board signalling systems:

-ERTMS 1

Traction & Communication ’
Equi " i ﬁ

Other Electromechanical Systems
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Coaches

Critical Equipment Supplies

Wheelsets and their parts
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Simulation Systems
Documentation Management
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1. CAF AT A GLANCE

Worldwide projects
operating in more than 40 countries across 5 continents

Integrated offering
providing a one-stop solution for railway systems

Employing 7,581 staff
of which ¢.30% is highly qualified "

Strong R&D and Engineering capabilities
more than 850 people

Revenue EBITDA/Margin
€1.3bn €166m/12.9%

Mata: Data as of 31 December 2015
(1) L.e. engineers and other university degree holders



2. URBAN TRANSPORT TODAY

Urban population according to city sizes 2000-2030
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2. URBAN TRANSPORT TODAY

1900 | 2 ot of every 10 peaple ’
Iived in an urban area '
1990 | 4 out of every 10 paaple ii ii
|ived in an urban area
g & @
2010 | B ot of every 10 peaple "'
Iived in an urban area
2030 | B ot of every 10 peaple 2
will v inan urban area ' '
$
2050 | 7 out of every 10 peaple '
will lvve in an urkan area

Sauroe; http:iatabystreview nat!
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2. URBAN TRANSPORT TODAY

Average rate of public transport usage
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_ 5 Market size scale
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2. URBAN TRANSPORT TODAY

Average rate of public transport usage
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2. URBAN TRANSPORT TODAY

Evolution of public transport demand
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2. URBAN TRANSPORT TODAY

Modal breakdown of public transport (2014)

In European metropolitan areas,
400 billion trips are made each
year: 15% by public transport,
30% by non-motorised means
and 55% by private car. Rall
represents 45% of public

transport.
RAIL REPRESENTS
0
5 /o

6%

N

66%

| EUS"'EI‘D”E’:,-' B Tram W Metro B Suburban rail

Source: UITP
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2. URBAN TRANSPORT TODAY

Nternate—day car US National High-
ban in Delhi to way Transportation
reduce air pollution Safety Adminis-
tration (NHTSA)
recognises the
Starbucks partners Test phase of inter§a| computerin
with Lyft through WEF’od, the ﬁrst Google's self-driving Marrakesh tests
its loyalty scheme driverless bus in the car as the 'driver of electric buses, a first

'‘Starbucks Rewards Netherlands the vehicle for Africa

Moscow opens its
Central Circle line,
one of the |arg—

est PPP suburban
rail schemes in the
, CarPostal debuts ] B), 2020, it
S its pilot operation of il e 54k lon Paris uses an odd-
$1 billion in Chinese autonomous shuttle 31 1 T
ride—hailing bikss ih Sidh. wit ! Interchange even num erpatg
company Didi & Vitzetiand stations rule to fight pollution

www.cafte.com




2. URBAN TRANSPORT TODAY

MAIN CHALLENGES




2. URBAN TRANSPORT TODAY

MAIN CHALLENGES

www.cafte.com



3. RAILWAYS TODAY

« First known electric locomotive was built in 1837, powered by galvanic cells

« The first electric passenger train was presented by Werner von Siemens at
Berlin in 1879

™
R

—

bl T - .

o ,3_| ‘ 300 m circular track
O S

» The world's first electric tram line operated in Sestroretsk — 1880

» The first electrically-worked underground line was opened in London - 1890

www.cafte.com




3. RAILWAYS TODAY

« The first practical AC electric locomotive working for Oerlikon, Zurich in 1896

« ltalian railways were the first in the world to introduce electric traction for the
entire length of a main line in 1902 (106 Km)

» Massive electrification of mainline railways in 1950-1980

» Development of high speed railways 1980-2015

www.cafte.com




3. RAILWAYS TODAY

Metro lines wordlwide (2014)

Asia-Pacific

Europe
Latin America
Eurasia

North America
MENA

Source: UITP

www.cafte.com

Ridership Number of Number of | Infrastructure
(billions) cities lines length (km)
259 54 202 5,119

99 46 165 2,820

5.3 18 51 858

49 16 44 781

34 16 76 1,481

19 7 13 298




3. RAILWAYS TODAY

Number of new metro lines opened since 2000
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3. RAILWAYS TODAY

Tram and LRT lines wordlwide (2014)

Region Ridership | Number of | Number of Infrastructure
(millions) cities lines length (km)

Europe 8,825 1,277 8,954
Eurasia 3135 93 744 3,855
Asia-Pacific 720 41 144 1,016
North America il 36 106 1,525
MENA 324 9 36 226
Latin America 0.6 2 2 20
Africa n/a 1 2 34

Source: UITP

www.cafte.com
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3. RAILWAYS TODAY

Evolution of new tramway lines opened since 1985
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3. RAILWAYS TODAY

Rail is the safest form of land transport, having the lowest risk of death and serious injury:
rail is 1.5 times safer than travel by long-distance coach and 24 times safer than
travelling by car. Similarly, are in terms of accidents.

EI LION PASSAGERS | |
8 9 HIWUTER RAIL . » Always be alert and aware around all railroad tracks and crossings.

» Drivers should never stop on the tracks.

« Do not walk on the railroad tracks.

9 5 BILLION PASSAGERS
METRC :M It is unsafe and illegal.

« In Quiet Zones, train horns will not
sound at crossings, unless thereis &
an emergency. Stay alert. |

8 5 E|_Lr|1:-|. I=-'.:.-.-:I-.L£=.: =y
HAM & LIGHT R& ——
] I

.. e e N

www.cafte.com




3. RAILWAYS TODAY

HIDDEN COSTS Rail transport is recognised as the most
Euro per person and 1,000 kilometres in the EU, air traffic: inner-European flights, environmenta”y friendly form of mass

2008 . ope
transport. Its sustainability comes from:
accidents nature and environment (damages, loss . ..
M air pollution of biodiversity, pollution) * Low levels of atmOSphenC emissions
M noise m climate change (avoidance or damages . .
of global warming, minimum/maximum) Compared to automotive and alr
M fuel/electricity consumption (maximum) tra nsport

* Widespread use of electric traction
70 - * Low energy consumption due to low

. ] friction between rail and wheel
- e Relatively small land use of its
g infrastructure
- I— * Moving large volumes of people and
- goods over long distances.

]
o
1

Motor car Public bus/coach Rail traffic Aircraft

www.cafte.com
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4. RAILWAYS TOMORROW

Running trains
closer together

www.cafte.com
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4. RAILWAYS TOMORROW

—©O P-Trak —o0 P-Trak Express

www.cafte.com



4. RAILWAYS TOMORROW

-
Minimal disruption &=
to train services

www.cafte.com



4. RAILWAYS TOMORROW
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4. RAILWAYS TOMORROW

m Efficient passenger

flow through stations
and trains

www.cafte.com
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4. RAILWAYS TOMORROW

Autonomous vehicles will only help to meet public policy goals
iIf they come as shared fleets integrated with public transport

Autonomous vehicles
' et l

Shared fleet of vehicles

Sr_n}ng reducticn in number of cars (reduced car ownership, effective use of cars as they ocperate
mrast time of the day)

Drasticalbe improved mobility for pecple that do not own a car

Fleet cars CTCOMPETING with Fleet cars INTEGRATED with

prlvate'? owned cars traditional pu blie transport services traditicnal F:-ubllc: transport services

Mo effect on car own E'FEJ‘IiI} Street re{:|airning (less parked cars) Large scale street rec|airning

Mo affact on number of parked cars Improwed acces=s to public transport Highhy impreved access to public transport

(zars unuzad mest of tha duyd Improeved mobility for pecple that do not Highby improved maobility for pecple that

Mo affects on costs fkm o & car do not cwn a car

Mo effects on rnobi|it:.' for peaphe that do @ More traffic (strong increase in ighicle Miles Streng decrease inWMT

not own a car Traveled - WAAT) High gai nof e‘FFu:En{::,' (large and small vehicles
& Ewven maore car trafhc 2 Inefficency (sm all wehicles replacing buses and perfectly mixed]

(as it is even more comfortable ard attrective to trains) Loaw cosksfkm

go by card

& Pazzanger loss far traditional public
transport wa|king and c:,.'c|ing

[ > Unsustainable, even more car traffic Better m-obility, less efficency Sustaimable, betrer mobilivy and equity

A

www.cafte.com




4. RAILWAYS TOMORROW

Possible app|ications of autonomous vehicles (AVs) as part of a diversified
public transport system

\ Swarm of AVs as Robo-Taxis

and on-demand shuttles

High capacity core network wid’t)

fixed line service

Autonomous Car-sharing

vehicles

AVs used as feaders
to public transport stations

Area-based on-demand
autonomous mini-buses

www.cafte.com




4. RAILWAYS TOMORROW

INTERNET OF MOBILITY: BEYOND Maas

www.cafte.com




4. RAILWAYS TOMORROW

More value from data
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4. RAILWAYS TOMORROW

Operating Center (BZ) Operating Center (BZ)

N | N ez un ] N
//,@ "'__@’ : IP-Routed Network | @ @ @\.\\
’,/ ~ SDH Backbone e ‘ =~

// T Cellular Radio System e |

y. : ,’l SON /’ w4// ZLVi |

sc QT RBC RBC T@/ (56} S |
LAN LAN LAN  LAN LAN

ILCent I IL Center IL Center

(l‘jlz‘)re LZB \ \/ LZB (UZ)
LZB \

\ \ \

rem IL/
FEC rem IL/

Field elements: level crossings, points, signals, axle detector

Power cable

Information cable (Cu) =———— Fiber optic cable

IL: Interlocking ISDN: Integrated Services Digital Network

www.cafte.com




4. RAILWAYS TOMORROW smart mab b=

10010

011(
10010

Power equipment monitoring system

Forecast contact wire wear Collect data on the condition
of the contact wires
Moniloring data can be used b F————- Perform frequent monltonng using
forecast fulure contact wire wear |\ ecas! dmalar o in-service commutes trains,
and assess the timing [aae 0 e e e Height, deviation and wear of contact
of maintenanoe wires, pantograph bounce arc,

pantograph collision

Forecast contact wire wear

Identify causes of sectional wearing
Forechst data for XX years in e Mture

e B

Excessive deviation Excessive pitch

Equipment maintenance work

Making decision concerning
equipment maintenance work

e
Roduce deviation  Adjust height variations

www.cafte.com



4. RAILWAYS TOMORROW

Optimum energy use

www.cafte.com
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4. RAILWAYS TOMORROW
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