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I N F R A S T R U C T U R E S � B a n g k o k the current three. The Airport Raillink shuttle
from Siemens is marked in red on the Master
Plan. This will link the city’s new airport,
which is scheduled to open this year,  with the
city center 28 kilometers away, bringing pas-
sengers to and from the airport in only 15
minutes. At the moment, pylons for an
elevated line are being pounded in along an
old narrow-gauge track route used by long-
distance trains headed for Cambodia. Sie-
mens will provide a turnkey solution including
all stations and equipment here as well.

“Turnkey solutions often seem more
expensive at first,” says project manager Wolf-
gang Rueprich. “However, customers who
place individual orders have to coordinate
everything themselves.  When they commis-

sion a turnkey project, they know they’ll have
a partner who will take care of everything.”
That means no unpleasant surprises — such
as higher costs — for the customer. 

Siemens has now helped Bangkok adapt
its infrastructure to its boomtown expansion
in three projects — to the advantage of ordi-
nary citizens like Pawinee. Eventually, one of
Pawinee’s colleagues shows up. After spend-
ing an hour in traffic, he gets out of his car
and walks the short distance to Huu Bar.
Above his head, a Skytrain rumbles through
the humid Bangkok night. 

� Andreas Kleinschmidt

Bangkok’s first new rail car arrived by air.
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Spain’s Trains
to the Plains
There are 22 different rail signaling and security systems in the
European Union member countries. But in the future, a uniform
standard known as ETCS will make rail travel across national
boundaries easier. The effectiveness of this technology is 
already being demonstrated by the new Velaro E in Spain 
— the fastest train on wheels.

The Velaro E whisks
passengers from
Madrid to Barcelona, a
distance of 650 kilome-
ters, in only two and a
half hours — less than
half the time needed 
by its predecessors.

tarting this Fall, the train trip from Madrid
to Barcelona will take less than half the

time it took in the past. The route, which
provides expansive views of unspoiled land-
scapes as it crosses the sparsely settled
plateau on the outskirts of the Iberian Range,
will be much faster than ever before thanks to
Spain’s new high-speed train, the Velaro E.
The new train — its name is an abbreviation
of VELocidad Alta (high-speed) España — is
Europe’s fastest passenger train. It was devel-
oped by the Siemens Transportation Systems
Group (TS) in Erlangen, Germany. 

With a top speed of 350 kilometers per
hour, Velaro E covers the 650 kilometers
between Madrid and Barcelona in only two
and a half hours. No other train currently in

S
there to cool the tunnels.” In the event of a
fire, the cool air flow could be used to prevent
a fire from getting out of control. 

Flying Train. Because the tight timetable for
building Bangkok’s subway system was short-
ened, it was necessary to fly in the first rail car
from Europe for system tests. A photo of the
train in the belly of a giant transport plane

proudly. To ensure such reliable service, the
subway system control center is linked to the
Siemens service and repair center. If a prob-
lem comes up, Nuttapol Sriprapai receives a
message on his computer screen. He can then
direct emergency teams stationed along the
route to the appropriate location. 

“But generally, we don’t have to deal with
anything more complicated than a broken

(see picture above) hangs in the office of
Siemens engineer Reinhold Sarawinski, who is
responsible for the maintenance of Bangkok’s
two train systems. 

As a service partner for maintenance,
Siemens has remained active in both the Sky-
train and the subway. During the first five
years of its operation, the Skytrain exceeded
all agreed-upon targets. More than 98.5 per-
cent of trips were completed with no more
than one-minute delays. 

“Because of this great reliability, the main-
tenance contract for the Skytrain was ex-
tended for another ten years,” Sarawinski says

ticket machine,” he says. About a hundred
meters away — in the subway control center
— are the operating company’s subway
security officials. Nuttapol receives his mes-
sages from this room, which is equipped with
video projectors that display a map of the
subway network — and the movements of all
trains — on a screen big enough to accom-
modate new subway lines.

Dr. Anat, Dr. Sombat and the city adminis-
tration believe the network will have to be ex-
panded soon. A master plan presented in Jan-
uary 2006 proposed a dense subway network
consisting of ten lines — a big increase over

98.5 percent of Skytrain trips were com-
pleted with less than a one minute delay.
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I N F R A S T R U C T U R E S � H i g h  S p e e d  R a i l

S M O O T H  C R O S S I N G  A T  T H E  B R E N N E R  P A S S

When it comes to rail transportation, Europe is not as unified as it would like to be. At the
Austrian-Italian border, locomotives and even drivers have to be changed. Europe doesn’t even
offer a standard license for train drivers. This situation has had a particularly detrimental effect
on freight transport, with trains having to wait at the Brenner station for a switching procedure
that lasts about an hour. This is a major disadvantage compared to truck freight transport, which
is cheaper and more flexible. But the “four-system locomotive” from Siemens is now helping the
rail system to become more competitive. For a few months now, freight trains pulled by these 
locomotives have been traveling along Europe’s most important Alpine transit route without 
having to stop at the Brenner Pass. This has been made possible by state-of-the-art electronics
and rail safety systems that are compatible with Austrian, German and Italian rail technology. In 
addition to variable LED lights and multilingual displays, the locomotives have four different pan-
tographs, which can be tipped upwards depending on which voltage system is needed (photo).
If, for example, a train arrives at the Brenner station from Italy, the locomotive operator lowers
the “Italian” pantograph and coasts the train into Austria, which is just a few meters away. The
“Austrian” pantograph is then raised. This procedure takes only a few minutes and enables more
trains to travel on fewer tracks. Rail operators can employ fewer locomotives, which reduces
costs and shifts traffic from roads to rails. That, in turn, reduces the burden on the environment.
“Our gross transport volume increased in 2005 by around 30 percent to over five million tons 
— partly thanks to the new locomotive,” says Dr. Harald Schmittner, head of the Lokomotion 
company, which is using the new Siemens trains on the route between Munich and Verona. “A
30-percent increase in rail freight transport means about 200,000 fewer drives by truck through
the ecologically sensitive Alpine region.” � Florian Martini

A Siemens ETCS-equipped unit at the Brenner Pass between Austria and Italy

be reserved by business travelers. There’s also
a “Club” class, an even more exclusive First
Class, a “Preferente” class and the “Tourista”
class, which corresponds to second class.
Every class has mini-restaurants that offer a
tempting variety of foods and beverages. In
the Club and Preferente rail cars, passengers
are served at their seats. “For Spanish rail cus-
tomers, excellent service and an elegant at-
mosphere are very important,” says Angel
Perez-Cerezo, who is responsible for local
commissioning and training for the Velaro E
project at Siemens Transportation Systems.
“Alongside the technical features, the rail cars’

offer space for more passengers. “The Velaro
is an impressive high-speed rail concept for
the global market,” says Christian Schlegel,
who is responsible for global customer acqui-
sition at TS. “However, to succeed, we must
modify the train to meet a wide variety of
national requirements at a reasonable cost.”
In addition to Spain and China, another inter-
ested country is Russia. In the future, a Velaro
may race between Moscow and St. Peters-
burg. However, because of Russia’s 3-kilovolt
overhead conductors, the top speed of such
trains would initially be only 250 kilometers
per hour.

to its higher speeds. To enable it to operate at
top speeds over long distances, they also de-
veloped a stronger transformer designed for
the Spanish supply voltage of 25 kilovolts.
German trains operate at 15 kilovolts. 

The same under floor design is used here
as in the ICE 3, with motors, brakes and trans-
formers installed under the rail cars (see p. 62).
By contrast, first and second generation ICEs
were pulled by a driving unit similar to a loco-
motive. With under floor technology, on the
other hand, there’s more room for passen-
gers. There’s also more usable space behind
the engineer’s cab. In the Velaro E, Spanish
federal train operator RENFE chose to install a
lounge with a glass conference table, that can

design and the fittings played a key role in
sealing the deal with RENFE.” 

China at 300 km/h. RENFE  is not the only
rail operator to be impressed by the new un-
der floor rail concept. China has now ordered
60 high-speed trains based on the Velaro plat-
form. Plans call for the Asian Velaro to enter
service in time for the Olympic Games in
2008 on the route from Beijing to Tianjin, an
Olympic  soccer venue about 60 miles east of
the capital. One difference will be that the
Chinese overhead conductor system can han-
dle a top speed of “only” 300 kilometers per
hour. Siemens will design, engineer and pro-
duce the first three trains in Germany. The
other trains will be built in a plant of the com-
pany’s Chinese partner, Tangshan Locomotive
& Rolling Stock Works. The Chinese version
will be wider than the European one and will

No Stopping at Borders. The Velaro E is an
excellent example of the consolidation of rail
systems throughout Europe. For example, it’s
the first high-speed train that complies with
the TSI (Technical Specifications for Interoper-
ability) norm that is valid for all of Europe.
Among other things, the TSI sets uniform
standards for fire protection and crash pre-
vention. The Velaro E is also equipped with
the new European Train Control System
(ETCS), which is a milestone for cross-border
rail traffic. Thanks to this system, trains will
no longer have to stop at borders in order to
change locomotives. At the moment, Europe

Thanks to under floor technology (above),
the Velaro E offers more room, for exam-
ple in the lounge (middle). The system
will enter service this Fall.

service covers such long a distance at such a
high average speed. On the old tracks, the
same trip took more than six hours. 

The streamlined blue-and-white Velaro E is
an enhanced version of Deutsche Bahn’s ICE 3
and, except for its colors, its outward appear-
ance is identical with that of its German twin.
But many changes were necessary to meet
the demands of the Spanish climate. Most of
those adjustments run discreetly in the back-
ground, such as the air conditioning system
that ensures a pleasantly cool environment
even at outside temperatures of 50 degrees
Celsius. Because winter temperatures along
the route, which at some points is 1,200 me-
ters above sea level, can be extreme, the cli-
mate control system can handle temperatures
as low as -20 degrees Celsius. Engineers in
Erlangen matched the train’s braking power

still has 22 different rail security systems and
a range of signals that is as varied as the safe-
ty equipment in the locomotives. There are
few locomotives today that can cross national
borders without problems (see box). 

Automated Trains. In coming years, ETCS
will harmonize national standards for signal
technology. The basic idea is simple: Train
drivers will receive their driving instructions,
such as information on speed limits, via GSM-
Rail, a specially developed mobile communi-
cations standard. Transmission stations along
the route will keep trains in permanent radio
contact with control centers. Depending on
the system’s stage of development, train driv-
ers will either receive all the information in
the engineer’s cab so that they can control
trains themselves (Level 1) or the system will

drive the train fully automatically (Level 3).
The train will read its position using electron-
ic beacons called “balises.” Small radio units
attached to cross-ties throughout the railroad
network will be activated and read by radio
pulses sent out by passing trains. Train will
automatically communicate their positions to
transmission stations via GSM-R. 

The advantage of this system is that,
thanks to the widely accepted GSM-R stan-
dard, the signaling system functions through-
out Europe. In the future, all trains will operate
in line with a standard radio signal, regardless
of which country they are traveling in. The

No other train currently covers such a long
distance at such a high average speed.

A freight transport system based 
on ETCS would significantly ease the 
burden on Europe’s road network.
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In November 2005 
heavy snowfall collapsed
transmission towers in
Northern Germany, 
leaving thousands 
without electricity.

Protecting Key Assets
Key infrastructure elements must be secured against outages,
damage and sabotage. Siemens offers comprehensive solutions.

rom healthcare and power generation to
water supply, transportation, and industrial

production, to telecommunications and emer-
gency services such as fire and police depart-
ments — all of these areas are vitally impor-
tant for today’s society. At the same time, they
are exposed to a wide variety of threats. Tech-
nical failures and human error, including faulty
operation, can cause breakdowns. So can nat-
ural phenomena. Storms and flooding can lead
to downed power lines, transformer stations
can be destroyed by lightning, and roads and
railways left impassable by high water. That’s
exactly what happened in Switzerland in Sep-
tember 2003, when a falling tree happened
to damage a 380 kV power line. The result

was a widespread failure of the power grid in
Italy — a blackout similar to the one that had
hit the U.S. and Canada only a month earlier
(Pictures of the Future, Spring 2004, p.54). 

Another threat is crime. This includes not
only terrorist attacks, but worms and viruses
on the Internet, as well as hackers who ille-
gally log on to corporate computer networks.
“It’s certainly possible that hackers could dis-
able the power supply or subway system of an
entire city if they succeeded in manipulating
control signals,” explains Sven Lehmberg, head
of Intrusion Prevention for Products and Solu-
tions at Siemens Corporate Technology (CT).
Information technology is increasingly being
used to control infrastructure elements, in-

But comprehensive security solutions also
include security-enhancing technologies.
“These are technologies that weren’t specially
developed for security applications, but that
can nevertheless play a key role in creating a
security system,” says Alla Heidenreich, head
of the Homeland Security research project at
Siemens Corporate Technology. 

These technologies include sensor systems
for monitoring physical states, such as multi-
purpose radar sensors and fiber-optic sensors
for measuring physical quantities or identify-
ing dangerous substances. 

Such systems can be used to inspect trans-
port containers, for example, where sensors
supply data regarding the condition of a con-
tainer’s interior during loading and unload-
ing. For this purpose, Siemens researchers
have developed sensors that can be used to
quickly carry out automatic, on-site analysis
of dangerous chemical and biological sub-
stances in air and liquids. 

F

cluding the networks of electricity suppliers,
railway operators and emergency services. 

Internet worms, for instance, have already
impaired the operating ability of U.S. power
companies on several occasions. When this
happens, control and monitoring systems are no
longer fully serviceable. As a result, messages
can’t be displayed and it becomes impossible
to correct malfunctions or compensate for
them in time, a scenario that means greater
risk of power outages in a service area.

Homeland security technologies are de-
signed to help protect infrastructures and
guarantee their reliability. These solutions
include the typical security technologies for
information and communications systems:
encryption and access control mechanisms
(including role-based systems and identity
management), authentication processes
using smart cards, secure RFID tags and bio-
metric methods (fingerprints and voice or 3D
facial recognition, for example).

Mobile ad-hoc networks and self-optimiz-
ing communications networks are also security-
enhancing technologies. They can help to main-
tain communication even if an infrastructure
is partly disabled. Within a network of this
kind, mobile devices such as cell phones and
laptops can immediately establish connec-
tions with one another, even without an over-
all infrastructure (Pictures of the Future, Spring
2005, p.38). This is similar to the structure of
the Internet, which is organized so robustly
that a total failure is hardly possible. 

Each cell phone or laptop in a redundant
network serves not just as a transmitting and
receiving station but also as a router for other
participants. Mesh networks, for example, are
organized with a certain degree of redundancy.
In the event that a transmitter fails or be-
comes overloaded, a search is performed for
the nearest available device. This technology
is the basis for what will be the world’s largest
urban WLAN network. The network is current-
ly being built in Tempe, Arizona. It will cover
over 100 square kilometers, an area in which
about 400 lamp posts are being turned into
Internet transmission masts. 

In power grids, too, the chances of an out-
age are reduced when networks of power
lines are  linked. If one connection fails, there
are generally several alternative lines to help
maintain an uninterrupted supply of electrici-
ty. The more “tightly woven” the network is,
the more secure it is. According to a 2005
analysis conducted by the Association of Ger-
man Network Operators (VDN), Germany has
the most secure power supply in Europe,
thanks to a closely linked network with short
transmission routes and power plants distrib-
uted throughout the entire country. In 2004,
for instance, power outages affecting German
customers totaled 23 minutes on average. The
figure in France was 59 minutes, in Italy 91
minutes, and customers in the U.S. faced more
than 200 minutes without power on average. 

Creating comprehensive security solutions
for critical infrastructures requires technolo-
gies from a number of fields, and security-en-
hancing technologies have to be combined
with security technologies typically used with
IT systems. What’s more, security concepts
that boost power-supply reliability must be
taken into account early on in the product de-
velopment stage. Summing up the mission of
the Homeland Security unit, Michael Munzert
says, “Our objective is to combine the techno-
logical expertise we have at our disposal at
Siemens Corporate Technology to design in-
novative security solutions for critical infra-
structures.” � Sylvia Trage

Mobile ad-hoc networks help to maintain
service even if an infrastructure is damaged.

system will replace the many national stan-
dards in use today.

Environmental Protection with ETCS. An-
other advantage is that ETCS will operate not
only across countries but also independently
of particular manufacturers — a feature known
as “interoperability.” Today there are many
ETCS test routes throughout Europe, for ex-
ample in Germany and in the Netherlands. To
determine whether ETCS is meeting its require-
ments, Siemens has equipped a test train based
on the Desiro rail car with ETCS technology.
“Together with third parties, we carried out test
runs in the Netherlands. During those tests,
the system operated almost as well as it did
on the local run to Jüterbog,” says ETCS expert
Stephan Klein from Siemens TS in Berlin. 

“Technologically speaking, ETCS has been
ready for a long time,” says Dr. Ralf Kaminsky,
who is responsible for ETCS at TS in Braun-
schweig, Germany. “Furthermore, the European
Union has made interoperability a require-
ment for all of its member states in order to
strengthen the rail transportation network.” 

But ETCS will not be universally introduced
throughout Europe for some time to come.
That’s because countries and railroad opera-
tors have different interests. Countries like Ger-
many and France, for instance, which already
have sophisticated and powerful train security
systems, regard ETCS as a system that would
require additional expenditures without initial-
ly bringing any domestic benefits. However,
according to Kaminsky, “countries that would
be instituting such a system for the first time
would like to introduce ETCS immediately.” 

For this reason, rail industry experts be-
lieve that ETCS will first be installed on the
main trans-European rail routes, such as the
freight route connecting Rotterdam to Genoa.
Transporting freight by rail through Germany
and the Alpine countries would ease much of
the strain on the road network and, thanks to
smoother crossings at national borders,
would be much faster than transporting
goods by ship. What’s more, ETCS will make it
possible to shorten the distances between
trains, which in turn will boost rail capacity.
“The advantages offered by ETCS are obvi-
ous,” says Kaminsky, who is convinced that it
is only a matter of time before trains are guid-
ed through Europe via radio signals. In any
case, one of the first ETCS-guided high-speed
trains will be the Velaro E, as it zips between
Madrid and Barcelona.            � Tim Schröder


