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Imagine a world of endless, cheap electricity
powered by solar systems mimicking the

way plants harness sunlight to photosynthe-
size — a world, like nature, where carbon diox-
ide is no longer a pollutant but a key compo-
nent of the fuels needed to drive this energy
revolution. 

Across the globe, research teams are mov-
ing ever closer to this vision. Just recently a
group at the Massachusetts Institute of Tech-
nology announced they had found a very sim-
ple way to extract photosynthetic materials
from old grass clippings and agricultural
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shows that in 2011 $257 billion was invested
in renewables, up 17 per cent from 2010. In-
deed, this figure was higher than its counter-
part for new investment in fossil fuels, and
more people are now employed in the clean
energy sector than in the fossil fuel industry.
Much of this growth has been driven by the
targets and timetables under the UN climate
convention and its Kyoto Protocol, which are
allied with creative public policies by an in-
creasing number of nations.

Kenya, UNEP’s host country, is seeing a
boom in both wind and geothermal genera-

tion after replicating Germany’s feed-in tariff.
The largest wind farm in sub-Saharan Africa is
about to be built in Turkana — one of Kenya’s
poorest regions — and geothermal generation
is growing there as part of an overall goal of
generating 5,000 MW by 2030.

Other sustainability factors are coming into
play. South Africa, for example, is looking to
solar power as a water-saving measure. Limit-
ed freshwater supplies will be challenged by
coal and nuclear power and their cooling re-
quirements. Solar PV parks, on the other hand,
require minimal water to operate, except for
washing the panels’ surfaces.

Formidable challenges to our energy future
remain, including more than $600 billion
worth of fossil fuel subsides. Countries such as
Ghana, Indonesia and Iran are moving to
phase out such subsidies and others should
consider the opportunities. Transparency, gov-
ernance, exchange rates, and up-front costs
are all areas that need to be addressed by inter-
national and bilateral donors. The develop-
ment of smart, regional grids able to manage
power from large to small power sources in a
seamless way will also be essential.

The Future of Energy (see pages 8-39 in this
edition of Pictures of the Future) goes to the
heart of a Green Economy and whether soci-
eties can achieve a sustainable 21st century.
Wind, both on shore and off shore, solar, geo-
thermal, and now wave and tidal systems, are
growing globally, and fuel cells, electric drives
and other technological breakthroughs for ve-
hicles are no longer a novelty.

Maintaining research and development
while supporting smart policies and creative fi-
nance will also be essential. Maybe one day
photosynthesis will not only produce our food
and beautify our landscapes with trees, shrubs
and flowers. It may also reveal how mimicking
nature can meet one of the biggest challenges
seven billion people, rising to over nine billion
by 2050, will face.

Cover:  Curiosity, which landed on
Mars in August, was the most com-
plex project in NASA’s history. All of it,
including its landing, was developed
and tested using Siemens design and
simulation software. For more, see
page 55. Image courtesy of NASA/JPL-Caltech

wastes. The mixture, supported by a network
of nanowires, can be ‘painted’ onto roof tops
and other structures to generate electricity, es-
pecially in remote, off-grid locations. The big
challenge is to now significantly boost the effi-
ciency of such emerging technologies.

MIT is not alone in pursuing such pathways.
From Germany, Japan, the Netherlands, Swe-
den and the UK to Brazil, China and Singapore
a myriad of technological research programs
are underway to transform our energy systems
and thus guide us to a more sustainable ener-
gy future.

There can be no doubt about the urgency
of the need to act. Energy-related carbon diox-
ide emissions from fossil fuel burning, which
need to begin falling by around 2020 if the
world is to avoid dangerous levels of climate
change, climbed by three per cent to an un-
precedented 31.6 billion tonnes in 2011.

Meanwhile, around 1.3 billion people are
without access to electricity and some 2.7 bil-
lion are without access to clean cooking facili-
ties, mainly in the developing world, including
sub-Saharan Africa. This is not just a challenge
to development and eradicating poverty — air
pollution linked to fossil fuel burning from cars
and trucks to power plants and stoves kills up
to six million people each year.

While the world will continue to consume
fossil fuels, there is an urgent need to shift to-
wards alternative forms of energy and to make
better use of the fossil fuels used, including
through significant improvements in energy
efficiency in power production, transmission
and usage in buildings, and industry and trans-
portation. Many measures have to be taken
that must fit together like the pieces of a puz-
zle.

Nevertheless, the world is not starting from
ground zero. The latest assessment of invest-
ments in clean energy, coordinated by UNEP,
Bloomberg New Energy Finance, and the
Frankfurt School of Finance and Management,
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Components are driven 450 kilometers through Thailand.

Siemens’ newest rotor blade is 75 meters long — a world record. The
gigantic rotor blades, which are made from glass fiber and balsa wood,

will be used in the latest generation of windmills, which boast an output of
six megawatts (MW). A wind turbine’s energy yield depends on the area
swept by its rotor blades as they rotate. In the case of the new Siemens rotor,
that amounts to some 18,600 square meters, the equivalent of around two-
and-a-half soccer fields. The blades will be tested in Österild, Denmark, on the
latest prototype for the 6 MW machines. To this end, the giants were driven
320 kilometers from the port city of Esbjerg in Denmark by trucks that were
85 meters in length. The trip took up to eight hours because the trucks were
limited to a maximum speed of 60 kilometers per hour due to their 25 ton
cargoes. Transporting the huge rotor blades was not only a technological and
logistical challenge; it also required all the skills the truck drivers could
muster. There were several tricky sections along the route. The trucks had to
navigate their way around nine traffic circles. Along the way, six light poles
and 11 traffic signs had to be removed so that the trucks could pass. Wind
turbine components also have to travel long distances in Asia (see p.22). In
fact, in one case, manufactured components are shipped all the way from
China to Thailand. On arrival at a port south of Bangkok, they are then
transported 450 kilometers by truck to the northern city of Korat, where 90
Siemens wind turbines are being installed. As the largest road freight delivery
in Thailand’s history, this trip is also unique.

Pictures of the Future | Short Takes
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Trains need to be as safe and reliable as possible. Wheelsets are often a
problem because they are particularly susceptible to defects and wear

and tear. In cooperation with Track IQ of Kent Town, South Australia, Siemens
has developed a monitoring device known as Rail BAM (Rail Bearing Acoustic
Monitor) that can detect damage to wheelsets at an early stage. Perhaps it
would be more accurate to say that the device “hears” rather than detects
damage. After all, it consists not only of signal processing electronics housed
in cases at the side of the tracks but also sound-wave sensors mounted on
railroad ties. The sensors
record the sound waves
from passing trains. These
are sent to a processor that
compares the signals with
predefined target patterns.
The processor immediately
reports acoustic deviations
that indicate wear or a de-
fective component. If an
anomaly is detected, the
train in question can later
be brought to a repair yard
without interruption to
normal service. The system
is currently being used
near Southampton, in the
United Kingdom.

Trackside Stethoscope

What is probably the world’s largest research ma-
chine is located at CERN in Geneva, Switzer-

land. The goal of the CERN research center is to dis-
cover and study new particles. The facility’s
centerpiece is the Large Hadron Collider (LHC) parti-
cle accelerator, which is 27 kilometers long and
housed in a tunnel system 100 meters below ground.
The LHC causes protons to collide at near-light
speeds. On July 4, 2012, LHC researchers discovered
a new particle that is 133 times heavier than a pro-
ton. They believe their discovery could be the Higgs
boson — a particle that physicists have been trying to
find for 50 years. The Higgs boson could explain why
elementary particles possess mass. Trying to detect
this particle during collisions was like looking for a
pair of sand grains with specific properties in an
Olympic-sized swimming pool full of sand. For their
experiments, scientists need to use powerful mag-
nets that are chilled to minus 271 degrees Celsius
with superfluid helium. To precisely regulate the he-
lium distribution using special valves, Siemens devel-
oped a totally new automation system with 1,800 in-
dividual controllers. It will also be used with the giant
ATLAS detector, which is as big as a church nave. 

In September 2012, Siemens joined Europe’s most extensive demonstration
project in the area of hydrogen mobility: the Clean Energy Partnership.

Siemens’ role in the project, which includes leading industrial companies, will
be to equip hydrogen filling stations for vehicles with an electrolysis system
based on proton exchange membrane (PEM) technology (see Pictures of the
Future, Spring 2012, p.100). Electrolysis is the process by which electricity is
used to split water into hy-
drogen and oxygen. Sie-
mens’ electrolyzer works
much faster than conven-
tional systems. It can react
to changes in the availabil-
ity of electricity in millisec-
onds. The Siemens system
supplies clean hydrogen
gas, meaning at least half
of the material is produced
using electricity generated
from renewable sources.
Siemens will supply its PEM
electrolyzer to one of the 50
filling stations now being
set up as part of a German
government program.

Icy Path to the 
Secret of Mass

Siemens Corporate Technology (CT) is using a new
imaging technique to document progress in the

Aspern lakeside construction project in Vienna, Aus-
tria. Developed by CT researchers from the Sustain-
able Cities lighthouse project, the technique makes it
possible to photogrammetrically analyze construction
sites, buildings and infrastructure projects from
above, thus optimizing processes and saving time and
money. Up until now, such sites have either been sur-
veyed at ground level — for example, using laser
scanners — or monitored with webcams. In order to
analyze a future system that will document construc-
tion phases, the research team recently conducted a
test flight using a small drone. Its camera took photos
of the southern section of the Aspern site and of all
sides of a building being built there. The collected
data will form the basis of a photogrammetric,
chronological analysis that can be used to create a 3D
model. The model will then be combined with plan-
ning and logistics data, resulting in a hybrid model
that can be referred to for a range of questions. The
system is not only suitable for external areas, but can
be applied to overall condition evaluation, mainte-
nance, and service of interiors as well. 

Eye in the Sky
above Vienna
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Tracking wheels with a Rail Bearing Acoustic Monitor.

Testing a PEM-equipped electrolyzer at Siemens. Magnets at CERN stay cool thanks to Siemens automation.

Drones can keep chronological tabs on construction sites.

The world’s longest windmill rotor blade heads for testing in Österild, Denmark.

Skilled Truckers Needed! 

Driving the Advent of  
Hydrogen Filling Stations
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A pump, a couple of small tubes and, 

of course, water — that’s about all it takes 

to explain the principle behind a pumped 

storage electrical power station.

The world’s most efficient gas turbine power plant

looks pretty small here. But in real life, the 13-meter-

long gas turbine achieves an efficiency of more than

60 percent in tandem with a steam turbine. 

Siemens’ exhibition at Rio+20, where 

students led by a Siemens engineer built a wind

power plant. Some 300 Osram LEDs bathed Rio’s

“Christ the Redeemer” statue in a green glow. 

With teddy bears as patients, young visitors 

were able to discover first hand how doctors 

use minimally invasive navigation techniques 

to perform heart procedures.

Getting young people interested in technology is essential for our society. That’s why the  IdeaPark in
Essen allowed visitors of all ages to experience technology up close over a 13-day period. 

Technology You Can Touch

Some 320,000 people flocked to Essen, Ger-
many in August 2012 to experience the

IdeaPark, an event with over 400 experiments
and exhibits from the world of technology. The
IdeaPark was organized by ThyssenKrupp AG in
conjunction with the state of North Rhine-
Westphalia and more than 200 research, sci-
ence, education, and business partners. 

Siemens was also on hand with 25 presen-
tations, which made it one of the biggest ex-
hibitors. Visitors were able to enjoy a wide

Klaus Helmrich, Chief Technology Officer and a

Siemens Board Member (right), learns about an 

electric vehicle built by Dual Bachelor program 

students at Siemens’ Technology Academy in Berlin. 

The “magic mirror,” which was developed in cooperation with the Technical University of Munich, overlays 

real and virtual images of the body — in this case the body of Germany’s Economics Minister, Philipp Rösler.

Such systems will facilitate the work of surgeons in the future by enabling them to use hand gestures to

change the patient images they see on screen during an operation. 

range of highlights. They included state-of-
the-art mobility solutions, experiments with
living cells, environmental technology sys-
tems, a presentation of technological mile-
stones, and energy supply systems that will
pave the way for Germany’s energy transition.
Visitors also received answers to questions
such as: How do you build a wind power plant
and how much electricity does it generate?
How do surgeons use minimally invasive navi-
gation to conduct operations more quickly and

safely? What does it feel like to be at the con-
trols of a train traveling at 300 km/h? 

By putting around 70 trainees and students
in charge of its exhibits and experiments,
Siemens attracted many young visitors who
were interested in careers in science and tech-
nology. The IdeaPark also featured the first-
ever youth issue of Pictures of the Future,
which is oriented to teenagers over 14 years of
age (see www.siemens.de/yourpof, in German).

Nicole Elflein

Is it possible to reach a globally binding agreement on sustainability during a period of economic
uncertainty? That was the big question at the 2012 Earth Summit in Rio de Janeiro.

Optimism at Rio+20? Yes!

In 1992 an agreement was signed by partici-
pants at the Rio Earth Summit. Now, 20

years later, more than 44,000 representatives
from governments, non-governmental organi-
zations (NGOs), and the business world have
discussed a possible follow-up agreement at
the same location. In addition to organizing
numerous activities, Siemens also presented a
“Technology in Action” exhibition at a shared
United Nations Environment Program (UNEP)
pavilion. Siemens is a partner of UNEP, which
has called for the establishment of a Green
Economy (see UNEP Director Achim Steiner’s
commentary on p.2). 

Negotiations at Rio+20 quickly revealed
that conflicts of interest would make it impos-
sible to reach any major inter-governmental
agreements. The NGOs and the private sector
will therefore have to play an increasingly im-
portant role if the objective of a green econ-
omy is to be achieved. Some companies are al-
ready taking action. At its exhibition, Siemens
showed how economic growth and environ-
mental efficiency can be two sides of the same
coin — for example, by pointing out how effi-
cient power plants generate more electricity
than conventional units using the same
amount of primary energy. This reduces CO2

emissions and increases power plant opera-
tors’ returns. Intelligent infrastructure can be

used to solve traffic and logistics problems in
cities, while conserving resources. Cities then
become more attractive to residents and com-
mercial enterprises alike. Targeted government
regulation can create economic incentives for
developing and expanding the use of efficient
technologies. Many of the required technolo-
gies already exist; they just need to be imple-
mented consistently. 

Nor does all of this apply just to industrial-
ized nations. In the “Technology in Action” ex-
hibition, which was organized in cooperation
with the Siemens Foundation, 11 organiza-
tions from developing countries and emerging
markets presented concepts and demon-
strated successful projects. Simple innovations
adapted to local requirements help solve prob-
lems related to issues such as energy and
drinking water supplies. WindEmpowerment,
for example, is an organization that teaches
residents of remote villages not only how to
build wind turbines from locally available ma-
terials but also how to operate and service
them. “Access to electricity is crucial for devel-
opment,” says Piet Chevalier, a Siemens engi-
neer and one of the founders of WindEmpow-
erment. “The participants in my first workshop
in a small village in Mali have already built
their seventh turbine — without any external
help” (see Pictures of the Future, Spring 2011,

p.72). During his stay in Rio, Chevalier also
taught a group of Brazilian students and NGO
members how to use this simple yet effective
technology and pass it on as multipliers. 

The “Students for Sustainability” competi-
tion initiated by Siemens focused on concrete
measures as well. The six international student
teams in the competition presented concepts
for addressing challenges in their home coun-
tries. The best concepts can now be realized
with the help of €10,000 in prize money. 

Although only modest progress was made
at the event, the last day of Rio+20 was marked
by a new spirit of optimism. More and more
groups and companies are seizing the initiative
themselves — as evidenced by the workshop
participants who built a wind turbine just out-
side Rio and cheered as it went into operation.
“I hope this summit teaches us how to make
the dialog between different stakeholder
groups more effective in the future,” says
Chevalier, summarizing his thoughs regarding
the event. “We can’t just sit around in between
these conferences and wait and hope that gov-
ernments will solve the problems. We already
have the technology we need to change things
— so let’s do it!” Stefan Schröder
More information on Rio+20 is available 
in a special edition of Pictures of the Future at:
www.siemens.com/pof



This is unbelievable! Andy is standing on
the visitors’ platform of the municipal En-

ergy Transition Museum. He’s pressing his
nose against the panorama window and enjoy-
ing the fabulous view of the city where his
grandfather grew up. “Look at this!” he calls
out in delight to his wife Jennifer. “In front of
us we can see the entire history of the energy
transition over the past 40 years. The aban-
donment of nuclear energy, an 80 percent pro-
portion of renewable energies in the electricity
mix, and 80 percent reduction in greenhouse

Germany, 2050. In the observation platform of an energy museum,
two visitors from abroad find out about the most ambitious energy
system transition achieved to date.

A Visit to 
the Future

The Energy Puzzle | Scenario 2050

emissions. But the result doesn’t look as futur-
istic as I had expected.” Andy’s gaze sweeps
across the city and suddenly stops. “I don’t be-
lieve it!” he exclaims. “That building down
there with the two little towers must be my
grandfather’s school. I recognize it from his
photographs.” 

“Please don’t press your nose against the
glass,” grumbles a voice behind them sud-
denly. “That gets spots on the multimedia win-
dow.” Andy and Jennifer turn around in sur-
prise. Standing in front of them is a small robot
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Highlights
10     The Project of the Century
          Global warming and resource scarcity

are making it clear that the world-
wide energy system is not sustain-
able. To change things, we need to
implement measures that fit together
as perfectly as the pieces of a puzzle.
The energy transition in Germany
highlights the opportunities and
challenges involved.

          Pages 10, 14, 24

17     Energy Suppliers Hit the Gas
          When the wind suddenly dies down

or clouds cover the sun, energy sup-
plies fluctuate. Fast-starting, flexible,
and highly efficient gas-fired power
plants are particularly well suited for
filling these gaps and ensuring stable
power, thus making the electrical
grid resistant to changes in the
weather. 

22     Let There Be Wind 
          In the long term, renewable energy

sources will have to be competitive
— even without subsidies — if they
are to provide a major proportion of
the electricity mix. As far as wind en-
ergy is concerned, this goal can be
achieved through offshore wind
farms and a range of innovations.
Pages 22, 26

34     Why Saving Energy Makes Sense 
          Electricity prices will continue to rise

during Germany’s energy transition,
says Jochen Homann, President of
the Federal Network Agency, in an
interview. That’s a good reason for
using energy-saving measures in
buildings, he says.

On a trip around Germany, Andy and his wife

visit the home town of Andy’s grandfather. In

the Energy Museum, the town’s main tourist

attraction, the couple learn how Germany has

been converting to green energy sources

over the past 40 years. A small robot acts as

their museum guide. But as the guide begins

to point something out, Andy discovers that

the panoramic window in front of him is an

interactive multimedia display...
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Increasing resource scarcity, the nuclear accident in Japan, and the beginning of global warming are
making it clear that the worldwide energy system is not sustainable. Ambitious plans are being made
to change the picture. Germany, for example, intends to switch to a sustainable energy supply, with
all of its challenges, but also a world of opportunities for people, the environment, and the economy.

The Project of the Century
The Energy Puzzle | Trends

A sign at Berlin’s Brandenburg Gate announcing

“Energy Transition Now!” reflects Germany’s 

enthusiasm for a plan to transition to renewable 

energy, efficiency, and new mobility solutions.

source shortfall? Maybe — but it’s more likely
that it would be too expensive and too compli-
cated. The far logical and natural thing to do is
to use existing resources more economically. 

But for many countries, that will be a mam-
moth task. The reason this is such a big chal-
lenge is that ultimately the two biggest chal-
lenges of our age will have to be overcome at
the same time: climate change and resource
scarcity. Accomplishing this will be possible
only through a huge reorganization of our
economy and our energy system with the aim
of achieving more sustainability. The reorgani-
zation of the economy requires greater reuse
of raw materials, recycling, and closed-cycle
waste management. The reorganization of the
energy system requires a large increase in the
proportion of renewable and, whenever possi-
ble, use of zero-carbon energy sources. In ad-
dition, the production and use of electricity
must become much more efficient. And all of
these measures have to be taken not by 2025,
but as soon as possible.

What a sustainable energy system of this
kind would look like is becoming apparent in
Germany. Following the nuclear disaster in
Japan in 2011, Germany became the first
country to set itself ambitious goals for a sus-
tainable energy supply. In addition to forgoing
nuclear energy entirely by the year 2022, the
German plan calls for a massive expansion of
renewable sources such as wind and solar en-
ergy (to account for 80 percent of power gen-
eration by 2050) and the reduction of green-
house gases (an 80 percent reduction by 2050
relative to 1990). “The realization of a sustain-
able energy supply is the project of the century
for Germans. It is right, and it is important,”
says Michael Süß, CEO of the Siemens Energy
Sector. “People abroad are closely watching
how Germany goes about it.” 

Accomplishing this project will require not
just the right political conditions but also,
above all, the right technical solutions. “It in-
volves innovations in every field: energy effi-
ciency, power transmission, generation, and

storage,” says Jochen Homann, President of
the Federal Network Agency for Electricity,
Gas, Telecommunications, Post and Railways,
in an interview with Pictures of the Future (p.
15). “German industry is one of the guarantors
of a successful transition to a sustainable en-
ergy supply.” Moreover, if the reorganization of
the energy system in Germany is successful,
the solutions used here could become major
exports on the global markets.

The good news is that successfully realizing
a plan as ambitious as the transition to sustain-
able energy doesn’t mean the technological
wheel has to be reinvented. Many of the re-
quired technologies and solutions are already
available for the most part, or are now being
developed. The steps that must be taken to
make energy systems sustainable come from
nine different fields and fit together like the
pieces of a puzzle.

Renewable energies are one example. “At
this point, renewable energies are no longer a
niche technology; they are an important factor

I t sounds like science fiction. Asteroids are
drawn into orbit around the moon, and

then machines and equipment land on them
to extract raw materials such as iron, platinum,
and rare earth elements. People around the
world were flabbergasted when a largely un-
known U.S. company first presented this busi-
ness model in April 2012. What sounded at
first like an April Fools’ Day joke is actually a se-
rious plan. The company that has declared its
dedication to achieving this goal is called “Plan-
etary Resources.” And feasibility studies from
several institutes show that a project of this
kind could be realized as early as 2025. 

The underlying intention seems logical. The
think tank “Global Footprint Network” has cal-
culated that we will need two to three Earths
by 2050 if we don’t curb our current rate of re-
source consumption (see Pictures of the Fu-
ture, Fall 2011, p. 84). At the same time, huge
deposits of metals and ores are passing by the
Earth in the form of innumerable asteroids.
Would mining them mean the end of our re-
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whose appearance reminds Andy of old sci-
ence fiction classics. “Who are you?” Jennifer
asks the tiny tin man. “Who am I, and why is
there only one of me? That’s a good question,”
he answers. “My name is Energon, and my job
is to answer the questions of the visitors on
this platform. If it’s okay with you, please ask
only questions about the energy transition.”

“This pile of tin has got some nerve,” Andy
thinks, and decides to test the tiny metal man
immediately. “Down below us we see the old
school my grandfather used to go to,” he says.
“According to the stories he used to tell, this
school was heated with a smelly oil furnace
that was almost impossible to regulate. In spite
of the furnace, the school was always cold. Af-
ter all, its insulation was poor and there was so
little fresh air that the windows had to be kept
open all the time.” “State your question,
please,” Energon reminds him, rolling his
glowing blue eyes. Andy continues his story:
“We’re told that as a result of the energy transi-
tion, buildings in Germany were made as en-
ergy-efficient as possible. But that certainly
hasn’t happened to this school, because it
looks just the way it did many decades ago. I’m
not making a mistake here, am I?”

Energon smiles at this. “Thank you for ask-
ing this question,” he says. “But before I give
you an answer, show me the building you
mean.” Andy points to the building far below.
A second later he rears back in amazement.
Just at the point where he had pressed his
nose against the glass, the facade of the
school has suddenly appeared at eye level. En-
ergon emits a tinny giggle. “That’s the latest in-
stallation we have here. Thanks to gesture and
gaze recognition, the multimedia window reg-
isters which building a visitor is pointing to.
And here you can see all of the energy-relevant
information about this building.”

Jennifer points to the display and asks, “This
is probably a comparison of the old school’s
status before and after the modernization
process, isn’t it?” Energon blinks his eyes ap-
preciatively and continues his lecture. “As you
can see, the problems have been solved. Today
all of the city’s public buildings and almost all
of its private buildings are practically energy-
independent, thanks to photovoltaic modules,
transparent solar film windows, heat pumps,
combined heat and power units, and — of
course — very good insulation. An energy
management system ensures that only as
much energy as necessary is used. Rooms are
equipped with occupancy sensors. These are
used to power down or switch off systems in
building areas that are not occupied, depend-
ing on their use profiles. Sensors also ensure
that each room has a comfortable atmosphere
in terms of temperature, lighting, fresh air and
so on. Outside, rainwater is collected and

transformed into drinking water by means of
membrane filters. All of the systems taken to-
gether result in maximum efficiency without
any sacrifice of comfort.”

“And the architecture has hardly changed at
all, as far as I can see,” says Andy in surprise.
Jennifer is enthusiastic. “Let’s do the same
thing at home,” she says. “I think we’re still us-
ing more resources than we need to!” 

But Andy has another question for the
clever little robot: “How did they manage to
get 80 percent of the energy for these build-
ings from renewable sources?”

“Does every visitor have to ask the same
question?” Energon groans. Nonetheless, he’s
a professional museum guide, so he continues
his narrative. “The challenge was primarily to
maintain a balance between supply and de-
mand in the electricity grid, in spite of fluctua-
tions of wind and solar power. It’s like a puzzle
— the necessary measures have to fit together
perfectly. Prices fluctuate in line with supply
and demand. You also have to be able to influ-
ence demand. In addition, you need storage
units and smart network agents that market
the electricity offered by thousands of small
producers and adjust the amounts available to
the needs of consumers. The whole process
takes place in real time through an internet-
based electricity exchange.”

“What happens when producers generate
more electricity than people need?” Jennifer
asks. “Finally, an expert question!” Energon ex-
claims. “In that case, the price drops and elec-
tric vehicles start recharging, cooling units
start up, pumps start to run, electricity storage
units offer storage room and so on. Dedicated
lanes for electric vehicles have been set up on
the city’s beltway, on truck routes, and on ma-
jor highways. Trucks on such roads can use the
pantographs on their roofs to operate in elec-
tric mode and thus save even more energy. If
all this is not enough, electrolysis transforms
excess electricity into hydrogen gas — an ex-
cellent energy-storage agent. We can store this
hydrogen in the natural gas network and use it
for heating, convert it once again to electricity
in gas turbines, or use it in fuel-cell vehicles.”

“Wow, — all these measures really do fit to-
gether like a puzzle,” Andy says. “Planners have
created an outstanding sustainable energy sys-
tem, helped to combat climate change, and
conserved resources. In view of today’s oil
prices, that’s a very good move.” “Well, we
can’t do entirely without oil,” Energon points
out.” We may not burn it any more, but many
plastics are still being made from petroleum.
And as for me...” Here he makes a dramatic
pause and grins in a way that’s almost human
before adding, “My joints often need some lu-
bricating oil, what with the crowds of visitors
this museum attracts!” Sebastian Webel



Pictures of the Future | Fall 2012 13

The Power Matrix 

Mankind’s energy needs are steadily increasing. Electricity makes it possible to overcome this chal-

lenge in a way that is economical, clean, reliable, and resource-efficient. However, demands for energy 

differ from place to place, and so do the various forms of power use. Furthermore, our energy systems are

becoming increasingly complex. They are no longer based on monolithic standard structures and an energy

conversion chain that extends in a straight line from raw materials to the processing of those materials, 

the extraction of usable energy in large plants, and onward to the individual consumer. Today, energy 

resources vary just as much as regional demand and the market conditions. Siemens Energy therefore 

regards today’s energy system as a limitless matrix; its demands require solutions that make possible the

optimal use of all available energy resources — independently of the particular energy sources involved,

the various forms of power generation, and the transmission distances. The company’s matrix-based 

energy concept includes conventional power plants as well as decentralized power generation through

photovoltaics, wind, water, and biomass. Energy storage systems and electric mobility are likewise parts 

of this power matrix. The products, solutions, and services of Siemens Energy are focused on this matrix,

and thus they make possible a forward-looking energy system that permits a highly economical, sustain-

able, resource-efficient, and reliable use of energy.

many ways of lowering power demand. One
key lever is real-time pricing. If prices rise with
demand, consumers will cut back on non-es-
sential demand. It makes little difference, for
example, if refrigerated warehouses, air condi-
tioning systems, or household appliances are
powered down for brief periods (p. 37, 98).

This shows that the cleanest power is al-
ways the power that isn’t consumed. Efficient
use of energy is therefore one of the most im-
portant pieces of the puzzle for a sustainable
energy system. This applies especially to indus-
try, which can increase its competitiveness by
achieving a high level of efficiency that re-
duces its energy costs. 

Transportation and buildings have to be-
come more efficient too. The latter are respon-
sible for 40 percent of global energy use, but
this could be reduced by approximately one
fourth through simple energy-saving meas-
ures. Siemens is equipping buildings with en-
ergy-efficient technology in many countries
and is thereby creating some of the most sus-
tainable structures in the world (p. 35).

When Siemens modernizes buildings, it of-
ten finds that important increases in efficiency
can be managed only with the help of smart 
financing options. That’s especially true for
cities and municipalities, which may want to
lower their energy demand despite tight budg-
ets. One form of smart financing is the energy-
saving contracting used by Siemens. In such
cases, customers don’t have to make any initial
investments in the modernization of their
buildings. Instead, they pay for improvements
in installments using nothing but the money
they have saved on energy costs (see Pictures
of the Future, Fall 2009, p. 60 and Fall 2011, p.
40 and Spring 2012, p. 36).

Top Objective: Reliable Supply. In all the
steps that have to be taken for a sustainable
energy system, one objective must always
have very high priority: security of energy
supply. In the future, energy will have to re-
main reliably available and affordable. “We
can assume that grid charges, and therefore
electricity prices, will increase,” says Jochen
Homann. “But the costs have to be kept as low
as possible; distribution networks have to be
expanded only as much as needed to ensure a
secure supply. Furthermore, costs have to be
transparent and distributed fairly among cus-
tomer groups.” 

At the same time, the energy supply also
has to be reliable under all circumstances —
especially in a highly industrialized country like
Germany. The competitiveness of German
business and industry would be jeopardized by
an energy grid that was prone to breakdowns
or major blackouts like the one that occurred in
India in July 2012, during which approximately

600 million people went without power for as
long as two days.

All measures must therefore fit together
like the pieces of a puzzle. Within the appropri-
ate framework — that is, with the right politi-
cal support for renewable energy, energy effi-
ciency, expansion of the distribution grid,
network charges, and R&D — this can result in
a harmonious overall picture. That’s how the
transition to a sustainable energy supply can
be achieved — and the products developed for
it can become major exports on global mar-
kets, because sooner or later other countries
will have to find their way to a sustainable en-
ergy supply as well.

One example of a sustainable energy sys-
tem is now being implemented and tested in
the Harz Mountains in Germany. Renewable
energy dominates in this region, contributing

over 60 percent of the power supply. But how
can sustainable mobility be achieved at the
same time — while maintaining very stable
electrical grids and the economic viability, reli-
ability, and security of the distribution system? 

The Harz.EE-mobility research project is
supported by several German government
ministries and includes among its participants
Siemens, cell phone service provider Voda-
fone, the utility company E.ON, and the Ger-
man rail system. The participants are studying
how regionally-generated renewable energy
can be used for electric vehicles and integrated
into a smart electrical grid. Although geo-
graphically limited, the project is demonstrat-
ing how transportation can be integrated into
the broader sustainable energy picture —
without any help from space ships or asteroids.

Sebastian Webel
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in the power market. So over the short to
medium terms they’ll increasingly have to
compete on equal terms in the market,” says
Homann — particularly if the bulk of the
power is supposed to come from renewable
energies. In the case of wind power especially,
this economic viability can be attained rela-
tively quickly. Thanks to innovations currently
being developed in Siemens’ Wind Power labo-
ratories, wind-based electricity is expected to
become as cheap as coal-based power in the
medium term, even without subsidies (p. 22).

Electricity Highways. But because power
from renewable energy sources is mostly gen-
erated in the places where they are found in
abundance — the sun in sunny areas, and the
wind on the open seas — transport grids will
have to be expanded into highways for elec-
tricity, both nationally and across international
borders. Here, high-voltage direct-current
(HVDC) transmission is ideal for this purpose
(pp. 24, 26). Over long distances, HVDC lines
can transmit electrical power much more effi-
ciently than classic high-voltage three-phase
lines. 

At the end of May 2012, the German gov-
ernment and the country’s largest power com-
panies published a Grid Development Plan,
which outlines the basic parameters of the re-
organization of the long-distance transmission
networks and envisages 3,800 kilometers of
new lines. “We’re experiencing a boom in re-
newables. To bring wind energy to consumers,
we urgently need new highways for electricity
from north to south,” says Michael Süß. 

In this context, however, it’s important that
citizens aren’t left with the feeling that the
transition to a sustainable energy supply and
the expansion of transmission networks is be-
ing decided without any regard to them or
their views (pp. 14, 32). “The shift to sustain-
able energy has to take place in the minds of
the people too,” warns Süß. “We can’t have a
situation where every electrical pole is fought
over. People do want to increase the use of re-
newable energies, but it can’t be done without
additional infrastructure.”

The heavy use of renewable energy re-
quires more than just an expansion of the elec-
trical grid, however. That’s because power
from the wind and sun fluctuates according to
weather conditions. Over the long term, there-
fore, there will be a need for power storage
systems that can hold excess energy for hours,
days, or even weeks, if necessary, and feed it
back into the grid during calm periods. Exam-
ples of such systems include the hydrogen
electrolysis and storage plants currently under
development (see Pictures of the Future,
Spring 2012, p. 100) as well as the Siestorage
power storage technology of the Siemens In-

At the same time, conventional power plants
have to be available to provide a certain base
load and serve as a backup solution, quickly
feeding power into the grid when there is a
deficit. Fast-starting, high-efficiency gas-fired
power plants are particularly suitable for this
function (p. 17). 

Millions of Energy Producers. Whether it’s
solar, wind, or biomass plants, small-scale
combined heat and power plants or large con-
ventional power plants — in the future, mil-
lions of generators will feed power into the
German grid, rather than just the few hundred
of 15 years ago. The people who used to be
consumers of energy will increasingly also be-
come producers of it, or “prosumers.” This fact,
as well as the fluctuating feeds of renewable
energies, necessitate intelligent electrical net-

frastructures & Cities Sector. Siestorage is a
modular system based on lithium-ion batteries
that can store 500 kilowatt hours (the average
daily consumption of 50 households) and
serve as a buffer against short fluctuations —
for seconds or minutes — in the power from
renewable sources. But a massive expansion of
storage technologies won’t be enough either.

works or “smart grids” that keep distribution
networks stable and enable clever power man-
agement (pp. 66, 98 in this issue and Pictures
of the Future, Spring 2012, p. 46).

The big pictures also includes smart man-
agement of demand. For the reasons men-
tioned above, regenerative energy sources de-
mand smart use of available energy. There are

The transition to a sustainable energy supply 

will require taking a variety of perfectly 

coordinated steps. German Federal Minister 

for the Environment Peter Altmaier holds 

this “Energy Puzzle” in his hands.
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Germany’s transition to renewable energy is a huge project. Never before has the power system of an
industrialized country been so extensively upgraded. The project offers opportunities for environ-
mental protection, the economy, and citizen participation — but there are many challenges ahead.

An Electrified Nation
The Energy Puzzle | Transition to Renewables

Germany’s transition to renewable energy 

(Energiewende) is in full swing. If successful, 

it will serve as a model for other countries. 

People in many countries have stickers and
posters that show a red smiling sun and a

slogan that says “Nuclear Power? No thanks!” A
symbol of the global protest against nuclear
power for decades, the red sun may soon be a
thing of the past — at least in Germany, whose
government plans to phase out all of the na-
tion’s nuclear power plants by 2022. Among
other things, this policy is a response to the nu-
clear accident in Fukushima, Japan, in March
2011. Germany’s energy transition also in-
cludes plans to reduce greenhouse gas emis-
sions by 80 percent relative to 1990 levels be-
tween now and 2050, increase the share of
energy from renewable sources in the electric-
ity mix to 80 percent, and implement major
energy efficiency improvements. 

It sounds great. Lower emissions help fight
climate change and greater efficiency will save
money and conserve resources. The energy
transition also offers great opportunities for in-
dustry because the highly efficient technolo-
gies needed to implement it can open up new
markets around the world. But there are also
tremendous challenges involved. For example,

Germany will need to replace the combined
20-gigawatt output from its fleet of nuclear
power plants in less than ten years — mainly
by expanding renewable energy sources. A lot
has already been accomplished. For instance,
the share of electricity from renewable sources
increased from 16 to around 20 percent be-
tween 2010 and 2011. But the real challenge
is reliability of supply. After all, electricity from
the wind and the sun is dependent on the
weather, which means that output fluctuates
sharply. 

Modernization without Interruptions. It’s a
huge project — one that marks new territory
for policymakers, electricity providers, infra-
structure suppliers, and the public. “That’s
mainly because the energy transition is not
about building a new system from scratch —
it’s about modernizing a working system while
it continues to operate,” says Dr. Udo Niehage,
who is in charge of energy transition issues at
Siemens. “Moreover, all of this must be done in
a country in which even the slightest blackout
can cause huge economic damage.”

The energy transition cannot be achieved
just by increasing the use of renewable sources
and introducing energy-saving technologies.
The key is to implement a number of measures
that fit together perfectly like the pieces of a
puzzle (see p.12). For example, there has to be
greater use of energy from renewable sources
at competitive prices and, at the same time,
the power transmission and distribution grids
also have to be expanded. The same applies to
the development of energy-storage technol-
ogy and energy-efficient solutions for conven-
tional power plants, buildings, transport sys-
tems, and industry. Intelligent financing
options need to be made available to private
citizens, cities, and regions — and all these
measures must be implemented within the
framework of reliable long-term conditions yet
to be established by policymakers. 

“Achieving these goals will require exten-
sive cooperation on the part of everyone in-
volved,” says Niehage. “The whole process
must be closely coordinated at the federal
level, preferably by a single agency. This is es-
pecially true with regard to expansion of the

grid. For instance, electricity produced at wind
farms in northern Germany will have to be
transported to major consumer centers in the
south.” An initial step in this direction was
taken in June 2012, when the German federal
government and the country’s major electricity
suppliers published a grid development plan
that provides the key data for this huge proj-
ect. The plan calls for up to four new transmis-
sion routes to be built from north to south.

So is the energy transition proceeding as
planned? “Very good technical solutions have
now been developed for nearly all the areas in
which measures need to be taken — but tech-
nical feasibility isn’t everything,” Niehage ex-
plains. 

“Another important factor for the success of
the project is public acceptance.” That’s any-
thing but a given. It’s true that the goals of the
energy transition have won broad acceptance
among the German people and across all polit-
ical parties. The German Renewable Energies
Agency also reports that 75 percent of Ger-
mans would like their electricity to come from
renewable sources. Nevertheless, many Ger-
mans feel the government is making decisions
without consulting them — on issues like
where to build new power masts, which of
course nobody wants in their backyard.

The Customer is King. The social dimension
of the energy transition also needs to be kept
in mind. Many Germans fear that electricity
might become more expensive. After all, the
country’s Renewable Energy Act (EEG) stipu-
lates that higher rates and fees must be paid
for electricity fed into the grid from renew-
ables. The fees are basically a consumer sub-
sidy for renewables. Subsidies for photovoltaic
facilities (PV), for example, have generated
over €100 billion in costs for consumers due to
the EEG stipulations — despite the fact that PV
plants only account for three percent of all the
electricity produced in Germany. 

That’s one of the reasons why the average
annual electric bill for private households in
Germany rose by around 25 percent between
2007 and 2012, putting a major burden on
low earners and seniors in particular. Accord-
ing to the Die WELT newspaper, up to 15 per-
cent of the German population is now strug-
gling with continually rising energy costs. The
government, energy suppliers, and industry
must work together to develop solutions here.
“We’re already working hard on technological
innovations that not only can make electricity
from renewable sources as cheap as power
from coal, but can also transform buildings
and factories into energy misers,” says
Niehage. Factories in particular need to factor
in the value of cost-cutting technologies be-
cause “the industrial sector is worried that

sharply rising electricity costs could make man-
ufacturing in Germany too expensive.”

Still, most Germans seem to agree on the
most important point — namely that the en-
ergy transition is crucial. The main concern is
that it should not become a money pit. There
also needs to be more transparency and more
information in order to move away from an
emotionally charged atmosphere to a rational

environment in which decisions can be imple-
mented. That such a scenario is possible is be-
ing demonstrated by citizen initiatives that op-
erate their own wind farms and are thus
already part of the energy transition (see p.
32). After all, when the country’s citizens be-
come the driving force behind this massive
project, there won’t be any need for protest lo-
gos like a smiling red sun. Sebastian Webel

Jochen Homann , 59, has
been President of the Federal
Network Agency for Electric-
ity, Gas, Telecommunications,
Post, and Railways in Bonn
since March 2012. Prior to
that, Homann, an economist,
was a State Secretary in Ger-
many’s Ministry of Economics
and Technology, where he
was responsible for energy,
industrial, technology, and
foreign trade policies. The
Federal Network Agency over-
sees competition in the sec-
tors mentioned in its title. In
2011, it was also given re-
sponsibility for tasks related to
the grid development plan. If,
for example, the plan requires
an expansion of the high-volt-
age network, the agency will
ensure efficient implementa-
tion by streamlining planning
and approval procedures. 

Building an
Infrastructure
that will 
Benefit 
Coming
Generations 

The Energy Puzzle | Interview

The transition to renewable energy is
broadly accepted throughout German 
society. It’s not so much the goals that
are controversial but rather the speed at
which they should be achieved. Are we
on the right track, or do we need a mas-
ter plan for this project of the century?
Homann: The energy transition is a project
that will take more than one generation to 
implement. We don’t require a master plan; 
instead what we need are well founded deci-
sions that are understood by the public and
can be clearly communicated to society. If the
target is 2050, you can’t expect to see imple-
mentation in a couple of years. You can’t plan
technological advances and innovative break-
throughs in advance, so appropriate incentives
for all parties involved are more important
than central planning. 

What needs to happen next?
Homann: It’s important to make a clear dis-
tinction between an energy policy vision and
short-term requirements. The Federal Network
Agency is not only interested in the long-term
perspective; for example, a secure supply of
energy for next winter is also an issue as far 
as we’re concerned. The point is to develop
power generation capacity, although rapid 
expansion of the high-voltage network is also
a top priority. 
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Gas-fired power plants are all-rounders. They can go from a complete standstill to maximum output in just
a few minutes and can also be operated very flexibly. Thus they have what it takes to keep power grids 
stable in the age of renewable energy sources. Gas-fired plants also emit a lot less carbon dioxide than coal
power stations. With all of these advantages, it appears that good times are ahead for natural gas.

Good News in the   Pipeline
The Energy Puzzle | Gas-Fired Power Plants

Three months after the accident at the
Fukushima Daiichi nuclear power plant in

Japan, the International Energy Agency (IEA)
was predicting that the golden age of natural
gas was about to begin. In 2035, according to
the IEA, natural gas will account for 25 percent
of the global energy supply; the current figure

Experts believe natural gas will become 

increasingly important in the energy mix. 

That will benefit manufacturers of gas 

extraction and transport technologies. 

is 20 percent. In fact, some experts are predict-
ing that gas might surpass coal as early as
2030, while the share of nuclear power is ex-
pected to decline.

Such a scenario would be a good thing for
the global climate. That’s because gas-fired
power plants produce much lower carbon
dioxide emissions than facilities that burn coal,
which is currently the most widely used raw
material for electricity production. Today’s
state-of-the-art combined cycle power plants
release only around 330 grams of CO2 per kilo-
watt-hour of energy. Even the best coal-fired
plants at the moment produce more than
twice that amount. Siemens would also bene-
fit from a new gas boom. The company offers
technical solutions for everything from gas ex-
traction to the construction of entire power
plants. 

How likely is a scenario such as the one de-
scribed above? “All indications point to natural
gas playing a more important role in the en-
ergy mix of the future,” says Volkmar Pflug,
Chief Market Analyst at Siemens’ Energy Sec-
tor. Pflug’s belief is based on scenarios of the
future energy mix that Siemens develops an-
nually with customers in 55 countries. The
studies take into account the conditions in in-
dividual countries, because energy suppliers in
different regions decide to build combined cy-
cle plants for different reasons. 

In regions where the share of renewable
energy sources is high, suppliers are attracted
by the great flexibility of gas power plants,
whose output can be stepped up very quickly
when there’s not enough sunshine or wind.
The Irsching 4 power plant unit, for instance,
which was built by Siemens, can increase its
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Do we have all the necessary 
technologies for this? 
Homann: We need innovations in all areas —
from power generation and transmission to
energy efficiency and electricity storage. You
need to keep a lot of options open, and the
government should remain as technologically
neutral as possible. In the end, competition
will decide which technologies are the most
efficient and cost-effective as far as the energy
transition is concerned. The ingenuity of Ger-
man industry will help ensure that the project
is a success.

What steps can be taken to ensure 
that electricity remains affordable 
in the future?
Homann: I’ve always said that the energy
transition won’t come cheap. Still, no one can
seriously predict today how electricity prices
— whose components include purchasing
costs, eco-subsidies, and taxes — will develop
in the future. We can assume that the electric-
ity price component of grid operator rates 
will increase. The cost of the energy transition
must be kept as low as possible. In other
words, the grid should only be expanded 
to the extent that the supply is safeguarded.
Costs also need to be transparent and distri-
buted fairly among consumer groups.

How can renewable energy be 
made more competitive without 
subsidies?
Homann: The funding provided in support of
renewable energy was always meant to facili-

tate its market entry. And in that sense it has
been very successful. However, renewables
are no longer a niche sector; they’re also an
important factor in the German electricity
market. That’s why they will be exposed to
more competition over the short and medium
term. The Renewable Energy Act, with its set
feed-in tariff and guaranteed feed-in priority,
must be carefully refined with the goal of es-
tablishing a feed-in policy that meets actual
needs. 

Are distributed power systems making
more and more regions self-sufficient
when it comes to energy?
Homann: It’s almost impossible to be self-suf-
ficient in small areas because there’s sharply
fluctuating energy consumption on the one
hand, and a weather-dependent electricity
supply from renewables on the other. It’s also
questionable whether energy independence
would work at the state level. It’s still not 
possible to store electricity economically. As 
a consequence, load compensation must be
carried out via the grid. We need to expand
the grid in order to deal with this issue and
prevent power outages. Distributed power 
systems actually increase the need to expand
the grid because electricity from renewables
first has to be collected before it can be sent 
to consumer centers. 

How many new electricity highways do
we need in Germany? 
Homann: Back in 2009, on the basis of the
Energy Line Extension Act, it was determined

that approximately 1,800 kilometers of priority
high-voltage lines should be built . Altogether,
214 have been built to date and 100 of these
are in operation. This low number is not so 
important. It’s normal for a planning phase 
to take a relatively long time. The important
thing is that more people should understand
the necessity of the project and become more
willing to make important decisions. The situa-
tion is better now in this respect than it was
before — in part due to the pressure created
by the new legal framework. In December
2011, the Federal Network Agency approved
three scenarios that describe the likely devel-
opment of power generation and consump-
tion between now and 2022 and now and
2032. The grids must be modified in a way
that ensures they’ll be able to handle these
scenarios. This was the basis on which a draft
of a new grid development plan was drawn up
by operators. The plan calls for existing lines
to be optimized or new ones to be constructed
on existing routes. Such an approach would
significantly reduce the need for new routes.
The transmission system operators (TSOs) 
report that they have received more than
1,500 responses to the draft proposals from
the public. The TSOs will send us a new draft
that takes the opinions of these citizens into
account. We will examine it and then begin
our own deliberations, in which interested
parties can participate as well.

How do you plan to achieve public 
acceptance?
Homann: The energy transition hinges on
grid expansion — and that in turn will depend
on the level of public acceptance. We have
learned a lot from other projects and have de-
cided to get the public involved from the be-
ginning. A key element of the Grid Expansion
Acceleration Act is to have extensive public
participation at an early stage in order to en-
sure greater acceptance and therefore faster
implementation. The Federal Network Agency
also invites the public to attend dialog plat-
forms on technology and the environment.
The goal is to attain greater public approval
through openness. In the end, transparency
leads to acceptance. 

It’s now time to make a prediction about
the future. Do you think that Germany
will be proud of its sustainable energy
system in 2030?
Homann: I’m absolutely convinced that every-
one will benefit from the energy transition in
the long run. It’s an investment in the future
that doesn’t come cheap, and most of its ad-
vantages will be enjoyed by the generations
that come after us. 

Interview conducted by Florian Martini.

As early as 2030, around half of Germany’s electricity is expected to come from renewables.



2035 — and to 80 percent by 2050. At that
point, gas power plants might in some cases
operate at full capacity for only 1,500 to 2,000
hours per year. By comparison, such plants are
usually run at medium capacity today, which
corresponds to between 4,000 and 5,000
hours of full capacity operation per year. To en-
sure that investments in gas-fired plants never-
theless pay off, a new market concept must be
developed — one that assigns the operating
costs for such plants on an ad hoc basis to the
entities that require their services. In other
words, in order to ensure a stable supply of
electricity, these additional costs for electricity
required by the use of fluctuating renewable
sources must be borne by those producers that
generate power from fluctuating sources. 

In any case, the power plants used in future
energy systems will have to be extremely flexi-
ble. Energy supplier E.on is now retooling its
combined cycle plants in the UK to allow them
to operate even without a steam generation
process after a cold start — a technical feat
that state-of-the-art combined cycle plants
from Siemens can already achieve. Politics
plays a major role in decisions regarding the
kinds of power plants to be built in the U.S. as
well. Officials in the U.S., for example, are con-
sidering an upper limit of 450 grams of CO2

emissions per kWh of electricity produced. 
Coal-fired plants can only comply with this

restriction if they are equipped with CO2 sepa-
ration and storage systems. The associated
technologies are also being tested by Siemens
(see Pictures of the Future, Spring 2010, p.
111), even though their use reduces a plant’s
efficiency and thus its profitability as well. Ex-
perts also suspect that these technologies will
limit the ability of coal-fired plants to rapidly al-

ter their output. Combined cycle plants, on the
other hand, can easily meet such an emission
limit (or produce fewer emissions) even with-
out CO2 separation.

Exploiting Heat. The efficiency of combined
cycle plants can be further increased by using
heat from a plant’s combustion process to sup-
ply homes, apartments, and industrial facilities
with heat. Such a measure raises a plant’s
overall energy efficiency rating to more than
80 percent. This approach can ensure a reliable
supply of energy — and lower CO2 emissions
— over the next few decades, as it will take
some time before renewable energy sources
can completely replace fossil fuels. With this in
mind, the European Parliament called on EU
member states back in 2004 to present individ-
ual plans for expanding their use of cogenera-
tion (combined heat and power — CHP) facili-
ties. Germany subsequently announced a plan
to double the share of energy generated at its
CHP plants to 25 percent by 2020 — a very
ambitious goal, given that effective heat ex-
ploitation requires a plant to be situated as
close as possible to energy consumers, i.e. to
cities. 

Nonetheless, a new project in Düsseldorf
shows that such an approach can in fact be im-
plemented. In July 2012 Siemens announced
that it had been awarded a contract for the
turnkey construction of a new combined cycle
plant to be known as “Lausward F.” When the
new plant in the port of Düsseldorf goes on
line, it will immediately set new world records
in three categories. First, it will have an electri-
cal output of 595 MW, the highest ever for a
single combined cycle unit. Secondly, its elec-
trical efficiency rating will reach more than 61

percent, while the overall capacity factor for
natural gas as a fuel will total roughly 85 per-
cent. Finally, the facility will decouple an un-
precedented 300 MW of district heating capac-
ity from a single combined cycle unit for use in
a cogeneration system.

The increase in electrical output and the ef-
ficiency gain from over 60 percent in Irsching
to more than 61 percent in Düsseldorf might
not seem like much at first. “However, you also
have to consider that fuel accounts for 75 per-
cent of a plant operator’s total costs,” says
Lothar Balling, who is responsible at Siemens
for sales of combined cycle plants in Central
Europe and Asia. A mere 0.25 percent increase
in electrical efficiency can increase electricity
production by around 15 million kilowatt-
hours each year — with both fuel costs and
CO2 emissions remaining unchanged.

Regardless of where and for what purpose
new combined cycle plants are built, Siemens
is likely to benefit. The company has consis-
tently developed its gas turbine manufacturing
network into a global operation over the past
few years. Siemens also recently invested more
than $350 million in its plant in Charlotte,
North Carolina. The investment added 700
new jobs to the existing workforce of 1,400.
And plans call for the Charlotte facility to man-
ufacture components for export. 

Siemens is now also planning a new pro-
duction center for gas turbines in Saudi Arabia
in order to serve that country’s market, and at
the end of 2011 the company signed a con-
tract to create a joint venture that will begin
manufacturing gas turbines in St. Petersburg,
Russia, in 2014. All of these developments add
up to good prospects for a new golden age for
gas. Johannes Winterhagen

Turbine design and materials are continually being improved. The higher the efficiency, the lower the fuel use and costs. 
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output by 35 megawatts (MW) in just one
minute. Although modern coal-fired plants can
also change their output this quickly, they can
only do so if they’re already up and running,
and it can take hours to warm them up. The
gas plant in Irsching, Germany, on the other
hand, can produce 350 MW of power just ten
minutes after a six to eight-hour pause. This is
achieved by initially decoupling a slower steam
turbine  and operating the gas turbine alone.
As soon as enough heat is generated, the plant
is switched to combined cycle mode (see
Pictures of the Future, Fall 2011, p. 96). 

Security of supply is the main consideration
in the U.S. and booming Asian nations, such as
India and Vietnam. These countries don’t want
to rely on one source of energy, even though
coal is still generally a cheaper option than gas
is today. 

South Korea offers another example. The
country has very few energy reserves and is

the world’s second-biggest importer of lique-
fied natural gas (LNG). The South Koreans
want to use all that imported gas as efficiently
as possible. To this end, the country’s first H-
class combined cycle power plant will enter
service in the summer of 2013. The facility will
feature an H-class turbine — the same type of
turbine that makes possible a world efficiency
record of 60.75 percent, which has been set in
Irsching. Siemens has already sold seven of
these gas turbines to South Korean companies.

Unconventional Sources. The tremendous
boom in demand for gas power plants in the
U.S. is due mainly to low gas prices. Natural
gas in the U.S. is increasingly being obtained
from so-called unconventional sources —
methane deposits that formed from decayed
organic material trapped in fine-grained layers
of sedimentary rock and coal seams rather
than in large hollow chambers, which is usu-

ally the case with natural gas. Until recently,
extracting gas from such sources was too ex-
pensive and therefore not worth the effort. But
technological advances have now made ex-
traction profitable. For one thing, directional
drilling now makes it possible to bore horizon-
tally to a depth of as much as one kilometer
below ground, into what are often thin rock
layers of only several meters. Gas can also be
forced out of rock pores by pumping water at a
pressure of up to 1,000 bars in a process
known as fracking.

To date, some 100,000 shale gas bores
have been drilled in the U.S.  — with the result
that it has now become more financially at-
tractive to invest in gas-fired plants than in
coal power generation facilities. This drilling
boom will eventually reach the rest of the
world. The IEA expects to see up to a million
bores by 2035 because nearly every country
has unconventional gas deposits on its terri-
tory. Such drilling is controversial, however.
Among other things, environmentalists are
worried that the chemicals used in fracking
can contaminate groundwater. Fracking ex-
perts counter by pointing out that bore shafts
are lined with cement, which ensures that no
contaminants can get into the perpendicular
layers where groundwater flows. 

“The success that combined cycle power
plants will ultimately enjoy also depends heav-
ily on political factors,” Pflug explains. Ger-
many, for example, wants to build new gas-
fired plants to compensate for supply gaps that
occur when an insufficient amount of energy
is produced at solar and wind facilities. As part
of the country’s energy transition policy, Ger-
many plans to increase the share of renew-
ables in its energy mix to around 50 percent by

Siemens has expanded its turbine plant in Charlotte, North Carolina. More and more gas power plants are being built in the U.S., where gas prices are low. 
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cumulated subsidies for solar power reached €100 bil-

lion in Germany in 2012. 

The EU, for its part, has agreed on a new directive

concerning energy efficiency that will require its mem-

ber states to take measures to reduce their annual en-

ergy sales by 1.5 percent. This could be done by institut-

ing requirements for saving energy or by offering tax

breaks for investments aimed at improving energy effi-

ciency. The American Council for an Energy-Efficient

Economy (ACEEE) has developed an international en-

ergy efficiency scorecard that focuses on buildings, in-

dustrial facilities, and transport systems. European

countries including the UK, Germany, Italy, and France

performed much better on the scorecard in 2012 than

the U.S. or Brazil. 

Still, the U.S. has set aside a substantial amount of

money in its 2012 budget for promoting energy from re-

newable sources. The U.S. Department of Energy will

provide approximately $3 billion for energy efficiency

measures and renewable energy, for example, while the

Department of Agriculture will spend a further $6 billion

to promote the use of energy from renewable sources to

generate electricity in rural areas. Cash grants will be a

key incentive for developing the solar energy sector, as

they will provide funding for 30 percent of the installa-

tion costs of solar facilities.

Germany Trade & Invest, the foreign trade and in-

ward investment agency of the Federal Republic of Ger-

many, reports that the temporary shutdown of all nu-

clear power plants after the accident at Fukushima, as

well as the energy conservation measures that were

taken as a result, have led the Japanese to rethink their

approach to power generation. For example, Japan now

plans to subsidize solar energy in line with the German

model by introducing a feed-in tariff of 40 ct/kWh. A to-

tal of 10 GW of installed PV output will be added to the

grid by 2014. Japan is also moving ahead with the cre-

ation of smart grids. The focus in this area includes effi-

cient energy management systems for buildings and the

integration of electric vehicles and batteries into intelli-

gent networks. 

China also launched its first feed-in tariff system for

solar power in July 2011 — and raised its PV expansion

target to 50 GW, to be installed by 2020. Wind power is

also a big issue in China, which had only 2.6 GW of in-

stalled wind output in 2006 but plans to increase that

figure to roughly 150 GW by 2020 — the equivalent of

the output of all the power plants operating in Germany

today. China is relying on smart grid solutions as well.

The first pilot projects are under way for smart metering

and electric vehicle charging stations. China’s twelfth

Five-Year Plan (2011–2015) also focuses on increasing

energy efficiency in all areas.

Sustainable energy systems don’t come cheap. A

survey conducted by a number of consumer protection

associations found that energy suppliers in Germany cut

off power to some 600,000 households every year due

to unpaid bills. “Approximately ten to 15 percent of the

population is struggling to pay for constantly rising en-

ergy costs,” says Klaus Müller, Director of the Central

Consumer Protection Association in the German state of

North Rhine-Westphalia. In a study conducted in 2012,

the Karlsruhe Institute of Technology predicted that

electricity prices in Germany could rise by 70 percent be-

tween now and 2035. The cost drivers of this increase

include the expansion and subsidization of renewable

energy, grid expansion, and the phasing out of nuclear

power. 

Experts at Roland Berger Strategy Consultants be-

lieve that electricity-intensive industries in particular

could be hit by price increases of nearly 70 percent in

the course of the next 20 years. The industries in this

category paid 6.8 ct/kWh in 2010; this figure will in-

crease to roughly 10.5 ct/kWh by 2030. Still, the Roland

Berger researchers also point out that efficiency-en-

hancing measures such as the optimization of manufac-

turing processes could lead to a 40 to 50 percent reduc-

tion of electricity costs in such industries in the course of

the next few decades (see Pictures of the Future, Spring

2012, p. 94). The danger posed by price increases to in-

dustry, especially to large companies, is limited in Ger-

many due to the EEG’s compensation rule, whereby

companies pay the full EEG surcharge only on the first

million kilowatt hours of electricity they consume. They

then pay just ten percent of the charge for every addi-

tional kilowatt hour, and this figure is reduced to only

one percent after 10 million kWh. According to Ger-

many’s Federal Network Agency, such companies will

account for 18 percent of total electricity demand in

2012, but they will only contribute 0.3 percent of the to-

tal surcharge. Sylvia Trage
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Sustainable energy systems require measures that

are as precisely aligned with one another as possi-

ble (see p.10). Such measures should include not only

technological solutions but also the creation of appro-

priate conditions by government policymakers. Ger-

many’s energy revolution will be the most ambitious

program in the energy sector over the next few decades.

Germany is not alone here, as other countries are also

trying to make their energy systems more sustainable. 

According to the Renewables 2012 Global Status Re-

port published by the REN21 international policy net-

work, renewable energy sources (including hydro

power) now account for 16.7 percent of global final en-

ergy use and 20.3 percent of worldwide electricity use.

The OECD and the International Energy Agency (IEA) es-

timate that global electricity production from renewable

sources plus hydro power will increase by nearly 60 per-

cent between 2011 and 2017, when it will reach almost

6,400 terawatt hours (TWh) per year — around ten

times the current electricity consumption figure for Ger-

many. 

Siemens believes the share of renewables plus hydro

power in the electricity mix will rise to 28 percent by

The Energy Puzzle | Facts and Forecasts

Renewable Energy Sources: Broad Global             Growth

2030, with coal and gas power plants still accounting

for 58 percent of the electricity generated in that year.

Global power plant capacity is likely to increase by more

than 7,000 gigawatts (GW) between 2012 and 2030,

whereby 1,084 GW will come from wind parks alone

and 642 GW from photovoltaic facilities. One out of

every four newly installed gigawatts of electrical output

— or a total of 1,683 GW between now and 2030 — will

be produced in China, followed by the EU (983 GW), the

U.S. (847 GW), and India (763 GW). 

Solar energy is the most heavily funded renewable.

According to IMS Research, 23 countries will add at least

100 megawatts (MW) of photovoltaic (PV) power each

in 2012. Germany will remain the world’s biggest PV

market, followed by China and Italy. Bavaria is the

biggest PV market within Germany. The E.ON power

company estimates that the total output of PV facilities

connected to its grid in Bavaria is more than 4.3 GW.

That’s nearly 20 percent of the total installed PV output

in Germany, and also much more than the 3 GW of in-

stalled output in the entire U.S. 

Germany’s Renewable Energy Act (EEG), which went

into effect in April 2000, has played a key role in the

country’s renewable energy boom. The law has since

been copied by 50 countries, according to the Fraun-

hofer Institute for Wind Energy and Energy System Tech-

nology. The EEG requires grid operators to purchase

electricity from renewable sources at a set price from

those who produce it. The German Renewable Energies

Agency says countries that use a feed-in tariff system

(e.g. Germany, Spain, France, and Portugal) pay much

less then ten euro cents per kilowatt hour (ct/kWh) for

onshore wind power. 

Other nations have quotas for the share of national

energy consumption that must be accounted for by re-

newables. In this setup, energy suppliers must purchase

electricity produced from renewable resources until the

quota has been met. This is being done in the UK,

Poland, Belgium, and Italy, for example. With prices of

11 to nearly 15 ct/kWh, onshore wind power in these

countries is much more expensive than in nations that

use a feed-in tariff system. Experts say the EEG urgently

needs to be reworked, however. For one thing, more

than 50 percent of EEG subsidies go to PV facilities, but

these only supply three percent of total electricity. The

RWI institute for economic research reports that the ac-

Source: Siemens
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Siemens’ Wind Power division
used to be a very Danish 
operation. But these days its
activities span the entire
globe. Its international 
expertise is taking Siemens a
major step forward toward its
goal of making wind energy
cheaper than conventional
fossil-fuel energy sources.

Bigger Blades in the Wind
The Energy Puzzle | Renewable Energy

Back in the 1990s, engineers came up with
the daring concept of building a rotor

blade that would react elastically in order to
shed some of the unwanted loads resulting
from atmospheric turbulence or the extreme
wind conditions associated with storms. The
resulting stress reduction would extend the
blades’ service life, make larger rotor diameters
possible — and thus boost energy production.

For some time, however, specialists weren’t
able to create accurate models of the intricate
interactions between aerodynamics and struc-
tural deformations. But then three years ago, a
30-member team at the Siemens R&D Center
in Boulder, Colorado, took on the challenge of
developing such a rotor blade. Support for
their endeavor came in the form of innovative
simulation software and the combined expert-
ise of the specialists at the research center,
which was established in 2008. “This type of
innovative rotor technology and design was
completely new to Siemens,” says Andy Pal-
iszewski, director of the Siemens R&D center in
Boulder. “It promised to reduce the cost of en-
ergy produced by wind.” The goal of the ex-
perts was clear: to exploit innovations that will

make wind power cheaper than electricity pro-
duced with fossil fuels. 

The team in Boulder therefore went right to
work in what was a huge creative effort.
Thanks to the commitment of all the members
of the team and collaboration with colleagues
in Denmark, it proved possible to complete the
design of a 53-meter-long rotor blade — the
Aerolastic Tailored Blade (ATB) — in just a few
months. The blade, which is curved like an Ara-
bian scimitar, twists as it deforms under the

22 Pictures of the Future | Fall 2012

of Brande and Aalborg, but a lot has changed
over the last couple of years. The Wind Power
division’s headquarters has been moved to
Hamburg, Germany, for example, and new
technology core expertise centers have
opened around the world. Whereas Boulder fo-
cuses mainly on rotor technology, the divi-
sion’s facility in Keele in the UK specializes in
power generation, while the center in Aachen,
Germany, focuses on electrical technology,
electronics, and gearboxes.

For a long time now, Aalborg has not been
the only production location for new rotor
blades. In order to be able to serve the world’s
two biggest wind power markets onsite,
Siemens now manufactures rotor blades in
Fort Madison, Iowa, and Shanghai, China. The
decision to open an R&D Center in Boulder in
2008 was not based solely on the desire to es-
tablish a broader presence on the U.S. market.
“There were many reasons for choosing Boul-
der,” says the Wind Power division’s Chief Tech-
nology Officer, Henrik Stiesdal, who works out
of Brande. “The U.S. is home to a large number
of engineers and scientists with outstanding
qualifications in technical fields. Although

of which work closely with Siemens. Last but
not least, the U.S. government offers subsidies
for research into renewable energy sources. All
told, the Boulder team’s mission was clear
from the beginning: to optimize the rotors. De-
velopment of ATB technology was one of its
first major projects, and although it was coor-
dinated with staff in Denmark, the Boulder
team mainly ran the show. 

“When operating research centers in differ-
ent time zones — the difference between
Boulder and Brande is eight hours — you have
to figure out a way to overcome this disadvan-
tage,” says Stiesdal. “One of the key solutions is
to have the development team, in this case the
people in Boulder, have ownership of specific
technologies. This approach has also worked
very well at our other international centers of
expertise.”

Cooperation across Time Zones. The team
led by Kevin Standish, a rotor technology engi-
neering manager from the Siemens R&D office
in Boulder, has impressively demonstrated that
the trust placed in them was well deserved.
The largest challenge has been communica-

dynamics, software, and materials science.
Last but not least, the new ATB technology had
to develop from the concept stage to a proto-
type blade in Aalborg within a few months
without compromising quality. But the
Siemens-experts succeeded — not least thanks
to close collaboration across department bor-
ders and a combination of existing technolo-
gies, such as proprietary Integral Blade single-
shot infusion technology. To achieve their goal
they also incorporated a number of new mate-
rials and manufacturing techniques. “The team
has only just begun to explore ATB technol-
ogy,” says Standish. “Its full potential will play a
significant role in helping to further reduce the
cost of energy produced by wind.”

The height of wind turbines continues to in-
crease — giant white towers with rotor diame-
ters well over 100 meters are no longer a rar-
ity. Moreover, the first Siemens blade design to
incorporate some elements of ATB technology
resulted in the “B75” — the world’s longest —
for its flagship 6 MW direct-drive wind turbine
(photo p. 22). “Without the early advances in
design tools and processes resulting from ATB
technology exploration, the design of the B75

Thailand’s Growing Power

It’s the largest road freight delivery in the

history of Thailand. It will take until spring

2013 and involve around 1,100 trips to transport

a total of 90 dismantled Siemens wind energy

systems from the port city of Laem Chabang to a

new wind farm in the province of Nakhon Ratchasima in the northeast of the country. The trucks, with their

cargo of 60-meter-long rotor blades, face a 400 kilometer trip over roads that have had to be specially im-

proved and adapted in many places. The project is part of Thailand’s effort to obtain a fifth of its energy re-

quirement from renewable sources by 2022. For Siemens, these 2.3 MW turbines represent the first large

wind power contract in the kingdom. The wind farm is scheduled for completion in 2013. Once installed,

the turbines, with their 101-meter-diameter rotors, will cover 1.5 percent of the country’s electricity de-

mand. Siemens China and Siemens Thailand negotiated and planned the project and handled its imple-

mentation. To strengthen is presence in the region, Siemens built rotor-blade and machine-housing plants

near Shanghai, which also supplied the new wind farm in Thailand.

force of the wind. It thus reduces stress loads
on the rotor, the nacelle, the tower, and the
foundation. Furthermore, the ATB design
makes it possible to build longer rotor blades
and thus increase energy output.

In the past, it was possible to fit wind en-
ergy facilities in the 2.3-megawatt (MW) out-
put range with blades up to 49 meters in
length. But with the introduction of the ATB
design, these facilities can now be equipped
with new blades that are four meters longer.

And that means roughly eight percent more
energy. The first prototypes began operating
this year under diverse weather conditions at
wind farms in the American Midwest. It’s
therefore no surprise that U.S. energy compa-
nies are very interested in the new technology.

Siemens Wind Power is a very international
organization today. But it wasn’t always that
way. Just a few years ago it was very much a
Danish operation. Many research and develop-
ment employees still work in the Danish cities

some of them are themselves from different
countries around the world, it’s difficult to con-
vince them to come to Europe — not to men-
tion Brande, which has only a few thousand
residents. Boulder, however, is an attractive lo-
cation for such young talents.”

The city of Boulder also happens to be a
center for wind power technology. In fact, it’s
home to institutes like the National Renewable
Energy Laboratory (NREL) and the National
Center for Atmospheric Research (NCAR), both

tion with headquarters in Denmark. Many of
the experts from Denmark traveled to Boulder
for longer stays. What’s more, the engineers in
Boulder frequently came in to work earlier and
their colleagues in Denmark stayed later in the
office. In this way, at least two hours a day
were available for phone calls or videoconfer-
encing to discuss pressing issues.

Other challenges the team faced included
the creation of new design tools and finding
new ways to integrate areas as varied as aero-

would never have been possible,” Standish re-
ports.

The first B75 blades were mounted on a tur-
bine off the coast of Denmark in August 2012
— but this achievement by no means marks the
end of the development process. “Sometime in
the future we will probably see a 10 MW tur-
bine with 100-meter rotor blades,” says Sties-
dal. “Without a doubt, ATB technology from
Boulder has played a key role in getting us to
this point.” Hubertus Breuer

A380

79.8 meters

154 meters

Siemens’ new 75-meter B75 rotor blade is 

the world’s longest. Made of fiberglass, the

blade weighs 25 tons and is designed for 

installation on a 6-megawatt wind turbine.
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The creation of a sustainable energy system requires the expansion of long-distance power transmis-
sion networks. The problem is that transporting high voltages over long distances with conventional
alternating current causes prohibitively high losses. What’s more, new lines often meet with consider-
able public resistance. Pictures of the Future examines some surprisingly efficient alternatives. 

Electricity Superhighways
The Energy Puzzle | Power Transmission

The high voltage direct current (HVDC) connection

that links Majorca with the Spanish mainland 

supplies clean electricity to the island. The HVDC

station pictured here converts the transmitted 

direct current back into alternating current.

Renewable energy sources should be used
wherever they are abundantly available —

from wind power on the high seas to solar en-
ergy in sunny regions. Germany, for instance,
plans to build wind farms with up to 30 gi-
gawatts of capacity in the northern part of the
country between now and 2020. But most of
its energy consumption is in the south. So the
real question for Germany is how to get its re-
newably-generated electricity from the north
to the south. Existing power lines can’t do the
job; already, clean electricity from the north of-
ten has to be redirected through Germany’s
eastern and western neighbors in order to get
to the south. A huge expansion of the grid
therefore appears to be unavoidable. In re-
sponse to this challenge, Germany’s federal
government and the country’s four power

cated 1,400 kilometers away (see Pictures of
the Future, Fall 2009, p. 24). Other reference
projects in New Zealand, New York City, and
Spain also highlight the advantages the tech-
nology offers. The island of Majorca, for exam-
ple, now receives electricity from renewable
sources on the Spanish mainland via an HVDC
connection. The system is designed to provide
extra capacity during peak loads during the va-
cation season and spare the island the burden
associated with construction of new power
stations. Siemens, one of the leading suppliers
of HVDC systems, currently has a world market
share of around 40 percent. 

Transmitting More Power. An HVDC connec-
tion is similar to a pipeline that links two loca-
tions. At one end, a converter station trans-
forms alternating current into direct current at
a very high voltage — for example, 400,000
or 800,000 volts. A second converter at the
receiving point then transforms the DC into
AC current that can be supplied to consumers.
“The converters are very expensive, but the
lower transmission costs begin making up
for that after a distance of 600 kilometers,”
Westermann explains. 

Another benefit offered by HVDC is that it
can transport two to three times more power
than an AC transmission line with the same
route width. Existing lines can also be con-
verted into high-capacity electricity superhigh-
ways. The idea becomes exciting when one
considers that virtually all the conducting ca-
bles in Germany are supported by masts with
two cross-arms. These run an independent
three-phase alternating current connection on
each side (left and right), which makes the sys-
tem redundant. “That’s why, instead of build-
ing completely new lines, we’re thinking of
equipping existing masts with a common line,
with one connection each for AC and DC cur-
rent,” says Dorn. In addition to this upgrade, all
that would be needed would be to add HVDC
converters at the beginning and end of each
line. Such a solution would also meet with
greater public acceptance because, rather than
building new masts, we would only need to
upgrade existing ones,” says Dorn. “These
modifications could be carried out much faster
than it would take to build a new transmission
route. However, there are major technical chal-
lenges involved; these have to be studied and
potential solutions have to be tested.”
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transmission companies presented a grid de-
velopment plan in May 2012. The plan calls for
the construction of 3,800 kilometers of new
transmission lines over the next ten years. Af-
ter it’s completed, this colossal project could
serve as a model for sustainable energy supply
systems in other countries, especially if, as is
the case in Germany, a large share of renew-
able energy sources is situated far from major
energy consumption centers. 

Can the German grid be expanded as
quickly as planners would like? “Losses over
just a few hundred kilometers would be too
high with the alternating current technology
that’s generally been used to date,” says Pro-
fessor Dirk Westermann, Director of the Electri-
cal Energy Supply Department at Ilmenau Uni-
versity of Technology (east of Frankfurt,

Germany) and a member of the Advisory
Council for the “Future-Oriented Grids” plat-
form at Germany’s Ministry of Economics and
Technology. “The most efficient approach
would be to expand the system using high-
voltage direct current (HVDC) transmission
technology,” he says. HVDC makes it possible
to transport electricity over a distance of more
than a thousand kilometers with low losses.
“Direct current lines reduce transmission losses
by 30 to 50 percent as compared to alternating
current lines,” says Jörg Dorn, Director of HVDC
Systems Development at Siemens Energy.

Siemens has been demonstrating the effec-
tiveness of the technology since 2010 in
China, where an HVDC connection now sup-
plies megacities in Guangdong province with
clean electricity from a hydroelectric plant lo-

and the network will soon reach a point where
it can no longer function as a long-range syn-
chronous grid. That’s because the alternating
current networks in these regions are not di-
rectly compatible with the inner-European grid
in a technical sense. HVDC converter stations
could offer a solution here, because HVDC
transmission systems make it possible to link
different AC grids over long distances. In addi-
tion, the converter stations act as a firewall by
blocking the cascade-like expansion of system
disruptions — thereby reducing the chances of
blackouts. HVDC can also help to end blackouts
quickly. As Dorn explains, “We’ve refined HVDC
technology to enable it to rapidly get a failed
grid back on line.”

In the future, it will even be possible to add
a spur to an HVDC link, which would allow
metropolitan areas located at the periphery of
a planned line, such as Germany’s Ruhr district,
to benefit from the technology as well. Such
“multi-terminal” HVDC systems will also be
needed if a European Super Grid is to be built
in the future.

Involving the Public. Once technical chal-
lenges have been addressed, nothing more

Amprion, a grid operating company, would
like to complete a roughly 430-kilometer paral-
lel AC/DC connection from Germany’s
Rhineland region to the state of Baden-Würt-
temberg before 2019; only 10 percent of the
route would require new construction. Parallel
transmission of AC and DC has not been suffi-
ciently tested in practice, but research in this
area has produced promising results. Siemens
is working closely with various colleges and
universities in order to determine whether and
how the AC and DC systems might affect one
another, for example.

HVDC lines could also improve networking
between different energy systems in Europe.
The coming expansion of the European power
grid is focused on the east and south — all the
way to Russia, the Middle East, and Africa —

will stand in the way of grid expansion. Still,
technical feasibility isn’t everything, since the
expansion of the energy system will also re-
quire widespread public support for the con-
struction of new overhead lines (p. 29). Suc-
cess here will hinge on providing accurate
information, getting the public involved in the
planning process as early as possible, simplify-
ing approval procedures, and ensuring a high
level of transparency. 

It’s also important to remember that some
locations are not suitable for high-voltage
masts — for example, major cities and the ar-
eas surrounding airports. In such areas, gas-in-
sulated transmission lines (GILs) can provide a
practical alternative. GILs are equipped with a
mixture of nitrogen and sulfur hexafluoride
(SF6) as insulators, rather than the paper or
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energy economy. What’s taking shape is the
first of three offshore converter platforms that
Siemens is building in the coastal cities of Wis-
mar and Warnemünde. The platforms will
make high-voltage direct-current transmission
(HVDCT) possible. Specifically, they will con-
centrate the alternating current produced by
North Sea wind farms and convert it into direct
current, which will be transmitted through
submarine cables to the coast. 

The platforms are being built because off-
shore wind power plays a key role in Germany’s
efforts to bring about what the country calls
an “energy transition.” As it strives to increase
wind energy’s share of the total electricity mix
to 15 percent by 2025, Germany plans to in-
crease the electrical output of offshore facili-
ties to around 10 gigawatts (GW) by 2020 and
25 GW by 2030. By comparison, Germany cur-
rently has only two wind farms in operation
(alpha ventus and EnBW Baltic 1), with a com-

bined output of 200 megawatts (MW) or 0.2
GW. Offshore wind facilities have obvious ad-
vantages. For example, a 6 MW wind turbine
typically generates 23 gigawatt-hours (GWh)
of electricity per year when located on land in
coastal regions, but 31 GWh if it is used at sea.
Thanks to the stronger winds at sea, offshore
facilities can operate flat out for more than
4,000 hours, compared to 2,000 hours at peak
capacity on land. In other words, much more
powerful turbines can be used offshore, and
they operate at full capacity almost half of the
day. By contrast, high-performance 6 MW tur-
bines generate much less electricity on land,
where they generally operate only six hours
per day at full load.

Long Distance Efficiency. Until now, off-
shore wind farms located near the coast have
been connected to the grid using conventional
alternating current transmission systems. After

all, this approach is not only technically feasi-
ble but also more economical for distances un-
der 80 kilometers. Over longer distances, how-
ever, alternating current lines act like
capacitors that charge and discharge 50 times
per second. Energy is lost due to reactive
power losses at the submarine cable’s insula-
tion layer. HVDCT technology, on the other
hand, does not suffer from such losses, and
can thus outperform AC systems at distances
over 60 kilometers. At voltages of 250 to 320
kilovolts, large amounts of direct current can
be transmitted over hundreds of kilometers
with almost no losses. “Because offshore proj-
ects located far from coasts need HVDCT, this
technology is a key element of the energy tran-
sition,” says Tim Dawidowsky, CEO of Power
Transmission Solutions, which is part of
Siemens’ Energy Sector. 

At the heart of the new platform is HVDC
Plus — a space-saving version of Siemens’

The Energy Puzzle | Wind-to-Grid Connections

Siemens is building converter platforms 

that are as tall as a ten-story building. 

The platforms will convert wind farms’ 

alternating current into direct current.

I t’s incredibly stuffy in the dim interior. In
fact, without a guide, you could easily get

lost in the huge structure — a converter plat-
form that is being built at the Nordic Yards
shipyard in Wismar, Germany, on the coast of
the Baltic Sea. A tour of the facility is like a visit
to the Egyptian pyramids. Indeed, the build-
ing’s dimensions are comparable to those of
the pharaonic tombs. Thirty-five meters high,
70 meters long, and 50 meters wide, the struc-
ture weighs up to 15,000 metric tons. To put it
another way, the facility is as tall as a ten-story
building and weighs as much as 25 fully fueled
and fully loaded Airbus A380 jets. 

Workers are visible between the scaffolding
in the interior. They wear white uniforms as
well and protective goggles. They are welding
components and installing sophisticated tech-
nology, bringing electrical engineering to-
gether with the maritime world to assemble
the foundations of a transition to a renewable
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plastic-based materials used in underground
cables. The conductor is a tube around 18 cen-
timeters thick surrounded by a protective sec-
ond tube with a thickness of 50 centimeters.
Transporting high voltages is not a problem
here — all you have to do is to increase the di-
ameter of the tubes as needed. A direct ground
line today can move around 3,200 amperes,
while an airborne line can transmit up to 5,000
amperes — at 550,000 volts. 

A further advantage of GILs is that virtually
no electric or magnetic fields can be detected
in their immediate vicinity, which means that
they do not disrupt telecommunication net-
works or air traffic control systems. GIL tech-
nology also complies with even the most strin-
gent European guidelines, which explains why

Gas-insulated transmission lines can carry high voltages in environments where masts are impractical.

Preparing for a Borderless European Electricity Grid

In the future, European borders will be eliminated not only for people, goods, and financial transactions, but

also for electricity. An expanded European electricity grid will go beyond the existing ENTSO-E (European Net-

work of Transmission System Operators for Electricity) system, and possibly extend all the way to Iceland, Russia,

the Middle East, and Africa. In order to explore associated possibilities, the European Commission launched the

“e-Highway 2050” study in mid-2012. “Up until now, grid planning was carried out by individual countries — but

what we need now is a European-wide concept,” says Dr. Andreas Luxa, who represents Siemens in the ongoing

discussions. “The Commission’s study will define the technical framework here and propose appropriate policies

for Europe. We still don’t have any binding rules regarding which technologies should be employed to put elec-

tricity into the grid and how they might be used.” Luxa is referring here to the netcodes that regulate traffic on

electricity highways and ensure a smooth exchange of energy. The codes provide precise information on how

quickly a grid operator needs to react to the failure of a transmission segment or an entire power plant. Grid op-

erators in Europe formulate the rules for energy exchange through the ENTSO-E grid operator association. This

energy exchange is enormous. In 2006, for example, 25.7 billion kilowatt-hours of electricity (TWh) were ex-

changed across national borders within the western European grid system; the total energy exchange amounted

to 30.2 TWh. The grid, which is operated by companies in the ENTSO-E association, stretches from the North

Cape to Sicily and from the mouth of the Tagus River to the Danube River delta.

there have never been any problems regarding
people standing or walking above GIL tunnels.
Thus it’s clear that underground lines now of-
fer a good alternative to masts — although
they’re still approximately four times more ex-
pensive than their free-standing counterparts.
That’s why they will mainly be used when high
voltages need to be transmitted in places
where space is limited or where local environ-
mental regulations must be adhered to. 

Experts are now thinking about linking
electricity and data lines in order to reduce the
high costs that grid operators will incur as a re-
sult of network expansion. The idea here
would be to bury both types of grids side by
side in accessible tunnels next to highways,
canals, and rail lines. Bernd Schöne

Giants of the North Sea
In order to connect offshore wind farms to the power grid, Siemens is building huge converter 
platforms that will make high-voltage direct-current transmission possible. The result: 
Lower transmission losses and increased incentive to develop wind parks on the high seas. 
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Siemens is using an old airfield north of Berlin to test hybrid-electric trucks equipped with 
pantographs like the ones on streetcars. The trucks could be used between logistics centers and
mines or ports. Heavily-traveled truck routes in urban areas are another possibility. Either way, the
technology could help to decouple rising freight traffic volume from carbon dioxide emissions.

Ready to Roll
The Energy Puzzle | Electric Trucks

Siemens researchers are examining methods 

for the future electrification of road freight 

at a 1.5-kilometer test track at a former Soviet

airforce base north of Berlin. 

Every day, Jörg Grützner is a witness to the
ironies of history. A former long-haul

trucker, Grützner climbs into the cab of an 18-
ton truck and looks out on a runway that cuts
right through the pine forest in the Uckermark
region of Germany, some 80 kilometers north
of Berlin. The irony is that Soviet bombers used
to take off from this very spot until around 20
years ago. 

But the Russians have gone home and the
new civilian tenants of the giant military air-
field have put the facility to an entirely differ-
ent use, transforming it into safety proving
grounds and adding a racetrack. What’s more,
Europe’s biggest photovoltaic park is now be-
ing built where ammunition depots once

stood, and the former military security zone
around the airfield has been transformed into
the Schorfheide biosphere reserve. “The Rus-
sians never let us get close to this place be-
fore,” Grützner, 55, says with a obvious satis-
faction. “But today I’m cruising around on their
runway.” 

Grützner has been driving trucks for over
three decades. But for the past year he’s been
working exclusively at the former airfield as a
test driver in ENUBA (Electric Mobility for
Heavy-Duty Commercial Vehicles as a Means of
Reducing Environmental Pollution in Major
Metropolitan Areas), a pilot project that is be-
ing jointly conducted by Siemens and Ger-
many’s Environment Ministry. 

Since the project’s inception in July 2010
Siemens engineers have been examining
methods for the electrification of road freight
traffic. To this end, they have crossed a street-
car with a truck in order to combine the best of
both worlds — an electric drive system and the
flexibility of a road vehicle. 

Tests are being carried out with two stan-
dard trucks fitted with standard hybrid drive
systems. In this setup, only the electric motor
is used to drive the axles. The motor obtains its
electricity either from a generator powered by
a diesel engine or from an overhead power
line, as a streetcar does. Such a line now
stretches above the former runway, which
Siemens researchers have converted into an
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been a shipbuilder and marine engineer for
more than 20 years and now supervises the
platforms’ construction. “You could call it a pio-
neering achievement. After all, we’re basically
building a ship without a rudder or a main en-
gine.”

Not only do the huge platforms weigh five
times as much as their predecessors; they can
also be located five times further from the
coast. In addition, the platforms can be erected
in water that is twice as deep (40 meters) and
they can generate twice as much output (730
MW) on average. 

One of the new platforms will be installed
more than 100 nautical miles from Heligoland.
Out here the weather is extremely rough, the
water is deep, the air is salty, and the waves
are high. But the ability to meet these chal-
lenges pays off, given that wind speeds are
much higher on the open seas, resulting in
higher wind farm output. 

meters northwest of the island of Borkum and
will one day generate up to 800 MW of power.
The BorWin beta platform transforms the alter-
nating current supplied by wind turbines from
155 kilovolts to 300 kilovolts before converting
it to the same voltage of direct current. The
platform houses all of the equipment for the
HVDCT converter: the converter itself as well as
two transformers, four compensating reactors
for the alternating current cables and gas-insu-
lated high voltage switchgear technology. 

HelWin alpha and HelWin beta will be used
in a similar manner 35 kilometers north of He-
ligoland, where they will handle capacities of
576 MW and 690 MW, respectively. HelWin
beta will serve as a smaller sub-platform,
which means it will only have a few emer-
gency shelters instead of comfortable crew
quarters like the ones on HelWin alpha. “Stay-
ing there would be a bit adventurous, as the
platform has no running water and is merely

many is concerned. In fact, the UK’s plans for
offshore power generation are even more am-
bitious. The country wants to increase offshore
wind energy’s share of its total electricity mix
to 25 percent by 2020. In a three-stage
process, the UK plans to increase its offshore
wind power capacity to 48.6 GW. “England is
planning so many platforms and wind farms at
the moment that in a few years we’ll be able to
walk there!” quips Suhr.

“We are moving in the right direction and
are determined to implement and complete
the projects needed to create a truly sustain-
able energy supply,” says Schmitt in recogni-
tion of the pioneering work being performed
in the North Sea. The first platforms are sched-
uled to begin feeding electricity into the grid in
2014. The “pyramids” of the North Sea can
then be expected to make a big contribution to
generating zero-carbon electricity for the fu-
ture. Maximilian Heinrich

high-voltage direct-current converter. At sea,
the system, which Siemens refers to as a Wind
Power Offshore Switchgear (WIPOS), can con-
vert up to 1 GW of electricity into direct cur-
rent. The system is installed on a floating plat-
form that can be pulled to its destination by
tug boats. The substructure is placed on the
seafloor, generally 20 to 40 meters below the
surface. The entire structure is anchored by
steel piles driven 40 to 60 meters into the
seafloor. Later, the substructure lies below the
surface of the water, and the platform’s sup-
ports are set on top of it and fixed in place.

Soccer Fields in the Sky. “Once installed, the
platforms look like soccer fields suspended a
good 20 meters in the air, which is enough
height to protect them against the sort of very
large waves that occur only about every 100
years,” says Christian Schmitt, who has overall
responsibility for the platform construction
project, which he manages from his office in
Hamburg. “The helicopter pad at the very top
is about 60 meters above sea level,” adds
Schmitt’s colleague Michael Suhr, who has

Siemens is currently working on four
HVDCT platforms: BorWin beta, HelWin alpha,
HelWin beta, and SylWin alpha. The platforms’
names are derived from the names of Borkum,
Heligoland, and Sylt — the nearby North Sea
islands. SylWin alpha will transmit 864 MW
and connect the DanTysk wind farm to the grid
from a site 70 kilometers west of Sylt. That’s
enough power to cover the needs of 1.5 mil-
lion German households. “It’s comparable to
the output of a large power plant,” says Suhr. 

The 160 kilometer-long line connecting Syl-
Win alpha to the grid will be the world’s
longest submarine cable for an offshore net-
work connection. A further 45 kilometers of
cable will transmit the electricity overland to a
connection point in Büttel, where the direct
current will be converted back into alternating
current for the German power grid. Siemens is
building the platforms in cooperation with
Nordic Yards; it was commissioned to establish
the network connection by the Dutch-German
company TenneTTSO.

Offshore wind farms known as Veja Mate
and Global Tech 1 are located about 125 kilo-

equipped with a chemical toilet,” says Suhr
with a grin. The platforms are generally un-
manned and can be remotely monitored by the
grid operator. The crew quarters are occupied
only when the platforms are being installed or
undergoing maintenance.

Forests of Offshore Platforms for the UK.
The offshore switchgear project is an example
of the fact that pioneering achievements are
rarely accomplished without a hitch. Aside
from technical obstacles, the new facilities had
to be certified by the customer. 

In addition, the approval processes have
been more time-consuming than expected.
These processes are very protracted for two
reasons. Not only do many components have
to be approved separately; the standards aren’t
actually defined until participating organiza-
tions begin processing the order. Due to these
hurdles, the first platform will be delivered
over a year later than planned. Costs will in-
crease considerably as a result.

However, the sector has substantial busi-
ness potential — and not just as far as Ger-

Tug boats pull a giant, floating switchgear structure to its destination. Such systems can convert up to 1 GW of electricity into highly efficient direct current.
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emissions, which are expected to climb from
approximately 40 million tons today to 100
million tons in 2050 — unless major techno-
logical changes are implemented. Without
such changes, the EU Commission target of an
80 percent decrease in CO2 emissions by 2050
(as compared to 1990 levels) will become
nothing more than a pipe dream. 

The “tram-trucks” from Siemens could
prove to be a promising option, according to
the German Advisory Council on the Environ-
ment. The Council believes the technology
could help decouple rising freight transport
volume from greenhouse gas emissions. In its
latest report, the Council recommended that
all German highways with single-digit number
designations be equipped with overhead
power lines, which would amount to a total of
5,400 kilometers of electrified highways. 

A Mixture of Solutions. Today’s solutions,
which call for building new rail lines, increas-
ing drive system efficiency, and optimizing lo-
gistics systems, aren’t enough to meet Ger-
many’s ambitious carbon dioxide reduction
targets. An expansion of the rail network, for
example, would mean that rail lines would not
only have to absorb the projected increase in
truck traffic but also existing highway freight
traffic. This would require a fourfold increase
in rail network capacity. What’s more, the addi-
tional tracks would take up space that’s not
available in the densely populated areas where
goods are ultimately consumed. According to a
study conducted by Progtrans, the BMU, and
the German Ministry of Transport, such meas-
ures would reduce annual CO2 emissions to
only about 60 million tons by 2050. But the
EU’s goal is to limit emissions to approximately
ten million tons — a target that can be
achieved only by electrifying road freight
transport (see chart). Meeting that target,
however, requires that the lion’s share of the
power for electric trucks must be produced
from renewable energy sources, which is still a
long way off. 

All told, implementing the new technology
will take a lot of money. The German Advisory
Council on the Environment estimates infra-
structure costs at €1.1 million to €2.5 million
per kilometer (including guard rails and over-
head power lines). However, Siemens experts
aren’t thinking about electrifying entire high-
ways. “We’re initially examining well-traveled
routes over short and medium distances,” says
Lehmann. “These include back-and-forth truck
routes that have no rail connections — like
routes between logistics centers and ports, or
from mines to central storage facilities and
transshipment centers.” The “tram-trucks”
could also play a major role in cities like Los An-
geles, where the city government is looking for
a zero-emission solution for Highway 710. This
chronically congested 30-kilometer road runs
right through the middle of Los Angeles, link-
ing the city’s port with its main logistics center.
It is estimated that Highway 710 sees some
35,000 truck trips every day. 

Pollutant emissions have reached such high
levels that the air quality authority in LA has
considered temporarily closing the road at cer-
tain times. Rail system capacity is also
stretched to the limit — there’s simply no room

left in this crowded metropolitan area.
Siemens experts therefore believe this is an
ideal place to put ENUBA technology to work;
they want to submit a tender to Los Angeles
that would offer their electric trucks as a solu-
tion. To this end, the ENUBA team will set up
an initial test system in LA in the near future. 

Experts are also thinking of using the elec-
tric trucks in Sweden to shuttle cargo from an
iron ore mine near the city of Kaunisvaara to a
rail station 162 kilometers away. A rail connec-
tion wouldn’t make sense here because the
mining operation is only temporary.

Meanwhile, work continues in the Ucker-
mark region. Scientists there plan to upgrade
the test track by installing curves, overhead
road signs, and electronic traffic control sys-
tems. The technology will then be optimized
and tested under normal road conditions.
Grützner, for his part, would also like to drive
his electric truck outside the confines of the
former airfield — and enjoy the quiet sound of
the electric drive system for a few hundred
kilometers. Doing so might be dangerous,
however, as Grützner points out: “That smooth
humming sound tends to put you to sleep after
a while.” Florian Martini

Electric Trucks Promise to Trim CO2 Emissions
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leagues have already clocked up nearly 9,000
kilometers with the new trucks — without any
problems. 

“Now I’m going to switch her over to elec-
tric power,” Grützner announces as he moves
his truck onto the section of the track outfitted
with overhead lines. He taps a small device
mounted on the dashboard that is used for op-
erating the pantograph manually, although
the system normally functions automatically.
The pantograph rises almost unnoticeably and
the diesel rumble disappears. At this point, the
truck sounds like a swarm of bees as it rolls
down the runway. Grützner hits the blinker
and switches lanes; right after that, the panto-
graph retracts and the diesel engine goes back
into action.

Germany’s Environment Ministry (BMU)
would like to see such trucks on normal high-
ways in the future — in the far right lane with
an overhead line. This wouldn’t be difficult to
do, technically speaking, says Lehmann: “Inte-
grating the system into the existing road net-
work would be relatively easy, and its installa-
tion wouldn’t restrict other vehicles in any
way.” More than anything else, the technology
could help get the rising CO2 emissions caused
by road freight transport under control. Prog-
trans, a Swiss transport consulting firm, pre-
dicts, for example, that the volume of trucks
on highways will continue to increase in the
future. The company reports that freight trans-
port (as expressed in ton-kilometers) in Ger-
many alone will increase by 116 percent by
2050 as compared to 2005 levels. According to
Germany’s Ministry of Transport, nearly 3.4 bil-
lion tons of goods were shipped on the coun-
try’s roads in 2011 — roughly eight percent
more than in the previous year. 

The expected increase in transport volume
will be accompanied by a rise in annual CO2
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electrified test track. The 1.5-kilometer route
has two parallel catenary wires on the right
shoulder. These are held in place by poles
placed at 65-meter intervals. Engineers
equipped the trucks with a new type of panto-
graph that docks automatically to the wires
and is able to counteract the movements of
the vehicles within the dedicated lane. 

When a driver hits the brakes, the energy
thus released is sent back into the overhead
line as electricity that can be used by other ve-
hicles in the system. “Unlike their counterparts
in trains and trolleybuses, our pantographs are
truly intelligent,” says Dr. Michael Lehmann,
the Technical Project Manager for ENUBA at
Siemens’ Infrastructure & Cities Sector. “Thanks
to sophisticated sensor technology, the system
always knows exactly when a truck leaves the
electrified lane.” If that happens, the panto-

graph automatically retracts — and can do so
reliably at speeds up to 90 kilometers per hour.
If the truck goes any faster, the motor auto-
matically shuts down.

Drive System Interplay. Grützner hits the
“gas.” As soon as he does, the electric motor re-
leases its 4,500 Newton meters of torque and
the colossus with a payload capacity of 40 tons
begins to glide effortlessly down the track. The
only sound it makes is the steady rumbling of
the diesel engine that runs at an optimal rota-
tion speed and produces electricity for the
electric drive. “The additional 500 kilograms
for the hybrid drive hardly make a difference
here,” says Grützner. “This truck actually accel-
erates better than a pure diesel vehicle, and it
also drives just like a normal truck.” Grützner is
quite relaxed behind the wheel. He and his col-

A Step Forward and a Look Back 

The ENUBA project in Germany’s Uckermark region is taking Siemens scientists a step back into the future.

It was nearly 130 years ago (and just an hour’s drive away) that engineers began testing the grandfather of

the ENUBA electric truck. On April 29, 1882, Werner von Siemens officially opened the world’s first testing

facility for an electrically powered trolleybus in the Halensee district of Berlin — just one year after the first

electric streetcar entered service. The “Elektromote” (top left), as this first coach-like electric bus was called,

itself had a history dating back even further, as von Siemens was already dreaming of an electric drive sys-

tem as early as 1847. “If I ever have the money and the time,” he wrote, “I would like to build an electric

cab.” 

The first electric cars appeared at the beginning of the 20th century. In 1905, for example, the “Elektrische

Viktoria” from Siemens began operating in Berlin as a hotel taxi. The rise of the trolleybus also began at this

time. This new development was particularly useful for short-distance trips in suburbs and rural areas. Sever-

al inventors and companies came up with their own trolleybus concepts. One of them was an ex-Siemens

employee named Max Schiemann, who got most of the electrical components for his trolleybus lines from

his former employer. By 1913, Germany had a trolleybus route with a total length of 54 kilometers. Today

such buses can be found in more than 300 cities worldwide. 

The “tram-trucks” Siemens researchers are now working on are close relatives of the trolleybus. One big dif-

ference, though, is that the trucks are equipped with an “intelligent” pantograph that automatically compen-

sates for vehicle movements. Engineers can already imagine doing away with the trucks’ current diesel hy-

brid system. Also conceivable would be the combined use of an overhead power line and a fuel cell to drive

the electric motor, which would allow the truck to drive completely emission-free in areas where no over-

head lines are in place.

An electric truck’s pantograph can be 

activated manually with just the push of a 

button or automatically. It docks to an 

overhead line and then retracts if the 

vehicle leaves the electric lane.



Lush green fields spread out across the
marshlands near the North Sea coast of

Germany. Here, where the Elbe River flows into
the sea, beaches, bike trails, and nature re-
serves invite tourists to relax and recuperate.
But the region around the Lower Saxony com-
munity of Oederquart has something else to
offer the local economy — wind. An investor
from southern Germany realized this in the
1990s and began negotiating with landowners
to develop real estate for a wind farm.

Many people felt that the village’s tranquil-
ity was threatened. Would they have to listen
to giant wind turbines from now on, while
only a few people in town would profit from
them? The investor was turned down. Instead,
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The people of Germany want a transition to renewable energy sources. But they want to have a say 
in how it’s implemented, and they want to benefit from renewable energy themselves — including 
financially. Three examples illustrate how citizens are coming together to take on the job of 
supplying their own clean energy, and are thus helping to promote a cleaner future.
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the community of 1,150 people quickly
formed a cooperative that subsequently be-
came a company called the Citizens’ Windpark
Oederquart Management Society mbH. The
objective was for the community to harvest
the wind. Soon, all suitable pieces of land were
identified in line with the town’s land use plan.
Every citizen could participate in the wind farm
by investing DM1,000 (€511) or more. Infor-
mational events, press releases, and advertis-
ing campaigns helped to sell the residents on
the project. 

“We had no idea of what we were letting
ourselves in for — not in terms of the dimen-
sions, the money, the construction or the legal
aspects. We went into this like a group of Boy

Scouts,” recalls Jürgen Goldenstein, who today
is the Executive Manager of the town’s wind
park. The community brought in a planning of-
fice. Measurements of wind potential, environ-
mental impact studies, and licensing proce-
dures were carried out before the first wind
turbine entered service in December 1997. 

In the following years 15 more units were
added, including some from Siemens. The cur-
rent installation can generate up to 28
megawatts in total. But it was a pretty rough
road before the wind farm got to where it is
now. The wind estimates were too optimistic,
for example, which meant that during some
years the yield was below expectations. These
days, though, the mood in the community is

positive. Almost 400 shareholders have in-
vested in the town’s wind park since 1994.
Partly as a result of the energy transition and
the phase-out of nuclear power in Germany,
people in Oederquart feel they’ve been doing
things right.

Achieving something as a group that would
be impossible for individuals to do — that’s the
idea behind citizen-owned energy parks. In
Germany, the birthplace of the cooperative,
this idea is more alive than ever. In many cases,
citizens can participate with only modest sums
of a few hundred euros. The trend these days
is toward self-reliance. From 2007 to 2011 the
number of registered energy cooperatives in
Germany rose from 101 to 586. In the course
of a year more than 80,000 Germans cover all
of their household electricity needs from these
cooperatives, according to the German Coop-
erative and Raiffeisen Confederation (DGRV).
In 2010, 40 percent of renewable energy pro-
duction capacity in Germany was in the hands
of private individuals, and an additional 11
percent was owned by farmers. 

Power from the People
The Energy Puzzle | Private Participation

All over Germany, private citizens are 

forming cooperatives for investing in the 

development and expansion of renewable 

sources of energy such as wind farms.

By comparison, according to the trend:re-
search market institute and the Klaus Novy In-
stitute and supported by the Federal Ministry
for the Environment, Nature Conservation and
Nuclear Safety, only 6.5 percent of capacity
was owned by the four biggest German energy
suppliers.

Through this development, individual citi-
zens have become pioneers in Germany’s en-
ergy transition. “Energy cooperatives are an
ideal way for citizens to engage in the restruc-
turing of the electrical infrastructure where
they live. In the process they increase the level
of acceptance for regional energy projects,”
says Dr. Eckhard Ott, CEO of DGRV. People have
many reasons for getting involved. They want

is only 500 meters from the North Sea, the
construction of numerous individual wind
units was planned in the 1990s. Resentment
arose among citizens, however, who were pri-
marily opposed to the number of planned
wind turbines. Preliminary projections indi-
cated that the project was viable. But the com-
munity wanted the wind energy facilities to be
planned in an orderly way, thus requiring the
creation of a land use plan. The local farmers
eventually accepted the development as pro-
posed in the plan, but only on one condition:
“When the wind turbines are built, we want to
operate them ourselves and get the profits, in-
stead of just having to look at them,” said Jo-
hann Dirks, a co-founder of the initiative. To-

cility there and declared that they were willing
to make the waste heat from the attached co-
generation plants available to the citizens for
free. The only condition was that the citizens
themselves would have to install a local heat
distribution network. 

At first no one in the village knew how to
make such a network a reality. “After all, we
weren’t engineers or network builders. When
we brought in the local energy provider, the
company politely declined to get involved in
the project, on the assumption that the net-
work would be too expensive and wouldn’t be
financially feasible,” says the initiative’s co-
founder Dr. Frank Heblich, who is also a former
member of the cooperative’s Board. 

to make a difference in their own region, they
want to be independent from fossil fuels or
they want to make sure that money stays in
the region — for example, through citizens op-
erating a wind farm themselves, hiring re-
gional contractors, and making sure business
taxes flow back into the local community. 

The risks are few. According to Germany’s
Renewable Energy Act (EEG), green electricity
produced by “self-made” power plants must be
fed into the grid. To be successful, the facility’s
location must be well chosen, the costs must
be calculated realistically, and there has to be
enough interest in participation to support the
project. The network operator and the local en-
ergy company must also be involved in the en-
terprise to make sure that the electricity can ul-
timately flow into the power grid.

Reliable Income. Citizen-based energy proj-
ects can mean extra income for regions with
underdeveloped infrastructures in particular. A
successful example of this is the Bassens wind
farm. In this Lower Saxony community, which

day Dirks is one of the managing directors of
Windpark Bassens GmbH and Bürgerpark KG. 

A total of 16 farmers gave the go-ahead
and visited residents of the surrounding area
to encourage them to back the new wind farm.
In the end, around 120 households came to-
gether to put up about a fourth of the needed
capital. A planning firm helped out by hiring
contractors and supervising construction.
Every year now, the raw North Sea wind en-
sures that the shareholders receive their prom-
ised payment. The 34 units with their output
of 20.4 megawatts provide around 45 million
kilowatt hours a year to meet the needs of
some 10,000 households. These examples
show that, especially in the case of wind en-
ergy, acceptance by citizens is significantly
higher if they actively participate in projects —
both financially and in terms of decision-mak-
ing. 

Germany also has citizen cooperatives for
heat generation. One of them is in Honigsee, a
small community of 450 inhabitants southeast
of Kiel. In 2006 two farmers built a biogas fa-

Share of Renewable Energy in Private Hands

Ownership distribution of installed capacity for electrical generation
from renewable energy sources in Germany

Private individuals 
40%

Farmers 
11%

All others 
1.5%

Project 
developers 14%

The big four power
companies 
6.5%

Other energy
providers 
7%

Funds/
banks 
11%

Total:
53,000 MWel

Source: trend:research; Status: 10/2011

Industry
9%
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One of the most sustainable buildings in the world is being built in
London. Mexico now has its own “greenest” office building, and
New York is transforming a 120-year-old concert hall into a show-
case for state-of-the-art building technologies. What all of these
structures have in common is that they’ve got “Siemens inside.”

The Energy Puzzle | Energy-Efficient Buildings

Nothing has been left to chance in the
“Crystal” — the new Siemens urban sustain-
ability center that is meant to harmoniously
combine state-of-the-art technology with so-
phisticated design and utilize every bit of en-
ergy it can exploit. “The Crystal is one of the
world’s most sustainable buildings,” says Proj-
ect Manager Dr. Werner Kruckow from the
Siemens Global Center of Competence (CoC)
Cities. “It’s a fully electric building that uses no
fossil fuels whatsoever. In addition, it com-
pletely recycles all of its process water and uses
every drop of rainwater it collects. We also
monitor all of the building’s data to ensure that
we can operate the structure as efficiently as
possible.” 

The inside of the Crystal is all about sustain-
ability as well. It’s a model for the future of
cities and all their associated challenges. That’s
why the Crystal, which covers all aspects of life
in cities, houses the world’s biggest exhibition
of ideas for sustainable urban planning. 

Buildings now account for roughly 40 per-
cent of global energy consumption. What are
the best strategies for reducing their environ-
mental footprint? How can we reduce pollu-
tion, conserve the Earth’s resources, and pre-
vent our cities from suffocating in traffic chaos
in the future? The Crystal, says Kruckow, will
not only give its visitors answers to such ques-
tions, but also demonstrate what can already

tal engineer at the Arup consulting firm. “Wa-
ter is collected on the roof and then passes
through several filters before flowing into a gi-
antic underground tank. Membrane and car-
bon filters and UV radiation are used to purify
it until it has the required quality for drinking
water.” This sophisticated technology from
Siemens, along with London’s famously reli-
able supply of rainwater, ensure that 85 per-
cent of the building’s drinking water require-
ment can theoretically be met using rainwater.
Some of the water is also heated by solar-ther-
mal installations on the roof, which cover ap-
proximately 20 percent of the Crystal’s hot wa-
ter needs. Nor is used water channeled into
sewers; instead, it’s collected and purified
again for use in toilets and for watering the

be accomplished with technologies that are
available today. The best example of this is the
spectacular building itself, which utilizes the
most advanced technologies throughout its al-
most 7,000 square meter interior. 

From the moment Siemens began planning
the Crystal, the goal was to achieve the high-
est possible certification on the basis of LEED
and BREEAM — two stringent standards for en-
vironmentally friendly and sustainable design
and architecture. This placed huge demands
on the architects and designers. Nevertheless,
the Crystal is meeting these demands. It uses
roughly 50 percent less energy and emits
around 65 percent less CO2 than similar office
structures.

This has been made possible by the interac-
tion between individual building technologies,
as well as between the building and its sur-
rounding environment. “The special shape of
the Crystal makes it an outstanding rainwater
collector,” says Anokhee Shah, an environmen-

I t’s summer in London. The few stubborn
clouds that remain in the sky are slowly giv-

ing way to sunshine, which bathes the still-wet
Royal Victoria Docks in a warm glow. A bizarre-
looking shape protrudes from a skyline of resi-
dential buildings, hotels, warehouses, cranes,
and the harbor basin — a sweeping structure
made of glass and steel that recalls the works
of the Cubist movement.

From under the building’s pointed corners,
its smooth surface reflects the surrounding
area in all of its numerous facets: the silvery
water of the port, the green parks, and the red-
and-white cable cars carrying passengers to
the nearby O2 Arena. 

The roof of this unusual building is covered
with photovoltaic panels that collect sunlight
and use it to generate electricity. Meanwhile,
the sprawling shape of the upper part of the
edifice protects the lower levels from excessive
sunlight, thereby preventing the building from
heating up too much.

“The Crystal” in London (right) is home to 

the world’s largest exhibition on the topic of 

sustainable urban planning. Thanks to modern 

building technologies, it is also one of the 

world’s most environmentally friendly buildings.
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completely dismantled, the heat might run out
in the winter,” says Heblich. What finally con-
vinced local residents were the cost savings
they would see. 

They decided to found a cooperative, which
would provide 30 percent of the investment
costs; the rest would come from loans and a
government support program. An engineer
gave professional support to the program and
helped to solicit construction bids. The ground-
breaking ceremony took place in June 2007.
One hundred days later the first household
was connected to the network. Today, most of
the village is hooked up. The big heating fail-
ure that some had feared never occurred, and
there have only been three instances when the
operators had to rent a mobile heating unit,
which distributed heat within a few hours. To-
day a biogas burner is ready if there should be
another failure. Around 1,500 metric tons of
CO2 emissions have been obviated in Honigsee
since the local heating network was installed.

given tax breaks for generating their own en-
ergy. The program was a success. In 1996
there were already more than 2,000 wind en-
ergy cooperatives in Denmark. By 2004 around
150,000 families belonged to wind energy co-
operatives, and today approximately one
fourth of Denmark’s electricity needs are ful-
filled by wind energy.

North America has begun to imitate this ap-
proach. Since 2009 the Canadian province of
Ontario has been encouraging its citizens to
generate their own energy. For a fixed feed-in
tariff, private citizens can feed their clean, self-
generated electricity into the grid for a specific
contract period. Contracts of this type account
for more than 3,500 MW of generated power
— the equivalent of four large power plants.
Citizen participation is also being encouraged
in Minnesota, where approximately 27 percent
of the wind capacity is owned by cooperative
ventures, compared to a national average of
only one percent. Nicole Elflein

But the group that initiated the project just
couldn’t let go of the idea — to take the waste
heat that was readily available and make use
of it while at the same time saving on fossil fu-
els and costs. They worked out how expensive
the network would be to build, how much of
the energy they could expect to be consumed,
and the most money the project could ulti-
mately cost each shareholder while still re-
maining attractive to consumers.

Making such a project a reality depends on
the number of households that are connected
to the network. So a meeting of local residents
was called to win them over to the project.
“Their biggest worry was that, since the old
heating system would ultimately have to be

This is another example that shows that every
citizen can contribute to the expansion of re-
newable sources of energy — but only if peo-
ple work together as a community. The bot-
tom-up energy transition has begun. 

Citizen Participation Worldwide. Denmark
and Germany have traditionally considered re-
newable energy a priority, and their people are
among the pioneers in citizen-owned-and-op-
erated energy facilities. Since 1991, Germany’s
Act on the Sale of Electricity to the Grid has en-
abled people to feed energy generated from
renewable sources into the power grid and be
paid for it. In Denmark, as a reaction to the en-
ergy crises of the 1970s, private citizens were

Farmers earn supplemental income from renewable energy.

Showcases for Sustainability
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Renewable energy generation calls for astute handling of energy supplies. 
That means that not only must energy production be managed; demand must be as well. 
The solution: intelligent networks and meters. In Austria, Siemens is putting both to the test. 

tricity and virtually no buyers, a kilowatt-hour
may go for nothing — or less. In fact, negative
power prices were offered five times in Ger-
many during the first quarter of 2012.

The underlying reason for such anomalies is
technical. In order to ensure grid stability, the
amount of electricity produced needs to be
very nearly equal to demand. But that doesn’t
necessarily mean that the only answer is to
crank up or shut down power plants. A more
efficient solution is to reduce demand. For in-
stance, since 2011, the Paulaner brewery in
Munich has worked with service provider Ente-
lios AG in the context of a “demand-response”
relationship. 

When there are supply shortfalls in the pro-
ducer’s network, the brewery can remove cool-
ing units, which are large power consumers,

Balancing Act
The Energy Puzzle | Demand Management

from the grid for a short period. If, for exam-
ple, “weiss beer” is being brewed, it doesn’t
matter if the units aren’t running for a while.
With this approach, Paulaner earns money in
two ways: by cutting its energy costs, and by
receiving part of the fee that Entelios gets from
the power producer for demand management. 

In the U.S., procedures of this kind have
long been commonplace. In fact, Siemens is
testing an automated demand-response sys-
tem in which thousands of buildings can take
part (see Pictures of the Future, Spring 2012,
p. 84). In aggregate terms, this greatly reduces
the load on the grid. 

Projects like the one at Paulaner could play
an important role in Europe in the context of a
restructured power generation system based
on a growing proportion of renewable energy

According to a saying at the power ex-
change in Leipzig, Germany, when brokers

are frantic, kilowatt-hours sell for a premium.
Indeed, during demand peaks, electricity has
to be generated immediately in order to stabi-
lize the grid. And that can call for switching on
“peaking plants,” which is extraordinarily ex-
pensive. Demand peaks are often the result of
chance events such as too many consumers
turning appliances on at the same time, a
problem at a power plant, or a downed trans-
mission line. In such cases, power suppliers of-
ten have to pay ten to 20 times as much for
electricity — and that can mean higher prices
for consumers. Conversely, prices at power ex-
changes can go through the floor when elec-
tricity generation exceeds demand. Example: a
wind park on a stormy night. With lots of elec-

At power exchanges traders deal

not only in generated power, but

also in offers from large-scale cus-

tomers to reduce loads in order to

prevent supply shortfalls. 
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building’s gardens. The Crystal actually has its
own wastewater treatment plant for this pur-
pose.

The building supplies not only its own
drinking water but also its own heat, which it
obtains from the natural environment. “When
we have to cool rooms in the summer, we
channel the heat out of the building and into
the ground below,” says David Richards, an
Arup employee. “Then, in the winter, we ex-
tract the heat from the earth and use it for the
building.” The pipes for this process, which ex-
tend 150 meters below the ground, enable the
system’s heat pump to supply 100 percent of
the building’s heat requirement, around two
thirds of its hot water, and also roughly two
thirds of the energy needed for the air condi-
tioning system.

The Crystal covers 20 percent of its electric-
ity needs with the help of its rooftop photo-
voltaic units; the rest comes from the public
grid. Rapid developments in the photovoltaic
industry posed a challenge here. “Up until the
last minute, we had planned for modules with
an efficiency rating of 17 percent — but then
new panels came on the market that had effi-
ciency ratings of 19 percent,” Richards ex-
plains.

It’s also important to use electricity as effi-
ciently as possible — which is where Siemens’
Desigo building management system comes
in. Desigo uses a weather station on the Crys-
tal’s roof and numerous building sensors to
collect up-to-the-minute information on inte-
rior and exterior temperatures, room occu-
pancy, air quality, and much more. It can then,
for example, determine whether it makes
sense to naturally ventilate rooms via win-
dows, or if heat should be turned off in unused
offices. This reduces both costs and energy
consumption, which is important for LEED and
BREEAM certification. 

The contribution made by architects to the
building should not be underestimated. In or-
der to ensure optimal use of solar energy, they
distributed the building’s glass elements in
such a way as to ensure that the interior is
flooded with daylight but doesn’t get too hot
in the midday sun. They also utilized a lot of re-
cycled materials, while nevertheless making
sure that as little material as possible went into
the construction of the Crystal.

Night is falling in London. The last workers
and visitors leave the Crystal and head home.
As soon as the temperature falls below 20 de-
grees Celsius, the building’s windows open au-
tomatically, allowing fresh air to enter. This air
also cools a massive concrete slab underneath
the building, which helps to cool the air in the
building’s interior the next day. It all adds up to
a remarkably pleasant example of how all
buildings might someday be. Nicole Elflein

Siemens’ Mexican Headquarters:
Building a Benchmark 

When it designed its Mexican Headquarters, Siemens decided to create a building that would serve as a

benchmark. The building was completed in just 14 months and is now seeking a LEED Gold certificate in the cat-

egories “Commercial Interiors” and “Shell,” which would make it the greenest office building in Mexico. The new

headquarters uses about 30 percent less energy than comparable buildings — thanks in part to a state-of-the-

art building management system from Siemens that monitors all of the key data, such as interior temperatures

and ventilation. The complex contains 105,000 light-emitting diodes from Osram that provide energy-efficient

lighting throughout the building’s 17,000 square meters. The building’s architectural design also allows it to ex-

ploit sunlight as long as possible, and, thanks to a modern water treatment system, the building’s water use is

20 percent lower than normal.

Carnegie Hall: Managing a
Symphony of Systems 

When a new building is designed, architects and plan-

ners can plan sustainable structures and integrate highly

efficient technologies right off the drawing board. But

what happens when you need to transform a 120-year-old

concert hall into a green building? Carnegie Hall, a famous

New York landmark, is now being modernized from the

ground up in the Studio Towers Renovation Project, whose

budget is close to $220 million. Almost 15,000 square me-

ters of space will be modernized, and energy consumption

and CO2 emissions will be reduced. 

Siemens is supplying a sophisticated building management

system for the project. Like a symphony orchestra, building

modernization also requires perfect interaction — in this

case between all the devices involved. The Siemens system

is thus linked with the heating, ventilation, and air condi-

tioning (HVAC) units, as well as the lighting controls and

the alarm and security systems. Integrating these technologies will enable the Carnegie Hall team to better

manage the facility’s energy demands. Building managers can view all the data on a single monitor and set the

system to send e-mails or text messages if a problem is detected — for example, if a fire alarm goes off or the

HVAC system is not operating properly. These measures will make Carnegie Hall safer — and help to save energy.

Once the building management system is completely installed, Carnegie Hall will apply for LEED Silver certifica-

tion. Success here would make the venerable hall one of the oldest buildings with such a distinction — and that

would be good news for music lovers as well as the environment.



infrastructures.” While one project in the study
involves shifting electrical loads in ten build-
ings, in another project, researchers are equip-
ping the small community of Köstendorf, near
Salzburg, with a critical mass of photovoltaic
systems and electric cars in order to test their
interactions with the grid. 

And the first results are in. The manage-
ment of private demand — by scheduling a
washing machine to start at night, for example
— is basically only of importance psychologi-
cally. “You can’t affect more than three percent
of demand that way,” says Schneider. The
buildings themselves are in a different league,
however. Up to 85 percent of the energy loads
in a building can be shifted if the heating or
air-conditioning system uses electricity. This is
due in part to a concept called thermal inertia,
which Schneider explains as follows: “When
the temperature outside is ten degrees Celsius,
a building with average insulation cools down
by only two degrees in about 40 hours when
left unheated. Most people don’t notice that
sort of change.” 

In addition, in a future-oriented project,
new buildings full of sensors are being built in
Salzburg. For instance, an 18-meter-high hot
water storage tank is being used to improve
the thermal inertia of a building and to re-
spond to demand peaks. The first detailed
findings of the overall project should be avail-
able in the spring of 2013.

Everything now becoming a reality in
Salzburg could be a part of everyday life every-
where within a decade. However, first it will be
necessary to develop clear guidelines and,
above all, achieve interoperability among the
devices involved. Without standards, there
won’t be a mass market. In 2012, the EU stan-
dardization mandate for smart grids is ex-
pected to inspire the leap from intelligent me-
ters to intelligent grids at the European level.
Experts are tweaking device standards and ap-
plication scenarios alike — while giving special
consideration to information security and data
protection. The technology being used by
Siemens in Salzburg is playing a key role in dis-
cussions focused on new standards. 

In Germany, there is also lots of talk about a
“smart meter gateway” through which it will be
possible to not only acquire data, but also
manage appliances. The next step has already
been taken in this context in the U.S., where
Siemens customers are using a device not un-
like a smart meter. This “Smart Energy Box” re-
acts to fluctuations in electricity prices by itself.
Here as well, the rules saved in the memory of
such devices constitute the key to the piggy
bank, as it were. In the future, this box will
help to prevent unnecessary load peaks such
as those associated with the cooling units at
the Paulaner brewery. Bernd Schöne

sources. Together with a system of power
plant management that takes current genera-
tion and demand forecasts into account, de-
mand management could help to keep the
electrical grid both stable and economically ef-
ficient. This is known generically as DSI — de-
mand side integration. 

In some cases, it is already common for
large industrial consumers to power down or
switch non-essential parts of their installations
on and off by arrangement with power pro-
ducers. But in the future, the same could be
true for businesses and private households.

Smart meters and intelligent energy man-
agement systems might then perform this task
practically automatically. As a first step in this
direction, the European Union is encouraging
rapid implementation of smart meters. By

2020, the majority of households are expected
to have them. These offer many benefits com-
pared with their conventional electromechani-
cal predecessors, including a data interface
with the utility company that allow remote
reading.  

Smart meters also enable communication
in the other direction, to the consumer. For ex-
ample, suppliers can inform customers of the
real-time price of electricity. This multi-tariff
functionality could then become the basis of
new business models. Based on the prefer-
ences entered by the user, intelligent meters
could decide how to respond to tariff changes.
They could power appliances down, switch
them off, or re-start them when electricity
prices are lower. They might operate with rules
such as: “Start the washing machine if power is
below X cents per kW — but in any event, be-
fore tomorrow evening.”

Building automation systems plays an im-
portant role in intelligent demand manage-
ment. A study on “Demand Side Integration”
published by Germany’s Association for Electri-
cal, Electronic, and Information Technologies
(VDE), for instance, estimates that every day
around 8.5 gigawatts (GW) of power could be
managed in Germany with minimal sacrifice of
comfort by consumers. Households, busi-
nesses, industries, and services account for
half this sum. But theoretically, according to
the study, up to 25 GW could be managed if all
conceivable loads were added up. 

According to the study, the potential for
power management will continue to grow
through 2030 because of the increased use of
heat pumps, air-conditioning systems, and
electric cars. A considerable portion of daily
demand would then be available to shift
around as appropriate. After all, Germany
needs an average of around 60 GW of electri-
cal power over the course of an average day.
Of that amount, about a fifth currently comes

Marketplaces for Electricity

In the future, commercial and even private

users of electricity could take advantage of the low-

est tariffs at any given time through “smart markets”

— intelligent, local marketplaces — according to

scenarios envisaged by the European Union. Such

markets could help to reduce demand by powering

down or shutting off equipment, or delegating this

task to an “aggregator.” The aggregator would pool

the stated willingness of customers to shift their

power consumption to a different time. The rules ac-

cording to which these markets would operate are

still vague, as are the tariffs. It is also conceivable

that software agents (p. 59) could trade storage ca-

pacity as well as electricity and switch-off capacities.

Electric car batteries would be ideal intermediate

storage devices. Owners could account for wear on

their batteries either via electricity prices or through

bonus payments. 

Near Salzburg, Austria, engineers are testing the suitability of smart power meters for daily use — in grids with renewable energy sources and electric cars. 
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from fluctuating renewable energy sources,
which represent a special challenge for grid
stability. 

Identifying Power Hogs. Without practical
experience, however, all these scenarios re-
main nothing more than theory. Since the end
of 2009, Siemens Austria has therefore been
taking part in the Smart Grid Model Region
project in Salzburg, where the local power com-
pany, Salzburg AG, has already installed about
1,000 smart meters from Siemens. How are
people reacting to the new opportunities? With
the approval of participants, a group of scien-
tists from the Vienna University of Technology
and the AIT (Austrian Institute of Technology)
are monitoring the behavior of smart meter
users and the effects of demand management. 

Through a Web portal developed by soft-
ware specialist Green Pocket, project partici-
pants use smartphones or tablet PCs to keep
track of their current electricity consumption.
This allows them to uncover power hogs. The
software issues a warning when the electricity
bill exceeds a pre-established amount, which
helps the researchers determine if this feed-
back changes the behavior of the people in-
volved. There are also plans to move toward a
smart grid based on associated consumption
rules. Here, a smart meter takes care of every-
thing. “Ideally, users won’t notice any of these
processes and comfort and convenience won’t
suffer,” says Wolfgang Schneider, head of the
Siemens branch in Salzburg. 

“Siemens has developed a method for com-
munication between smart meters and the
power company, whereby data packets piggy-
back on the electrical lines. This ensures a ro-
bust and reliable data transfer,” adds Wolfgang
Bauer from Siemens Austria. “It also provides
sufficient scope for integration into future
smart-grid functions as well as into existing
network automation and energy management
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The Energy Puzzle

In Brief

Increasing resource scarcity, the nuclear acci-

dent in Japan, and the onset of global warming

are making it clear that the global energy system

is anything but sustainable. Ambitious plans are

being made to change that. Germany, for exam-

ple, is planning a transition to a sustainable 

energy supply. That means challenges but also

opportunities for mankind, nature, and the econ-

omy. The required measures have to fit together

like the pieces of a puzzle. (pp. 10, 14, 32)

In order to connect offshore wind farms to 

the grid, Siemens is building huge converter plat-

forms equipped with high-voltage direct current

transmission technology. At the same time, with

its international expertise, Siemens is moving

closer to achieving a key target: making wind

power as inexpensive as electricity generated 

using fossil fuels. (pp. 22, 26)

If the transition to renewable energy is to suc-

ceed, it will be necessary to expand long-distance

power networks. However, power losses are too

high when high voltages are transmitted over

great distances with conventional alternating 

current lines. In addition, public acceptance for

new lines is often not forthcoming. Siemens of-

fers solutions. (p. 24)

To the north of Berlin, Siemens is testing hy-

brid-electric trucks equipped with pantographs

such as those used by streetcars. The trucks could

carry freight between logistics centers and mines

or ports, for example. In the future, they could

also operate on specially modified highways —

and thus decouple the growing amount of freight

traffic from CO2 emissions. (p. 29) 

One of the most sustainable buildings in the

world is being built in London; Mexico now has

its own “greenest” building; and New York is

transforming a 120-year-old concert hall into a

showpiece of state-of-the-art building technol-

ogy. Besides being very energy efficient, all of

these structures have “Siemens inside.” (p. 35)

Renewable sources of energy require energy-

efficient solutions as well as a smart way of deal-

ing with the available supply of energy. In other

words, smart grids are a must — as are equally

intelligent power meters. In Austria, Siemens is

putting both to the test. (p. 37)
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A t first glance, the capital of Denmark —
Copenhagen — and the South African city

of Durban seem to have little in common. But
there is a connection between them, as both
cities want to become CO2-neutral. Copen-
hagen has set itself a target date of 2025 for
this; Durban is aiming for 2050. Both cities
now understand that environmental protec-
tion is no longer a luxury, but rather a neces-
sity in rapidly growing cities around the world.
Around half the world’s population now lives
in cities, and that percentage is expected to in-
crease to two thirds by 2050, when as many
people will be living in cities as now populate
the entire Earth. 

ica, Asia, the U.S., Canada, Germany, and
Africa — and Pictures of the Future has pre-
sented the most important results in past is-
sues. A new study for Australia and New
Zealand is now being developed. 

The world’s cities are marked by different
conditions. For example, Asian cities have
twice as many people on average as European
urban centers. Income levels also vary sharply.
Whereas the U.S. and Canada have a per capita
gross domestic product (GDP) of US$46,000,
residents of cities in Latin America live on an
average income of $11,100. However, com-
parisons of the city indices also show that
many metropolitan areas have already im-

Siemens, the Economist Intelligence Unit,

and several renowned urban planning ex-

perts, used the data produced for the Green

Cities Indices to identify seven key factors

that make for greener cities. It should be

clear, however, that there is no perfect mas-

ter plan that can be applied to all cities.

1. Environmental planning at the city level

The cities with the best rankings in the Green City

Index all have one main thing in common: They

do their own planning. National regulations can

offer incentives for introducing environmental

protection measures, but cities must also be giv-

en enough responsibility to enable them to set

the right priorities.

2. A holistic approach

Every city has interrelated environmental and in-

frastructure issues that must be addressed in a

holistic manner by policymakers. The Brazilian

city of Curitiba, for example, has long since recog-

nized that a smoothly functioning public trans-

port system significantly improves air quality —

which is why Curitiba has been pursuing a holistic

strategy for many years

3. Wealth isn’t everything

Environmental protection is not a luxury that only

the rich can afford — as evidenced by cities like

Bogotá, Delhi, Berlin, and Vancouver, all of which

have a relatively low GDP but nevertheless per-

formed well in the indices. They did this by taking

relatively inexpensive measures in the area of 

education, for example, and focusing on environ-

mental policy improvements. In many cases, a

high level of income actually leads to a poorer in-

dex result, particularly when resource consump-

tion rises or more people are able to afford their

own cars. 

Green Areas
● Latin American cities have many parks and
recreational areas. The region has around
255 m2 of green space per person; the figure
for Asia is only 39 m2.
● New York and Singapore are role models for
spatial planning, as both have been able to
combine extensive green spaces with high
population density. 

CO2 Emissions
● Cities in Canada and the U.S. generate more
per capita CO2 emissions on average than Eu-
ropean and Asian cities combined.
● The best city in the industrialized world in

How Cities Can Learn from One Another
Pictures of the Future | Green City Index

Seven Factors That Make Cities Greener

4. Public participation

Environmental protection measures are easier to

implement, and more successful, if they are sup-

ported by citizens. The public should therefore be

included in important decisions. Cities like Delhi

and Porto Alegre encourage school children to do

more for the environment, and they also allow

citizens to vote on certain measures.

5. The right technologies

Technologies available today can substantially re-

duce CO2 emissions and energy consumption.

London, for example, could lower its CO2 emis-

sions by 44 percent solely through the use of effi-

cient technologies, and without residents having

to change their energy use habits. Cities are often

apprehensive about the high initial costs in-

volved, but experience has shown that the invest-

ments pay off over the long term. 

6. People and the environment

Health issues and poverty are closely linked with

environmental problems — so all three aspects

have to be viewed together. A city that properly

disposes of waste and sewage, or provides more

people with access to electricity and drinking wa-

ter, will help reduce illness among its population.

Building the associated infrastructures also cre-

ates jobs and prosperity.

7. Informal settlements

The African Green City Index reveals a clear con-

nection between the percentage of people living

in informal settlements and a city’s overall per-

formance in the study. A high share of people liv-

ing in such settlements correlates with a lack of

drinking water, electricity, and waste manage-

ment and sewage systems. Poverty and environ-

mental pollution can only be brought under con-

trol with an expansion of infrastructure.

Over the past three years, the Green City Index has been examining the environmental 
performance of cities around the world. With more than 120 cities already studied, 
it’s worth taking a look at global comparisons and trying to isolate the factors for success. 

● Chicago, Tokyo, Amsterdam, and Berlin had
the best results in the global comparison for
this category, with each losing only around
three percent of its water.

Water Consumption
● Africa consumes the least amount of water,
because many people there have only very lim-
ited access to drinking water. 
● Tallinn (Estonia) and Amsterdam consume
the least water in the developed world — only
around 140 liters per person each day.
● However, three cities in the U.S. and Canada
consume more than 800 liters of water per per-
son per day. Nicole Elflein / Karen Stelzner

= 100 people. Population density of cities in people/km2 All data from the Green City Indices

European Union (EU)
3,900 people/km2

Asia (AS)
8,200 people/km2

Latin America (LA)
4,500 people/km2

Africa (AF)
4,600 people/km2

USA and Canada (UC)
3,100 people/km2

14.5 t 
U.S.A. &
Canada

CO2 emissions per capita (in tons)

5.2 t 
EU

4.6 t
Asia

23% 
EU

13% 
UC

35% 
LA

22% 
AS

30% 
AF

From left: Percentage of people who drive, ride bicycles,
walk, or use public transportation to get to work

87%       U.S. and Canada     13%

0

37%           Europe                   63%

More and more people will need water and
electricity, the amount of waste will increase,
traffic will become more congested, and
sewage systems will be stretched to the limits
of their capacity. All of this will negatively im-
pact the environment and the economies of
urban centers — as well as the health of their
residents. Addressing these problems requires
a fundamental understanding of where the
challenges lie and how different cities are deal-
ing with them. This is exactly what the Green
City Index — a series of research projects car-
ried out by Siemens and the Economist Intelli-
gence Unit (EIU) — has been trying to achieve
for three years now. The index examines the
entire range of environmental sustainability is-
sues, including CO2 emissions, energy, land
use, buildings, transport, water and waste-
water, waste management, air quality, and en-
vironmental policy. Green City Index studies
have been published for Europe, Latin Amer-

proved their environmental performance by
making infrastructure more efficient or imple-
menting ambitious policies — and their
achievements can serve as an example for
other cities around the world. Still, one must
keep in mind that each City Index takes into ac-
count specific aspects of the region in ques-
tion, which means direct global comparisons
can be made for only a few parameters.

Population Density
● High population density makes it easier to
build infrastructures such as public transport. 
● The most densely populated cities are in
Asia, where average density is around twice as
high as in cities located in the other regions
studied. Mumbai, for example, has 27,000
people per square kilometer — the highest
level among all the cities studied.
● Urban sprawl is a problem that is especially
widespread in North American cities.

this category is Oslo, which has emissions of
2.2 tons per person.

Waste Production
● Europeans produce the most waste. Only
ten percent of the European cities that were
studied generated less than 400 kg of waste
per person each year.

● The best city in the industrialized world is
Yokohama (300 kg per person and year).
● The best result in the global comparison
was achieved by Delhi, with only 147 kg of
waste per person each year on average.

Recycling
● With a recycling rate of 81 percent, the city
of Leipzig in Germany is the world recycling
champion, although North American cities
boast the best overall performance in this cate-
gory.
● San Francisco recycles 77 percent of its
waste; Los Angeles has a recycling rate of 62
percent.

Transport Modes
● Urban residents in Europe mainly use public
transport, bicycles, or their legs to get to work,
with Stockholm taking the lead here (93 per-
cent).
● The situation is different in North America,
where 87 percent of city dwellers drive to
work. New York is a positive exception, as 37
percent of its residents use public transport. 

Water Losses in Pipe Systems
● Leaky water pipes are a major problem in
developing countries and emerging markets
especially. Rio de Janeiro loses 58 percent of its
water through leaks. 
● Bad pipes aren’t as much of a problem in
U.S. and Canadian cities, however, as 15 of the
27 cities studied there lose less than ten per-
cent of their water through leaks.

Leakage rate in % 
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Highlights
44     Perpetual Optimization
          Machines are talking to each other in

unprecedented numbers. Not only
are they doing simple things like
managing our boarding passes,
they’re also about to start stream-

          lining smart grids and entire supply 
          chains.

48     The Next Network
          Embedded systems are increasingly
          being joined together into an “Inter-
          net of Things.” Networked machines 
          could revolutionize fields from 
          manufactureing to transportation. 

53     The Automated Economy
          Tomorrow’s economy will largely 
          operate without human interven-
          tion, says Prof. W. Brian Arthur. 
          A nervous system of networked de-
          vices will ensure that processes are 
          better, faster, and more economical. 

55     Meeting on Mars
          “Curiosity” was developed and tested

using Siemens design and simulation
software. When it touched down on
Mars in August 2012 it exemplified
the growing symbiosis between the
real and virtual worlds.

64     Road to a Digital Future
          Modern vehicles are packed with soft-

ware. In the future, automobile con-
trols will be even simpler and more
intelligent. Siemens is testing new
concepts that will bring the dream of
fully automatic driving with new 

          vehicle architectures a step closer.

Scientists are conducting final tests on a space

elevator complex that will ferry passengers

and freight to a vast research and residential

station some 22,000 miles above Earth. Every

part of the facility has its own IP address — in-

cluding every ant-like service robot. One day a

robot vanishes — apparently the first step in

an invisible optimization plan.

size of a tennis ball, much of it baking under
cloudless skies, half of it in darkness. “Yes,” I
said. “As often as I come here, the view is al-
ways mesmerizing.”

“So what’s the story?” she asked. “You
sounded concerned when you called.”

“I am,” I said. “And I didn’t want to discuss it
any other way but face to face.” 

Marisa and I go back decades. In fact, we
grew up together in a small town near Milan
and studied electromechanical engineering to-
gether. After grad school, I joined the Euro-

The head of the world’s first
space elevator has discovered
that one of the project’s 
Autonomous Networked 
Systems (ANS) has been 
cannibalized by its coworkers…

What a view!” she gasped. We were stand-
ing in one of the station’s glassed-in ob-

servatories some 22,000 miles above the
Earth, a bright blue and white disc about the

What Will
THEY Think
of Next?

Internet of Things | Scenario 2060

pean Space Agency, and “Risa,” as I call her,
took a job at a company that specializes in in-
dustrial simulation technology — the same
technology that was used to design and test
every part of the space elevator complex and
its sky-high “Exploratorium” where we were
standing, a vast complex of laboratories and
offices, residential facilities, and launch and
docking systems for future missions through-
out the solar system. For the last five years
my job has been coordination of the space
elevator project.
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gines and off-shore wind parks to pacemakers
and programmable logic controllers. They are
software modules — sometimes referred to as
agents — and they are part of a new, invisible
economy in which objects speak with other
objects — in short, the Internet of Things. 

So rapidly is the Internet of Things growing
that on June 6, 2012, the Internet Society,
a global standards-setting organization with

headquarters in Geneva, Switzerland and Re-
ston, Virginia, officially launched a new Inter-
net Protocol (IP) standard called IPv6. Thanks
to this development, “there are now enough IP
combinations for everyone in the world to
have a billion IP addresses for every second of
their life,” reported CNN Money as the Protocol
was launched. That amounts to over 340 un-
decillion addresses (3.4×1038)! The idea that

so many addresses could ever be needed may
sound ludicrous when thought of in terms of
the current world population of around 7 bil-
lion people and 4.3 billion IP address; but it’s
not so outlandish when you think of the popu-
lation of things. Indeed, according to Cisco
Systems, Inc., by 2020, there will be some 50
billion networked devices (p. 46), billions of
them invisibly embedded in everyday objects

D210:374A:BD21:0786:23D1::

9531:D23E:116A:0135:4265::

3010:4DA7:AC10:ED02::

2001:0DB8:AC10:FE01::

A110:0810:2729:9560::

89A1:1D21:AE11:0810::

Thanks to the unlimited capacity of the latest 

version of the Internet Protocol, virtually every

object may one day be able to provide real-time

information regarding its age, service 

history, constituent materials, and condition.

They will soon be everywhere — in the bar
code readers at the corner grocery store, in

street lights, traffic lights, and your car’s navi-
gation and braking systems. They will zap mes-
sages back and forth between buildings and
the smart grid (p. 66), notify factories when a
supplier’s production line runs into trouble,
and report on, learn from, and predict the
maintenance needs of everything from jet en-

1732:BC11:A4E1:2DE4:2286::

E134:2765:A1D6:7820:65B3::
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“Something very strange happened a few
days ago,” I began. “We believe that several of
our ANS — you know, those ant-like Au-
tonomous Networked Systems that we use for
every kind of maintenance work out here —
well, it seems that four of them — there’s no
other way of describing it — cannibalized a
seventh one. 

“Cannibal…What do you mean?” asked Risa.
“I mean there are a few seconds of video when
a small swarm of ANS approached the lone vic-
tim, who was performing routine surface
analysis operations for evidence of micro im-
pacts,” I explained. “The victim’s eye-stream
video then goes blank, and the attackers’ video
feeds show nothing — as if the victim had
been digitally removed from the images to
avoid leaving a trail. But the RFIDs embedded
in each piece of the victim have turned up in
parts of the six attackers — and those attack-
ers appear to be functioning more efficiently
than any other ANS. How could such a thing
happen?”

Marisa looked down at the seemingly end-
less meter-thick carbon nanotube cables that
stretched downward from the Exploratorium,
already allowing a steady stream of freight and
passenger modules to ferry supplies and serv-
ice personnel back and forth. The elevators,
which were still being tested, would radically
change the economics of space travel. Until re-
cently, it cost as much as $20,000 per kg to
carry materials into geo-stationary orbit on
old-fashioned rockets. Once in full operation,
the space elevator was expected to slash that
to about $100 per kg. 

“You guys did the simulation and testing.
We just provided the software to do it with,”
said Risa. “That’s right,” I answered. “And you
know that we performed exhaustive simula-
tions on everything from the materials to the
individual parts of every system. We simulated
how those materials and parts would hold up
under the temperatures, radiation levels, and
stresses they would be subjected to up here.
We simulated their functional interactions, and
even the manufacturing procedures for all the
parts we used — including the ones used in
the ANS. But Risa, there was always that busi-
ness of uncertainty quantification. What we
studied back in college about predicting crack
propagation and determining associated levels
of risk, which was hard enough to figure out,
has given way to a much thornier question —
the uncertainty of predicting how networked
systems function when they acquire intelli-
gence, communicate, and learn from one an-
other.”

“You said these attacker ANS have become
more efficient,” said Marisa. “What did you
mean by that?” “See for yourself,” I said, touch-
ing the transparent surface of the observatory.

In a direct line of sight behind my finger we
could see a group of ANS combing the surface
of the elevator complex for micro impacts and
cracks. As I touched the glass-like surface, it’s
OLED interface came to life like a giant moni-
tor, instantly recognizing my fingerprint and
genetic signature thanks to an embedded elec-
trophoretic layer, thus giving me secure access
to a world of data. 

I zoomed in on the area of interest so that
we could observe the ANS’ appearance and be-
havior. “Most of our ANS work alone or in
pairs,” I explained, “and these ANS used to as
well. But now, look at them — all of them are
moving in unison. If we interrogate their data
exchanges, which include real-time com-
pressed video, ultrasound, X-ray, thermal sens-
ing, and of course self-diagnostics, they are all
operating in perfect synchrony. They are col-
lectively analyzing the surface for any sign of
damage. It’s as if they had formed a single,
mobile multi-sensor. “What’s more,” I added, “if
you look at their RFID signatures,” — I made a
few quick movements of my fingers to change
the perspective — “you see anomalies, chips,
for instance, that were originally in the victim.
Each manufactured part, after all, has its own
IP address. These ANS have upgraded them-
selves!”

“Fascinating!” Marisa said, almost to herself
as she watched the ANS assiduously working
their way over the surface of the complex. “To
be perfectly honest, one of our newest re-
search projects has been examining the proba-
bility of so-called spontaneous origination of
behaviors among different classes of smart,
networked devices. But now it’s happened!
The ANS’ mission, if you think about it, is not
just to identify anomalies that could turn into
problems, but to optimize whatever they come
in contact with. And now they’ve taken a step
toward self-optimization in order to make a
process more efficient. It’s swarm intelligence
and more, it’s the essence of the Internet of
Things. What we’re witnessing is simply a sys-
tem that’s doing what it’s supposed to do.”

“So you don’t think we need to be too con-
cerned about what’s happened?” I said. “I
mean, isn’t there a possibility that this sort of
thing might pose a risk — that the ANS might
surprise us in ways that are not optimized for
us?” “Oh come on,” said Risa, “they’re just ma-
chines. And if you really get nervous, just press
the ANS System Central Reset in the control
center, take the four so-called offenders out of
the loop for study, and everything will go back
to normal.”

“Risa,” I said, “that’s why I wanted to discuss
this with you face to face rather than using any
electronic communication. “I’ve already
pressed the Reset. Nothing happened. What
will they think of next? Arthur F. Pease

Internet of Things | Trends

Perpetual Optimization 
Machines are talking to each other in unprecedented numbers. Not only are they doing simple things
like managing our boarding passes and seating assignments; they’re also about to start streamlining
smart grids and entire supply chains. It all adds up to an economy based on perpetual optimization.
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The Internet of Things is considered an important is-

sue for the future in China as well. In February 2012 the

Chinese government therefore decided to set up a fund

of approximately $775 million to support this field in the

next five years. 

The official Chinese market for the Internet of

Things, which comprises a broad field that includes

safety, security, and environmental technology as well

as health monitoring equipment, had a volume of ap-

proximately $31 billion in 2010. This sector is expected

to grow to $116 billion by 2015, according to a report

published by the Xinhua News Agency in late 2010. 

In May 2010 a group of experts named “EU-China In-

ternet of Things” was established. Its objective is to pro-

mote technological innovations and uniform standards

in Europe and China with regard to the Internet of

Things. However, in addition to discussing the opportu-

nities opened up by this new field of technology, experts

in Europe are also devoting considerable attention to

potential effects on data protection and privacy. Plans

also call for these issues to be investigated and ad-

dressed on the international level. Sylvia Trage

opment of many attractive new applications. “Suppliers

of smartphones are making a very noticeable effort to

enhance the functionality of these devices with sensors

in order to support new business models,” says Dr. Gerrit

Tamm, a professor of information systems at SRH

Hochschule Berlin.

What’s more, 80 percent of all households in the Eu-

ropean Union are expected to have intelligent power

meters by 2020. If an intelligent control unit is added to

such meters, they can start up washing machines, cool-

ing systems or heat pumps all by themselves during

times when electricity rates are low (p. 99). 

In “intelligent houses,” wireless sensors will control

lighting, energy management, and security systems. An

analysis carried out by market research company Mar-

ketsandmarkets predicts that the need to save energy

will be a primary driver of the market for smart homes. A

building’s energy management can then be monitored

and administered remotely via a smartphone or a PC.

Market experts predict that this global market, which

represented $5.3 billion in 2010, will grow to $11 billion

by 2015.

a transport vehicle,” says Professor Michael ten Hompel,

Director of the IML.

The technical foundation for connecting everyday

objects to networks is radio frequency identification —

RFID. In this technology, the data carried by the chip at-

tached to an object is transmitted via wireless links (p.

48). As the VDI puts it, this turns “low-cost articles into

smart objects.” RFID systems can be used wherever au-

tomated labeling, identification, registration, storage,

monitoring, or transport are necessary. 

According to a study conducted by Frost & Sullivan

in 2011, the global RFID market of $3 billion to $4 billion

(in 2009) will grow by twelve percent per year through

2016 and reach a volume of approximately $6.5 billion

to almost $9 billion. “In coming years, every device will

be connected to the Internet. The trend will extend to

every industry and every sphere of life,” says Cisco Chief

Futurist Dave Evans, who predicts a boom for the Inter-

net of Things.

Market researchers expect that smartphones in par-

ticular will play a major role in bringing the Internet of

Things to consumers and that they will foster the devel-

Growth in Internet-Connected
Devices by 2020

RFID Sales by Major Market Segments
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Internet of Things | Facts and Forecasts

Growth Market of the Future

Virtually invisible to most of us, powerful software

modules have long since become indispensable for

managing the flood of information on the Internet. Ac-

cording to an analysis of the U.S. company Cisco, over

50 billion devices will be connected to the Internet by

2020, ranging from smartphones, PCs, and ATMs to

manufacturing equipment in factories and products in

shipping containers. Market research firm Gartner re-

gards the Internet of Things as one of the strategic tech-

nologies of our time. Meanwhile, solutions for identifi-

cation, analysis, and communication are expected to

reach a critical mass in the next five years and become

useful economically. According to Gartner, the essential

elements of the Internet of Things include integrated

sensors in devices and objects, image recognition via

handset cameras, and payment by means of near field

communication (NFC). In NFC payment systems, users

place their cell phones in the vicinity of an NFC reader in

order to pay for purchases.

The first applications for the Internet of things al-

ready exist — in toll collection, navigation systems, re-

motely readable meters in decentralized energy sys-

tems, and in automated warehousing. There is now

even a Dutch start-up company that equips cows with

sensors that report illnesses or pregnancy. According to

the Fraunhofer Institute for Microelectronic Circuits and

Systems in Duisburg, an active transponder system lo-

cated in the stomach of the cow identifies relevant pa-

rameters, such as the pH value of the blood and the

temperature, and transmits this data to an external re-

ceivers on the cow’s collar. From there, the information

is forwarded to a central database through a wireless

network of sensors. If the cow’s blood pH value is too

low, for instance, the farmer receives a warning mes-

sage on his PC. In human beings as well, ECG sensors on

the body could monitor cardiac activity and display up-

to-date data on the condition of an individual through a

smartphone.

According to the Association of German Engineers

(VDI), the most promising applications include health

telematics, house and building automation, industrial

production, and logistics. 

Market researchers at Forrester Research likewise

see considerable potential in the logistics industry. “In

recent years, the costs for a simple fleet management

device have fallen by 50 percent to an average of $100,”

explains Forrester analyst Michele Pelino. In the system

envisaged by the Fraunhofer Institute for Material Flow

and Logistics (IML) in Dortmund, Germany, each pack-

age and each shipping container will find the right path

to the recipient by itself. The destination will simply be

written into intelligent labels. “This way, each package

knows where it has to go, and it reserves its own spot in
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world that, following exhaustive simulations,
the same data sets were used by computer nu-
merically-controlled (CNC) machines to manu-
facture the parts’ real-world counterparts. Says
Siemens Industry CEO Prof. Siegfried Russ-
wurm, a member of Siemens’ Managing Board,
“What NASA was able to do with the Mars
rover was a paradigm shift, an integrated data-
base, an integrated approach from product de-
sign to production design — a seamless transi-
tion from the virtual world to real production
in one consistent database.” 

Daren Rhoades, a Senior Product Develop-
ment Manager at PLM Software’s Cypress, Cali-
fornia development center who, until recently,
was a member of the NASA team that devel-
oped the Curiosity rover, adds that “Developing
something new for a space mission is incredi-
bly expensive because of the amount of engi-
neering and testing involved. But with our
technology, NASA will be able to easily find
and reuse any of the pertinent information and
knowledge gained from Curiosity’s develop-
ment and testing phase. That can save a
tremendous amount of money.”

NASA is of course not the only organization
to have discovered the extraordinary efficien-
cies associated with precision development
and functional testing of parts and systems in
the virtual world. In China, for instance, a tran-
sition from low-wage, low-tech industries to
higher-wage, high-tech industries is driving
growing interest in virtual world development.
The country’s nascent automobile industry —
particularly Chery and FAW — have embraced
Tecnomatix, a Siemens PLM Software technol-
ogy that links product development units to
manufacturing locations, from process defini-
tion and planning to simulations and produc-
tion (page 62). 

The connection between virtual and real
worlds will not be limited to industry. Accord-
ing to Prof. Elgar Fleisch, Director of the Insti-
tute for Technology Management at the Uni-
versity of St. Gallen, Switzerland, “As the
Internet of Things connects the physical world
with the Internet, we will see an explosion in
the number of devices that have their own
home page and associated apps.” As Fleisch
sees it, in the future, virtually every object,
from toys to medications, will be able to pro-
vide real-time information regarding its age,
constituent materials, and condition. (p. 52). 

Indeed, thanks to a process called SIPAT
(Siemens Process Analytical Technology), pilot
projects now under way in the pharmaceuti-
cals industry indicate that, in the near future, it
will be possible to track the origin and quality
of the substances used in every pill (p. 61).
Who knows — maybe we’ll need all those bil-
lions and billions of IP addresses after all!

Arthur F. Pease

ranging from clothing and cell phones to auto-
mobile parts (p. 48).

Automated Economy. “We are witnessing
the birth of an economy that, with the help of
sensors, will be automated,” says Prof. W. Brian
Arthur (page 53), an economist and technol-
ogy thinker at the Santa Fe Institute. For in-
stance, he points out, a truck equipped with
radio frequency identification tags (RFIDs) can
optimize its arrival timing as its navigation sys-
tem talks with roadside sensors that, in turn,
compare the vehicle’s position with real-time
traffic flows in coordination with computers in
the supply chain to which the truck is making
its delivery. Each part of this communications
network used to require a human participant
— along with associated costs and errors. But
today, and to an ever increasing extent, such
processes are taking place among machines —
with significant benefits for the general econ-
omy — and potentially profound challenges
for labor markets around the world.

Just as our vehicles are beginning to com-
municate with systems around them, systems
within them will also hold their own conversa-
tions (p. 64). Supported by a 10-million Euro
grant from Germany’s Federal Ministry of
Economy, Siemens and other companies are
investigating the software needs of tomor-
row’s electronic vehicles in the context of the
“Robust and Reliant Automotive Computing
Environment for Future eCars” project.

Somewhat further down the road is a world
of automated communication and optimiza-
tion that may one day link — and optimize —
entire supply chains (page 58). That’s the goal
of a 20-million Euro project sponsored by Ger-
many’s Federal Ministry of Economy. Known as
the RFID-based Automotive Network (RAN),
the program is heading for development of a
standardized parts and information manage-
ment system for the automobile industry. The
idea is that supplier production lines will auto-
matically advise their customers — original
equipment manufacturers or OEMs — of any
significant slowdowns. Intelligent systems at
OEMs will then evaluate the information and
adjust production schedules flexibly. The po-
tential economic benefits of real-time commu-
nication between different levels of suppliers
and OEMs are expected to be enormous.

Merging Real and Virtual Worlds. One of
the most spectacular events in the short his-
tory of the Internet of Things was the seamless
development, testing and manufacturing of
the Mars Science Laboratory, also known as
Curiosity (see page 55). With the help of
Siemens PLM Software solutions, individual
parts, subsystems, and even the entire assem-
bly were so accurately produced in the virtual
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Many everyday objects and machines contain micro computers that control their operations 
and enable useful applications. These embedded systems are increasingly being joined 
together into an “Internet of things.” In the future, machines that are linked together in 
networks could revolutionize manufacturing, energy distribution, and transportation systems.

The Next Network
Internet of Things | M2M

Incoming deliveries at a Siemens logistics 

center are automatically registered via RFID chips.

Right: An RFID system keeps an eye on production

at Rehau AG, a plastics processing company.

Microcontrollers are everywhere. Essen-
tially tiny computers that are embedded

in machines, they supervise a rapidly-expand-
ing universe of functions. In washing ma-
chines, for instance, they may access informa-
tion embedded in electronic tags in clothing
labels, allowing them to know whether items
are wash-and-wear or wool. Other sensors
may tell them how soiled the items are. They
may also control water valves, and ensure that
the door is securely closed.

Embedded microcontrollers can be found in
practically all machines, ranging from DVD
players and power tools to automobiles and
computed tomography scanners. They differ
from PCs in their size and processing power.
Embedded systems typically have a micro-
processor, a memory, and interfaces with the
external world, but they are considerably
smaller than their PC counterparts. Frequently,
the bulk of the electronic circuitry can be
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found in a single chip. Although microcon-
trollers of this sort are tiny, they can easily con-
trol even complex machines via their software.

“In a few decades there will be hardly any
industrial products that don‘t have computers
inside them,” predicted German computer sci-
entist Karl Steinbuch in 1966. His vision has
long since become reality, and the global mar-
ket for embedded systems is now worth ap-
proximately €200 billion and is growing fast,
according to estimates in a study conducted by
the German industry association Bitkom and
the Roland Berger management consulting
company. 

Embedded systems are especially impor-
tant for Siemens, because these virtually invisi-
ble mini-computers are built into almost all the
products sold by the company, from medical
equipment and automation technology to
building management systems, trains, power
distribution systems, and turbines.

Like computers, microcontrollers run on
software — an area in which Siemens has built
up significant expertise. Indeed, the company
employs some 17,000 programmers and in-
vests approximately €2 billion per year in soft-
ware research alone. Nor are Siemens’ activi-
ties in this area restricted to embedded
systems. “After SAP, we‘re the second largest
software company in Europe,” says Gerhard
Kress from Siemens Corporate Development. 

Increasingly, the company’s focus in this
field is so-called “vertical IT” — information
technology solutions that “are specially tai-
lored for individual sectors,” explains Kress. He
points out that “horizontal IT, on the other
hand, is suited to many sectors at the same
time. Examples include Microsoft Office pro-
grams, as well as software for purchasing,
sales, resource scheduling and database man-
agement. Siemens doesn‘t focus on solutions
and applications in these areas.”

and simulation; Teamcenter software for man-
aging product data throughout the lifecycle;
Tecnomatix and Totally Integrated Automation
for factory design and the automation of pro-
duction; and the SIMATIC IT system for real-
time processes in its factories.

In parallel with product development, au-
tomakers can also use these systems to design
new factories, optimize their productivity, and
program machines in the virtual world. That
saves time and money and avoids errors. In ad-
dition, information from manufacturing flows
back into the development process, which
helps to further improve products. 

“The market for horizontal IT is growing by
about four percent each year, but vertical IT is
expanding at a rate of nine percent,” says
Kress. That’s why vertical IT is at the center of
the “Siemens IT revolution,” which is designed
to tap into new markets that lie between tradi-
tional Siemens solutions and horizontal IT.

matter sensor and an ozone meter record envi-
ronmental data, with backup from a weather
station and a webcam. Thanks to WiFi, the tree
sends its data to a computer that evaluates it
and can detect how the tree is doing at any
given moment. Internet users can take a look
for themselves — the “Talking Tree” is active on
Facebook and Twitter; it also uploads photos to
Flickr and videos to YouTube.

Naturally, there is much more to the Inter-
net of Things than interactive oaks. Indeed, en-
tire wind farms can strike up a machine-to-ma-
chine conversation. For example, in one farm,
rather than maximizing each turbine’s output,
Siemens software allows turbines to trade data
with a view to maximizing the farm’s total yield
and minimizing wear and tear on a range of
components. 

The Internet of Things is also heading for
the smart grid. In the future, for instance, en-
ergy users such as washing machines, and

of Things, because it could lead to a true revo-
lution in manufacturing. This view is shared by
advocates of “Industrie 4.0,” an initiative that is
part of the high-tech strategy of the German
federal government and includes Siemens as a
participating member. The initiative foresees a
scenario characterized by distributed intelli-
gence in which factories no longer require cen-
tralized management. 

In such a scenario, raw parts and produc-
tion machines would enter into a dialogue in
order to optimize manufacturing processes by
themselves. “Each raw product will contain a
small embedded system equivalent to a minia-
ture Web server with a wireless interface that
serves as its digital product memory,” explains
Prof. Wolfgang Wahlster, Managing Director of
the German Research Center for Artificial Intel-
ligence (DFKI) in Saarbrücken. “The embedded
system will know exactly what the raw product
is supposed to become, and will independently

Frequently, vertical IT builds on embedded
systems and in the process offers users addi-
tional features. For instance, thanks to embed-
ded intelligence, a doctor using a modern CT
scanner can view the images created by the
machine on a local monitor, or the data can be
transferred to a diagnostic software package
such as Siemens’ syngo.via by means of an in-
tegrated external interface. The software helps
doctors diagnose conditions by, for example,
comparing a patient’s latest scans with previ-
ous images. “It offers doctors extra value and
helps us to sell hardware,” says Kress. “In this
way, vertical IT becomes a competitive advan-
tage for Siemens.”

Customers too benefit from vertical IT’s ad-
vantages. For example, one automaker has
succeeded in cutting its development time al-
most in half by using end-to-end engineering
solutions from Siemens. These solutions in-
cluded NX software for design, computation,

When Trees Talk. Human beings mastered
the global data network (otherwise known as
the Internet) a long time ago. Now, machines
are beginning to do the same thing. In a trend
that is opening up broader horizons in the In-
ternet of Things, intelligent control centers, for
instance, are starting to use their interfaces to
communicate directly with one another (see p.
52). “We expect that by 2020 there will be 50
billion connected devices,” says Ericsson CEO
Hans Vestberg. The company has even
equipped a tree with an embedded system so
that it can send messages to the Internet. “Let‘s
suppose you have a forestry company,” says
Vestberg. “Wouldn‘t it be helpful to know how
the trees feel?”

In the summer of 2011 Siemens and Ger-
man science magazine “Spektrum der Wis-
senschaft” likewise equipped a 150-year-old
oak tree in the Botanical Gardens of Erlangen
with measurement technology. A particulate

cooling systems will communicate with the
network in order to balance out supply and de-
mand. Siemens and utility company Allgäuer
Überlandwerk GmbH have been testing an in-
telligent electrical grid of this sort for over a
year. “The conditions here are like those we ex-
pect to see throughout Germany in 2020,” says
Michael Fiedeldey, Allgäuer‘s Chief Engineer-
ing Officer (Pictures of the Future, Spring
2012, p. 46). 

By that time, cars may also be able to com-
municate with one another and with their en-
vironment in order to avoid accidents and opti-
mize traffic flow. If traffic is backed up beyond
a curve, for example, cars would warn oncom-
ing vehicles via wireless networks. Machines
will thus be talking with other machines in or-
der to save lives.

Revolution in the Making. Many branches of
industry are likewise interested in the Internet
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request the services it requires from individual
machines in the factory.”

In what could amount to a fourth industrial
revolution — following the introduction of me-
chanical production, mass production using
electrical energy, and the electronic automa-
tion of production processes — the Internet of
Things and decentralized control could make
such a high level of flexibility possible that sin-
gle-piece manufacturing will become prof-
itable. Such a trend could help to safeguard
jobs and competitiveness in high-wage coun-
tries. 

machine-to-machine communication). This
project, which is being directed by Wahlster
and funded by the German Federal Ministry of
Education and Research, is designed to ensure
that valuable resources such as energy, water,
air, and raw materials are used efficiently.

“But it would be wrong to assume that the
Internet of Things is exclusively focused on col-
lecting sensor data,” says Joachim Walewski of
Siemens Corporate Technology. “Actionable
knowledge must be generated from the data.”
It‘s not enough, for instance, for a sensor in a
materials-handling vehicle to be able to identi-

ments would then be transported faster, while
other packages would have to wait,” he says.
Embedded systems in containers, equipped
with a microprocessor, sensors, and a wireless
connection, would not only find the right
transport routes but also use temperature sen-
sors to monitor perishable goods, for instance,
and thus serve as a product memory (p. 61).

The “cloud” will play a central role in the fu-
ture of logistics as well — that is, the idea of
accessing processing power, software, and
memory on demand via the Internet. “All IT
processes for the handling and delivery of

Services for Everyone. This is precisely the
idea behind the “Internet of Services.” Here,
the global computer network is transformed
into a concourse of software modules that can
easily be combined to form higher-grade serv-
ices because they use standardized interfaces.
In pursuit of this goal, Michael ten Hompel‘s
institute has already converted a distribution
warehouse in Duisburg, Germany to cloud
technology. 

“Our cloud server offers 31 different ‘busi-
ness objects‘ as software modules. These
range, for example, from warehouse manage-
ment and receiving. They come from about a
dozen different vendors, and it will be easy to
combine them, because they all adhere to
binding standards,” ten Hompel says. The
warehouse was ready for business after only
two weeks — instead of the months-long lead
time that is normally needed.

Tomorrow’s Internet of Services may also be
able to make our lives easier. Some re-
searchers, for instance, envision an online
marketplace that can supply and combine
services for everyone. Thus, in the event of a
breakdown in a home’s heating system, a

homeowner would no longer have to arrange
visits with workmen. Instead, a call for help on
a service platform would be enough. Using se-
mantic technologies, the system would recog-
nize the problem and the seriousness of the
situation depending on the season and on
weather predictions. The system would then
automatically find the right workmen and —
based on the calendars of all those involved —
coordinate the job. The prerequisite for this is a
standardized description of services of the sort
provided by the “Unified Service Description
Language” (USDL). USDL was developed within
the framework of Germany’s “Theseus” IT re-
search program  in which Siemens played a
leading role.

Similarly, autonomous services in the Inter-
net will play an important role in the intelligent
electrical grid of the future — in the form of
software agents that independently buy and
sell energy on behalf of consumers and power
producers. Prices on such a virtual power ex-
change would not depend solely on supply
and demand (as is now the case), but would
also take into account past experience and
forecasts (p. 68, and previous issue, page 99). 

In addition, machines that perform the
same duties in factories will be able to flexibly
switch from one production run to another
without central control system intervention.
Wahlster calls this “Plug and Produce,” is analo-
gous to the “Plug and Play” technology in PCs. 

Siemens is coordinating a European Union
project called “Internet of Things at Work,”
which is designed to make precisely this type
of new flexibility possible in production. Within
the framework of “Industrie 4.0,” the company
is also participating in the RES-COM project (re-
source conservation through context-activated

fy a red circle. The system has to know that the
vehicle is moving in a certain direction and ap-
proaching a traffic light — and it has to draw
the right conclusion, in other words, that it‘s
time to brake.

Prof. Michael ten Hompel, the Managing Di-
rector of the Fraunhofer Institute for Material
Flow and Logistics in Dortmund, likes to com-
pare data packets to freight containers, and
refers to “logistics à la Internet.” In the future,
packages will find their way through logistics
networks by themselves, by engaging in nego-
tiations with their environment. “Urgent ship-

freight could be shifted to the cloud,” says ten
Hompel. “Then an RFID scanner, for instance,
would be connected not to a server in a ware-
house but to a computer somewhere in the
cloud.” There, shipments would access a whole
marketplace of services as they made their way
from their point of origin to a recipient —
much like a software module that records the
arrival of goods and stores that information in
a database. Small applications of this kind
could be assembled like Lego blocks into more
complex services as needed, and a variety of
providers might offer such services.

Physicians can observe images on a touchpad for non-diagnostic purposes or a monitor and transmit them to other locations.

In the future, packages will find their way through logistics networks by communicating with their surroundings.

Wind turbines “talk” with one another to optimize their output. In Erlangen, an oak tree equipped with measuring devices "twitters" information about its current state.

In the future, the enormous amount of data
on the Internet will become the foundation for
new services. There may be services for build-
ings and homeowners based on patterns of
daily electricity demand according to season,
services for traffic planners based on traffic
volume depending on the time of day, and
services for building automation systems
based on weather forecasts. For instance, if a
building knows ahead of time that a warm
front is approaching, it can slowly begin to
turn down the heating in advance. 

A network augmented with experience can
even detect the imminent failure of a compo-
nent. For example, using thousands of sensors
that feed their data to neural networks, gas
turbines from Siemens can monitor their own
operations in order to optimize the effective-
ness of turbines. 

Siemens collects this data from approxi-
mately 400 plants around the world and uses it
to predict wear on parts and to ensure that
they are replaced before they break down. Pre-
ventive repair instead of a sudden failure — it‘s
to everyone’s advantage to give machines a
say about what happens! Christian Buck



Prof. Elgar Fleisch, 44, is a
Director at the Institute of
Technology Management at
the University of St. Gallen
and also holds the Chair for
Information and Technology
Management at the Swiss
Federal Institute of Technol-
ogy (ETH Zürich). His research
work focuses on the eco-
nomic impact and the infra-
structures of ubiquitous com-
puting. Together with a global
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Fleisch and his team are
studying possible infrastruc-
tures for the “Internet of
Things.” The researchers in his
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ity and water demand, and
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ogy-based innovations for the
insurance industry. Fleisch is
the co-founder of several
spin-offs and a member of
various management boards
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mittees.

Coming Soon: Plugging the Internet into the Physical World

Internet of Things | Interview

What will the world be like when the 
Internet of Things (IoT) becomes a 
reality? How will the way we communi-
cate change — and the way we manu-
facture goods?
Fleisch: The IoT will mark the third wave of in-
novation — the first two were the Ethernet
and the Internet. However, it’s extremely diffi-
cult to predict what types of applications it will
result in. We can predict technologies but not
the success of an application. That was the
case with the Internet as well. Virtually noth-
ing that has come out of it — like social net-
works, for example — was predicted by any-
one. I am sure, however, that the IoT will make
the world appear more natural again. Comput-
ers will disappear and computer intelligence
will make its way into objects. The smart-
phone will be the computer of the future. Be-
cause the IoT will link the physical world and
the Internet, there will also be a large number
of devices with their own websites and appli-
cations. Basically, physical objects will become
part of the Internet.

For instance?
Fleisch: Just imagine a watch you can use to
call for help in an emergency, dolls in chil-
dren’s rooms that analyze the ambient air,
walls that are also display screens, windows
that generate energy, counterfeit-proof med-
ications, products that know how they need to
be assembled, machines that call in mainte-
nance engineers, and much more. The possi-
bilities are endless — our imagination alone
will determine what we can accomplish. Re-
member that some of the fantastic things we
used to see in James Bond movies are now a
reality. The IoT will make the world more
measurable because every object will be able
to communicate its location and condition. 

What benefits will all of this offer?
Fleisch: We will be able to measure every-
thing exactly because we’ll always know
where products and components are located
at a given time and what condition they are in.
This will enable us to manage things much

more precisely. Patients will always get the
right medications, farmers will always know
what each of their 5,000 cows needs, and
buildings will ventilate rooms in line with the
conditions at a particular time. All of us will
benefit from greater simplicity, convenience,
accuracy, enjoyment, and safety. There will be
drawbacks, however. For one thing, we’ll be-
come more dependent on technology. We’ll
also have to be more careful with the issue of
privacy because we need to ensure that indi-
viduals maintain ownership of their data and
can decide for themselves what’s done with it.

So you see a risk here in terms of our data
becoming transparent? 
Fleisch: It’s true that the line between the pri-
vate and the professional realms will become
increasingly blurred. But our world has always
been marked by tension. Trends never move
solely in one direction. If one trend starts to
dominate, there will immediately be a coun-
tertrend. In other words, people will find ways
to protect themselves, but we still need to en-
sure that we always have freedom of choice.
Whether or not it will be easy to deal with
such freedom is a different question.

You view the IoT as a Europe-centered
technology — why?
Fleisch: Because the Internet of Things actu-
ally began in Europe. There were forward-
looking thinkers in the U.S. in the 1980s — for
example, at the Rank Xerox Research Institute
and the Massachusetts Institute of Technol-
ogy. But it was the Europeans who got things
moving. The Chinese are now heavily involved
as well, because their economy still focuses on
the production of physical goods. Remember,
the IoT involves the merging of the physical
and computer worlds. To accomplish this, you
need real products, electrical engineers, au-
tomation experts, and software developers —
and the expertise for all of this is centered in
Europe. This is a great economic opportunity,
and the nations that take on a leading re-
search and development role in the IoT will be
able to safeguard jobs over the long term.
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How will the IoT change learning and
studying? What might an IoT university
look like?
Fleisch: I’m quite certain that educational sys-
tems will change dramatically. The simple
communication of knowledge will become au-
tomated in order to benefit everyone. A likely
development will be well-structured video lec-
tures. But students will still need to have per-
sonal contact with instructors in order to cover
many complex subjects. I would imagine that
an IoT university would allow students to ob-
tain knowledge at a pace that suits them. A lot
can be done in an IoT environment. For exam-
ple, people will be able to point their smart-
phones at paintings, buildings, machines and
so on. The target device will then collect infor-
mation about the object from the Web — but
the degree of detail will be adjusted in line
with the user’s age and education level. 

Might Internet 2.0 widen the gap 
between rich and poor?
Fleisch: Technology has always been used as
an instrument of power. There’s no doubt that
dictatorships will try to establish new trends
that increase their power — but democracies
can also benefit significantly from technolo-
gies that enable their citizens to participate in
social processes. I’m convinced that mobile
communication technology will give a lot
more people access to the Internet in the fu-
ture. I also believe that the IoT will generally
have a democratizing effect and that it can in-
creasingly benefit less prosperous segments of
society. 

In what ways do you expect the IoT to be
linked with social media? 
Fleisch: It will be linked to them very closely.
For example, you will be able to choose the
kinds of information that will appear on your
Facebook page, and you will also make your
physical surroundings visible to others by post-
ing an image of a cafe, a book, a car, or a doc-
tor’s office. All you will need to do is to point
your smart phone and click on “Like” — or not
click anything. Interview by Susanne Gold.
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Professor William Brian
Arthur, 67, is a mathemati-
cian and economist. At pres-
ent, he is serving as a guest
scholar in the Intelligent 
Systems Lab at the Palo Alto
Research Center (PARC). His
work focuses on fundamental
economic and technology de-
velopment issues. While work-
ing at the Santa Fe Institute,
Arthur developed a theory
that views the economy as a
complex system that develops
within the framework of an
evolutionary process. In his
latest book, “The Nature of
Technology,” Arthur examines
the question of how innova-
tions are created. He believes
that networked computers
and sensors are forming a 
digital nervous system that
will autonomously control 
our economy in the future.

Next: An Automated Economy

Internet of Things | Interview

Professor Arthur, what does the term
“Second Economy” mean?
Arthur: Right now, I’m sitting in an office at
Xerox PARC in Palo Alto — in other words, in
the middle of Silicon Valley. It therefore makes
sense for me as an economist to take a closer
look at the so-called digital revolution, which
most people associate with two things: com-
puters and the increasing level of networking
between them. Still, it seems to me that some-
thing more complex is going on, namely that
more and more business processes are being
carried out by machines without any human
involvement whatsoever. In other words, a
second digital economy in which servers “talk”
to each other and conduct transactions is now
taking shape alongside the economy we’re fa-
miliar with — the one that involves physical
objects and services provided by people.
That’s what I mean by the “Second Economy.”

How does this business world of 
machines work in practice?
Arthur: When you went to an airport 20 years
ago, you walked up to a counter where some-
one checked you in. Today, you insert a fre-
quent flyer or credit card in a terminal and im-
mediately trigger a “conversation” between
computers all over the world: Once your name
has been recognized, computers check the
status of your flight and gather data on your
past flights, after which your information is
compared with the databases of government
authorities. The machines then assign you a
seat, update your mileage status, and deter-
mine whether you’re entitled to access airport
lounges. These “conversations” are carried out
by servers, routers, satellites, Internet comput-
ers, and other machines. It is only after all
these operations have been carried out that
you’re issued your boarding card. The entire
process is largely autonomous without any hu-
man involvement. After it’s completed, the re-
sults “appear” in our familiar physical world.

What role does the Internet play here?
Arthur: It plays a major role, but not all ma-
chine-to-machine communication is carried
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NASA’s Mars Science Laboratory mission — which includes the latest rover, popularly known as 
Curiosity — is the most technologically complex project in the space agency’s history. Developed 
and tested using Siemens design and simulation software, it is an example of the seamless 
communication that is developing among machines — the meeting of the real and virtual worlds.

Meeting on Mars
Internet of Things | Virtual Worlds

In August 2012, Curiosity landed on Mars 

and began to explore the planet’s surface. 

The entire system was developed and tested

using Siemens simulation software.

Thirty-six weeks in the unspeakable cold of
outer space and a 567-million-kilometer

voyage at speeds of over 76,000 km per hour
were just the beginning. As the Mars Science
Laboratory (MSL), a $2.5 billion, 900 kg rover
the size of a small car streaked into the Martian
atmosphere on August 5, 2012 it was still trav-
eling at 21,000 km per hour. At that moment it
had seven minutes to reach a landing speed of
less than two kilometers per hour — or crash.

In order to touch down gently enough to
avoid damaging instruments designed to
search for the chemical ingredients of life,
hundreds of complex steps had to be executed
flawlessly and without human intervention.
How did engineers prepare for such a chal-
lenge — one that could not be tested on Earth
because our atmosphere is 100 times thicker
than that of Mars? “Well,” says Chuck Grind-
staff, President and CEO of Siemens PLM Soft-
ware (product lifecycle management), a busi-
ness unit of the Siemens Industry Automation
Division, “NASA’s Jet Propulsion Laboratory

(JPL) designed the whole thing using our simu-
lation software — everything from thermal
analysis to the multi-physical interactions the
vehicle would encounter as it entered the Mars
atmosphere. Our software was in the center of
solving all of it.”

Daren Rhoades, a Senior Product Develop-
ment Manager at PLM Software’s Cypress, Cali-
fornia development center who, until recently,
was a member of the NASA team that devel-
oped the MSL (Curiosity) mission, adds that,
“There were subsystems that I worked on
where simulation allowed us to go from con-
cept to detailed parts, to assembly and testing
entirely within the virtual world.” MSL’s crucial
landing sequence — what NASA called “7 Min-
utes of Terror” — for instance, was optimized
in the course of 8,000 simulated landings.
“The significance of being able to go from sim-
ulations to real-world deployment,” says
Rhoades, “is huge.”

It really is. Consider, for instance, the Sky
Crane, a never-before-used system designed to

brake the Rover’s final descent and gently
lower it to the Martian surface. PLM software
simulated the dispersion of the plumes of fire
from the Crane’s rocket engines to ensure that
they would not damage the rover or the har-
ness it was attached to. “Not only did the ca-
bles have to let the rover down flawlessly with-
out interference from the flames,” explains
Joel Rooks, PLM Account Executive for NASA,
“but there was a kind of umbilical cord that
kept the rover tethered to the Crane until the
split second before the crane took off. Every-
thing had to separate at once. To do this, there
were little guillotines that had to simultane-
ously sever all those lines. All of that was simu-
lated using our software.”

Complexity was also a major issue. The en-
tire assembly consisted of approximately
90,000 custom-made parts, many of which
were allowed to deviate from design by only
100 micrometers — about the width of a hu-
man hair. What’s more, to minimize wasted
space, those parts had to be folded into an ex-
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A Nervous System of  Networked, Intelligent Things

Smart planet
Environment 

Environmental sensors
Water and power leak detection 

Pollution and weather monitoring

Smart cities
Networked communities 

Lighting, water management
Monitoring and security
Traffic guidance systems

Smart energy
Electricity grid 

Voltage and output sensors
Smart meters, intelligent power grids

Error detection

Smart buildings
Intelligent buildings 

Thermostats, HVAC, lighting
Motion sensors and actuators

Networking — Internet and smart grids

Smart transport
Trains, hybrid and electric vehicles 

Electric mobility, high-speed trains,
 communication between vehicles and
 between vehicles and infrastructure

Smart industry
Industrial environment 

Production control and logistics
Security, lighting, actuators 

Robotics

Smart health
Health care systems 

Digital networking in the health care sector
Laboratory and medical devices,

 biosensors, telemedicine

Smart living
Entertainment and leisure 

Independence through technology
Information called up at any time
“Always on,” augmented reality

out via the Internet because most internal dig-
ital business processes are conducted via pri-
vate networks, for example. So the Internet
does play an important role in the Second
Economy, but it’s not the only system in-
volved.

What’s driving the Second Economy?
Arthur: Networked machines help make
many processes faster and less expensive.
They also make it possible to distribute
processes worldwide. Moreover, it’s not just
computers but also an increasing number of
sensors that are being linked around the
world. Trucks carry cargo with RFID tags that
communicate with sensors, for example, and
those sensors talk to computers that them-
selves are networked with other computers in
a system that optimizes supply chains. What
we’re seeing is the dawn of an economy that’s
becoming increasingly automated thanks to
sensors. This is also having a real effect on our
everyday lives and will continue to do so. For
example, I believe that in around ten years,
you’ll be able to drive in Los Angeles in vehi-
cles with an autopilot function whose sensors
allow them to determine the position of other
cars. There will also be intelligent traffic lights
that optimize traffic flows. Once again, all of
this involves machines that communicate with
other machines — automobiles with other ve-
hicles in their vicinity, and automobiles with

traffic guidance systems. In other words, we’re
moving toward an autonomous economic sys-
tem that can be compared to the human im-
mune system, which also operates autono-
mously rather than being centrally controlled
by the brain.

What impact will all of this have on the
economy of tomorrow?
Arthur: Take production, for example. Here
we’ll be seeing robots whose sensors enable
them to recognize specific situations and re-
spond flexibly to them. They will no longer be
blind, so to speak. And that means they won’t
be limited to rigid predefined tasks. This will
increase efficiency and cause manufacturing
industries to expand once again in the U.S,
and Europe, which in turn could create and
safeguard jobs in high-wage regions.

But isn’t it also true that increasing levels
of machine autonomy will result in a loss
of jobs?
Arthur: Yes, those people that used to check
you in at the airport immediately come to
mind. We’re moving toward an economy that
will produce more things than we ever could
have imagined. The economist John Maynard
Keynes predicted 80 years ago that we would
be able to manufacture a tremendous volume
of products and provide a huge number of
services in the future. He said that the prob-

lem would be how to distribute this wealth.
We will probably have more free time in the
era of the Second Economy because machines
will do a lot of the work for us. Society will
need to address this challenge, whereby one
answer might be to subsidize new jobs — for
example, in the social services sector — for
the interest of the public at large. Perhaps
we’ll also have shorter working hours and
more vacation, which would allow the work
that remains to be better distributed. The road
might be quite rough here because a lot of
jobs considered secure could disappear as we
move through the transition.

How quickly do you expect the Second
Economy to grow?
Arthur: It’s already important because many
processes are now carried out autonomously
on Wall Street and in other financial markets,
for example. Still, no one knows exactly how
big the Second Economy is at the moment. I
would estimate that it’s already half the size of
the traditional economy and will catch up to it
by 2030. It’s going to be a huge upheaval.

You’ve described this as the biggest 
upheaval that the global economy has
ever experienced. Why?
Arthur: I’m more or less skeptical by nature —
but the changes that will be brought about by
the Second Economy are simply huge. We’re
not just talking about greater productivity; in-
stead we’re looking at a transformation of the
character of the economy. During the indus-
trial revolution, steam engines and electric
motors increasingly took over production —
machines suddenly became the “muscles” of
the economy. Today’s networked sensors and
computers are creating a “nervous system”
that autonomously and intelligently controls
these muscles without human intervention.
That’s why I think the upheaval will be at least
as big as the industrial revolution, probably
even bigger.

Will this new world be better than the
one we live in now?
Arthur: There’s definitely a very good chance
that it will be — provided we address certain
issues like ensuring a good education for
broad segments of the population and a fair
distribution of jobs. However, if we simply 
observe this development without doing 
anything, we may see social tensions rise. 
We could learn a lot here from the problems
associated with the industrial revolution as 
described in the novels by Charles Dickens. 
Society ultimately solved these problems, and
I’m optimistic that we’ll succeed in doing so in
the future as well.

Interview conducted by Christian Buck.
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supplier and the automotive industry’s largest
seating supplier.

Out-of-this-World Advantages. Among the
many reasons for such successes is the fact
that Siemens PLM Software helps its cus-
tomers to cut costs and become more effi-
cient. For instance, as it has integrated PLM
technology with its manufacturing operations,
Samsung Electronics has been able to reduce
its use of physical prototypes by 30 percent,
thereby cutting errors by 50 percent in first
production runs, and accelerating develop-
ment time by 30 percent, says Grindstaff.

So how much productivity did NASA gain
on its latest ticket to Mars? The amount, says
Rhoades, is impossible to quantify because,
unlike virtually every earth-bound product,
MSL is one-of-a-kind. “It isn’t as though they
started out with a two-ton version and cut it to
one,” he says. What is clear is that the Curiosity
/ MSL mission has set a new standard for inte-
grating everything from concept to production
and testing. Says Siemens Industry CEO Prof.
Siegfried Russwurm, a member of Siemens’
Managing Board, “In the past, processes were
sequential. What NASA was able to do with the
Mars rover was a paradigm shift, an integrated
database, an integrated approach from prod-
uct design to production design — a seamless
transition from the virtual world to real pro-
duction in one consistent database for hun-
dreds of engineers working on one consistent
model.”

Adds PLM Account Executive Rooks, “MSL
was the most technologically-complex project
NASA has ever had. What’s important is that
our tools helped them to simulate and opti-
mize everything, and when they tested it and
flew it to Mars, it worked.” Arthur F. Pease

The entire unit consisted of around 90,000 parts, many of which were allowed to deviate from design by only 100 micrometers — about the width of a human hair. 

Uncertainty Quantification: 
The Next Step in the Science of Simulation

Whether you’re sending a laboratory to Mars or crossing Europe in a high-speed train, there are innu-

merable phenomena that are virtually impossible to predict, and they all add up to one overwhelming fac-

tor: uncertainty. So why not try to quantify uncertainty itself? That’s what Dr. Utz Wever and Dr. Meinhard

Paffrath, both specialists in simulation and mathematics at Siemens Corporate Technology (CT), are work-

ing on. Their focus: railway wheelsets. “Wheelsets — including axles — are the top safety item on a train,”

says Wever. “They also account for a significant proportion of operators’ maintenance costs.” With this in

mind, the researchers are developing a new way of looking at these crucial parts — a method that amounts

to a virtual inspection. Normally, inspections rely on ultrasound to determine whether cracks are present. If

a crack is found, the part at fault is scrapped. But a lot of the time inspections don’t find anything because

the probability of finding a crack with at least the minimum depth during an inspection is itself a random

number. After all, the factors that cause cracks — things like loads, speeds, and temperatures — constantly

fluctuate. “Our approach is radically different,” says Wever. “What we want to do is to predict crack size so

that inspections take place only when the probability of discovering a crack is high enough to warrant the

cost of an inspection.” Adds Paffrath: “As we move toward that goal, we are currently computing failure

probabilities for fixed inspection intervals.” To do that, Wever and Paffrath started out with a program from

Germany’s Fraunhofer Institute that computes crack growth without consideration of uncertainties and in-

spections. They then “added sophisticated algorithms to the program in order to compute failure probabili-

ties for different inspection

scenarios.” And the result?

The software is now being

evaluated on a pilot basis by

Siemens Rail Systems in

Graz, Austria. “We are now at

the point where we can de-

velop predictions of crack

sizes, thus reducing the un-

certainty of expensive but

unnecessary real inspec-

tions,” says Wever. “We will

then compare the results of

the real inspections with our

predictions. The initial results

look promising.”
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traordinarily dense package, while neverthe-
less allowing just enough wiggle room for the
extreme shaking of launch and reentry, as well
as the expansion and contraction of different
materials under temperature variations of as
much as 1,648 degrees Celsius. “To design
things that are that densely packed requires
new capabilities and new techniques,” says
NASA Director of the Mars Exploration Pro-
gram Doug McCuistion. “We used a lot of sys-
tems from Siemens to help us do this.”

“It was important to design all system parts
so that they would not touch each other and
potentially cause damage,” adds PLM Solutions
Consultant Kent Rash. “The only way to ensure
that, given the different materials involved,
was to have a finite element model — FEM —
of each, which is a method for dividing com-
plex surfaces into small elements that can be
calculated in relation to each other.”

From Models to Manufacturing. And that’s
where one of PLM’s primary software tools —
NX — comes in. NX brings products to life by
not only producing CAD (computer-aided de-
sign) models, but also through the use of com-
puter-aided engineering (CAE), a process that
imbues a design with related functional and
physics-based data, such as how much stress
or heat a part can safely withstand given the
material it is made of. And because many parts
in machines are designed to move and interact
with each other, NX can perform so-called
“kinematic simulations,” allowing engineers to
“animate and test even very large assemblies
in the context of events that might happen in
the real world — such as a rover landing on a
rock, and figuring out the stresses that would
impose on the entire structure,” says Rhoades.
NX is also a computer-aided manufacturing

(CAM) tool. “NX programs were used to gener-
ate the code that drove the machines that
manufactured the parts for the MSL mission,”
says Rhoades. “You start out with the original
NX CAD model of a part in the virtual world,
define which tools will produce it, and then ac-
tually run a machine using the NX CAM soft-
ware based on the original CAD model that
you used for your finite element analysis.” This
process offers many advantages, the most
meaningful of which for a multi-billion dollar
space mission is accuracy. “The accuracy you
can achieve from using a digital model com-
bined with computer numerical control (CNC)
in parts production is tremendous,” adds
Rhoades. “By the time the MSL had been built,
many of its machined parts were off by no
more than the width of a human hair.”

Connecting Desks…and Industries. Not
only do complex projects require exceptional
simulation software, they also demand sys-
tems that allow large teams of engineers to
collaborate securely on the same project. And
when it comes to “connecting the desks,” noth-
ing beats PLM’s Teamcenter software. “Team-
center is the critical supporting system that
permeates the entire engineering design
process,” says PLM CEO Grindstaff. “By provid-
ing a set of applications for things such as re-
quirements management, project manage-
ment, regulatory compliance, and design data
management, it is the backbone of the design
process.” Indeed, as is the case with NX, Team-
center is used not only for all of NASA’s Jet
Propulsion Laboratory flight missions, but by
SpaceX, which, in May 2012, made history
when its Dragon spacecraft became the first
private commercial vehicle to successfully dock
with the International Space Station.

Seven Minutes of Terror. Lowering the rover to the Martian surface on cables was a particularly delicate maneuver. The landing phase was simulated 8,000 times. 

Why do organizations like NASA and
SpaceX turn to Teamcenter? “Simple,” says
Rhoades, “because no part in a space vehicle is
unimportant. Not only does Teamcenter mini-
mize the possibility of human error by ensur-
ing that each authorized participant sees only
the latest version of the project data he or she
is working on, but it makes it possible to trace
every single part back to its original design,
analysis, and manufacturing data. And when a
design is approved for manufacturing, it is doc-
umented as such by Teamcenter. All of this can
add up to huge potential savings.” 

Not surprisingly, high-flying industries are
not the only ones to have taken notice of the
competitive opportunities offered by virtual
prototyping and collaborative development.
“We have 70,000 customers,” says Grindstaff,
who points out that the total market Siemens
PLM Software addresses is around $20 billion
per year and is growing at an annual clip of
five to seven percent. “We are the leaders in
collaboration and data management. We are
the leaders in digital manufacturing, and we
are a strong number two in mechanical
CAD/CAM,” he says. 

What’s more, the company is on an impres-
sive run with major new contracts. It recently
signed a ten-year agreement with Boeing to
expand the use of PLM technology, as well as a
worldwide agreement with Daimler to develop
all its products and factories in a Teamcenter
and NX environment. “The introduction of par-
allel processes in development, design, pro-
duction planning, and production will further
optimize Daimler’s entire value chain, allowing
it to produce better products faster,” says
Grindstaff. The company has also recently
signed major contracts with Chrysler and John-
son Controls, a top-ten, tier-one automotive



Pictures of the Future | Fall 2012 59

The automobile industry is characterized by complex supply chains. To head off potential disruptions,
researchers at Siemens Corporate Technology have developed an ecosystem of software agents that
use RFIDs to detect and evaluate production problems and communicate with downstream systems.

Agents for the Auto Industry
Internet of Things | Networked Logistics Chains

An RFID-based project is developing a control 

system that will help manage logistics in the 

automotive industry. Image: Agent-based soft-

ware compares actual and target events.

The idea is as simple as it is brilliant. A
reader generates a high-frequency electro-

magnetic field. When a transponder (tag) gets
close to the reader, the special structure of the
tag alters the magnetic field and in doing so
sends specific information about itself. This is
the principle behind Radio Frequency Identifi-
cation (RFID), which enables objects to be
identified using electromagnetic waves.

These days, RFID tags can be as small as a
grain of rice and it’s already impossible to
imagine life without them. You’ll find them in
supermarkets, brand-name jeans, government
identity cards, and even implanted under the
hide of dairy cows, where they provide a wide
range of information about the best nutrition
for each animal. RFID tags are also implanted
in people — for example, in the U.S. in order to

rapidly call up vital patient data in emergency
rooms. 

“Nevertheless, we have yet to fully exploit
the potential of RFID technology, especially in
manufacturing,” says Dr. Raffaello Lepratti
from Siemens Industry Automation in Nurem-
berg, Germany. “Our RFID-based Automotive
Network (RAN) project goes far beyond simple
product identification. In fact, we’re develop-
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ing a cross-company RFID-based material flow
control system for the automotive industry,
which plans to become the first sector to intro-
duce this technology as an industry-wide stan-
dard.”

The RAN project is receiving more than €20
million in funding from the German Ministry of
Economics and Technology. “RAN is a consor-
tium of 18 partners,” says Lepratti, who also
serves as RAN’s Project Manager. “It includes
automakers Daimler, BMW, and Opel; automo-
tive suppliers such as Bosch and Rehau; logis-
tics companies such as BLG and DHL; software
firms such as IBM and SAP; and research insti-
tutes such as the Institute for Machine Tools
and Industrial Management at the Technical
University of Munich. In the consortium,
Siemens is responsible not only for production
planning and control but also RFID infrastruc-
ture. As a consequence, it is developing speci-
fications for tags, readers, and the software
agents needed to manage the systems.” Soft-
ware agents are software modules that work
autonomously and can communicate with one
another (see p.68).

Sensitive Supply Chains. The automotive in-
dustry has undergone a huge transformation
over the last few decades. In particular, over
the years it has been compelled to develop and
produce ever more complex vehicles that are
offered in an increasing number of versions. In
order to master this challenge, automakers
have had to transfer large portions of the value
chain to suppliers that themselves obtain com-
ponents from external companies. 

Every automaker thus operates a highly
complex value and supply chain that typically
encompasses around 50,000 links in the form
of suppliers and sub-suppliers. The result is a
system in which even the slightest disruption
can have an impact on the assembly of the fi-
nal product. “In extreme cases, the entire pro-
duction process can come to a halt because a
supplier’s truck carrying a part that costs less
than a €100 gets caught in traffic,” says Dr.
Steffen Lamparter from Siemens Corporate
Technology (CT) in Munich. 

The RAN consortium includes both au-
tomakers themselves (OEMs — original equip-
ment manufacturers) and first and second-tier
suppliers. “Let me give you an example of a
very basic supply chain,” says Lamparter. “A
tier 2 supplier provides a tier 1 supplier with
parts for car seats. The tier 1 supplier then puts
together the seats and sends them to the
automaker’s plant, where they are fitted into
vehicles on an assembly line.”

Such supply chains are planned down to
the last detail and chronologically coordinated.
Some supplier products are delivered “just in
time” — in other words, exactly when they
need to be installed. This approach has the ad-
vantage of keeping warehousing costs low.
“However, if there’s a problem while the parts
are being delivered, the next link in the chain
usually doesn’t find out about it until the com-
ponent arrives late,” Lamparter explains. “At
that point, it’s almost impossible to re-plan the
production operation.”

RAN’s goal is therefore to eliminate the
communication deficit between supply chain
partners through a unique new approach. The
concept involves establishing an RFID-based
information infrastructure that enables the
production lines in all the links of the chain to
talk to each other in real time. That means be-
ing able to recognize and receive information
about supply-chain disruptions at an early
stage. “With RAN, automakers can see beyond
their own operations,” says Lamparter. “They
can then analyze disruptions to a supplier’s op-
erations soon after they occur and take appro-
priate action.”

This feat is made possible by software
agents that allow individual production lines to
communicate across company boundaries and
automatically coordinate their activities. These
software agents act like virtual robots in accor-
dance with the principle of “receive, think, and
act.” The agent receives data, processes it, and
forwards new information to a system that
takes the required actions.

“We’ve already created the RFID infrastruc-
ture with tags, readers, and agents,” Lamparter
reports. “To show our partners how the system

works, we’ve also built a prototype facility that
consists of a simple chain including a manufac-
turer and tier 2 and tier 1 suppliers.” 

The role of the suppliers and sub-suppliers
is played here by two SmartAutomation test fa-
cilities operated in Karlsruhe and Nuremberg
by the Siemens Industry Sector’s Advanced De-
velopment department. A facility at the Tech-
nical University of Munich in Garching serves
as the OEM. 

To make things easier, the facilities don’t ac-
tually produce real automobile parts but rather
bottles that stand for transmission compo-
nents. “Karlsruhe manufactures and packs
glass bottles that are then virtually transported
to Nuremberg in a simulated truck shipment,”
Lamparter explains. “After the bottles arrive,
they are filled with solid materials of different
shapes and colors. Every bottling operation
represents the installation of a certain trans-
mission component.” The filled bottles are vir-
tually sent to Garching, where they are re-
placed by real transmission components that
are then assembled.

Software Agents at the Factory Gate. The
tier 1 supplier operation in Nuremberg clearly
demonstrates how RAN works. All of the pal-
lets loaded with empty bottles are fitted with
RFID tags that each have their own unique
code number. The parts are scanned at the
“entrance gate,” then again with hand scan-
ners during production (bottling), and a final
time at the “exit gate.” Software agents near
the gates and scanners record the identifica-
tion codes and forward the data to a central
collection unit known as an information bro-
ker. Each code entered is supplemented by in-
formation on where a specific part was located
at a certain time. The complete information
package is known as an “RFID event.” 

“The big advantage of RFID tags compared
with conventional barcodes becomes clear
when you consider that a barcode scanner
needs to have direct optical contact with a
code,” says Lamparter. “With RFIDs, we can
scan entire pallets while they’re still on a fork-
lift. In other words, we don’t have to unpack

In a lab test, a truck is late, resulting in an immediate predicted drop in production capacity utilization (red curve). Right: Merchandise undergoes RFID scanning. During production, merchandise is constantly scanned, producing a real-time overview. All data flows into a central collection point for processing.



SIPAT software from Siemens helps pharmaceutical companies
manufacture medications continuously rather than step by
step, thus increasing speed and efficiency. The program doesn’t
just monitor and manage production — it also enables com-
plete retracing of the stages of the manufacturing process.

Pills with Memories
Internet of Things | Production Software

Sensors measure the quality of raw materials, 

temperature, and humidity throughout 

pharmaceutical production processes. 

The data is processed by SIPAT software.

Granulating, drying, grinding, mixing, and
pressing — every batch of a medication,

in the form of capsules or tablets, undergoes
many different manufacturing steps in a pre-
defined sequence. Unlike the processes in
other sectors, manufacturing operations in the
pharmaceutical industry are periodically inter-
rupted in order to take samples, send them to
labs, and have them checked for quality. This
can take a long time, because each batch must
remain in quarantine for up to two weeks as it
awaits approval for the next production step.
And if it’s determined that a drug’s homogene-
ity or active agent concentrations do not corre-
spond to internal requirements, the whole
manufacturing effort may turn out to have
been in vain. The semifinished medications
will then end up in the garbage.

This type of stop-and-go manufacturing is
called batch production, and it’s standard in
the pharmaceutical industry today. However,
because it’s so drawn-out and fundamentally

inefficient, regulatory agencies such as the
U.S. Food & Drug Administration (FDA) have
begun to look for alternatives. Their goal is to
put in place systems that continuously monitor
and control the quality of raw materials,
process media, and intermediate products
throughout the manufacturing process. 

To this end, Siemens has developed a soft-
ware system known as SIPAT (Siemens Process
Analytical Technology). SIPAT can manage the
traditional batch production process while also
ensuring the prerequisites for continuous pro-
duction. It does this with sensors that con-
stantly evaluate the quality attributes of every
batch. For example, it measures the even dis-
tribution of active agents and substrates in
pharmaceutical mixtures through optical mon-
itoring in real time. “The absorption and reflec-
tion of light rays tell us when the mixing
process can be concluded,” explains Jürgen
Manz from Siemens Industry Automation.
“Regulations used to require that batches al-

ways be mixed for one hour — but now we can
stop mixing a lot earlier if our sensors give us
the O.K.”

Production Costs: Heading South. SIPAT is
the centerpiece of continuous process control.
It constantly calls up measurement values for
parameters such as humidity, temperature,
density, and the range of grain sizes. This en-
ables the system to determine during produc-
tion whether values are within the stipulated
range and implement countermeasures in the
event of deviations (closed loop control). In
the worst case, a defective batch will have to
be scrapped. “We save a lot of time because we
no longer need to carry out complex lab analy-
ses after each production step,” says Manz.
“The production of a batch now takes only ten
days instead of two months, and because
there’s no longer any quarantine time, capacity
utilization also increases.” 

SIPAT reduces manufacturing costs for
tablets and capsules by around 20 percent. It’s
therefore no surprise that pharmaceutical

companies like Merck and GlaxoSmithKline use
the software for research and production.

The system can check the quality of each
tablet, thus making it possible to completely
retrace the manufacture of individual prod-
ucts. This means the Internet of things has
now made its way into pill bottles as well, en-
abling digital product memory. Moreover, the
large amount of data collected from each pro-
duction plant gives pharmaceutical manufac-
turers valuable knowledge about their globally
distributed processes. “Spectral data from opti-
cal sensors can be combined with mathemati-
cal models to calculate the quality of specific
mixtures,” Manz explains. “Until now, such in-
formation about methods and models was
available only locally at individual production
sites. In the future, however, all of it will be
stored in a central SIPAT database that will en-
able pharmaceutical companies to share the
extensive resulting knowledge to further im-
prove their products.” Christian Buck
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Opening the Door to Automated Machine Tool Prognostics

From milling to drilling — machine tools are used worldwide to manufacture metal components for cars,

engines and other equipment. But when these machine tools malfunction, they can disrupt production and

create substandard products. A solution called Plug & Prognose is currently under development by Corpo-

rate Technology (CT) to resolve this problem. Machine tool operators are faced with increasing pressure to

reduce downtime and maintenance costs while upholding high standards of product quality,” says Linxia

Liao, a research scientist at CT in Princeton, New Jersey, who initiated the project while at Siemens’ Tech-

nology to Business Center in Berkeley, California. “Plug & Prognose effectively responds to this challenge by

streamlining the workflow for machine prognostics.”

Plug & Prognose identifies emerging faults without the need for machine physics modeling or special ma-

chine test cycles. The prototype software communicates with a machine’s controller to understand which

conditions the machine is operating under by collecting data from the machine and its sensors. It cus-

tomizes the analysis based on historical data related to associated operating conditions. Plug & Prognose

builds new analysis models when new conditions are identified. “Our prototype software adapts to differ-

ent machine usage, ensuring that the results are as accurate as possible,“ says Zachery Edmondson, Re-

search Group Head at CT. 

The system’s innovators are exploring applications in additional sectors. For example, the Plug & Prognose

model can be installed in wind turbines. Here it not only helps to maintaining turbine health, but minimizes

energy loss for customers. Healthcare applications are also imminent — paticularly in equipment used in

hospitals, clinics and private practices, where the system could ensure that all machinery is functioning

properly. “Although its current focus lies in industry, we are confident that Plug & Prognose will efficiently

and economically revolutionize machine prognostics across all sectors,” Edmondson notes. “In essence, we

are developing tomorrow’s machine prognostics solutions.” Carolyn Joiner

the pallets to perform the scanning operation.
It’s also possible to add information to RFID
tags. In contrast, a barcode contains only a se-
rial number and nothing else.”

The RFID events collected by the informa-
tion broker are called up by a host agent
known as the Production Assistance System
(PAS), which analyzes the events and com-
pares actual and target values. The PAS agent
can thus determine if the delivery in question
is proceeding on schedule or whether it’s late.
If there’s a problem, the agent can decide
whether it’s of a critical nature or whether it
can be corrected — for example, by using
stockpiled parts in the next link in the chain. If
a correction is not possible, the agent calcu-
lates new production commands that limit the
damage to a minimum — for instance, it
moves forward other production tasks that
don’t require the missing parts. The newly cal-
culated commands are then forwarded by the
host agent to the local production control sys-
tem. In Nuremberg, SIMATIC IT from Siemens
is used for this purpose. 

This system processes the new commands
and sends them to individual production units.
“In other words, the supervising PAS agent is
one of the core components of the networked
supply chain,” says Lamparter. “It’s the intelli-
gent switching station between the informa-
tion broker and SIMATIC IT — the reader and
the executor.” With RAN, RFID events at all the
participating suppliers are now sent to the cen-
tral information broker. As a result, the au-
tomaker’s PAS agent can — for the first time —
transcend the boundaries of its own location.
It receives information about supplier delays at
an early stage and can re-plan its own produc-
tion commands accordingly. The entire system
functions smoothly even in today’s global lo-
gistic networks. Whether the carrier is a ship,
truck, or plane — RFID scanning at transship-
ment centers or GPS-based cargo tracking can
register the entire value chain in a type of “In-
ternet of Things.” The network, in short, is
made up of invisible robots consisting of bits
and bytes — the software agents.

“The RAN project will end in late 2012,” says
Lamparter. “After that, RAN will have to prove
itself in normal operations.” Plans call for long-
term tests in conjunction with the automakers
involved in the project. “If the system demon-
strates its effectiveness, RFID-based logistics
chain management could become the stan-
dard for an entire industry for the first time,”
adds Lamparter. 

And beyond the auto industry? “Theoreti-
cally, our system can be utilized in any manu-
facturing sector — even in the pharmaceutical
and food industries,” says Lamparter. “All you
need is a place to attach an RFID tag.”

Nils Ehrenberg
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Cheap labor is no longer China’s main strength. Having launched a process of fundamental structural
change, the onetime “workbench of the world” is now achieving success with complex products that
require sophisticated solutions for associated automation and information management systems. 

Great Leap in the Making 
Internet of Things | Automation in China

Increasing numbers of Chinese automakers — 

including Chery Automobile and Geely (right) —

are using Siemens’ solutions to optimize their

production processes.

China has evolved into the world’s second-
largest economy. And many signs indicate

that it will overtake the U.S. to become the
world’s number one economy before the end
of this decade. During the first phase of this
tremendous economic transformation, one of
China’s greatest strengths was a seemingly
bottomless pool of labor that gave the country
its reputation as the “workbench of the world.”
However, all that success has created a new sit-
uation. The country is now more affluent and
will soon lose interest in lingering at the lower
end of the value chain.

As early as 2001, the provincial govern-
ment in Guangdong began implementing a
structural transformation program that pro-
vided incentives to companies in technology-
intensive sectors. This strategy has led to
sharply rising wages. The average monthly
salary of an industrial worker in the Shenzhen
region is now approximately €320, for exam-
ple. By comparison, the legally mandated mini-
mum wage in Cambodia currently totals only
€50 per month. One of the consequences of
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analysis, or VSA, which is a form of dimension
analysis that simulates manufacturing
processes with the help of three-dimensional
computer-generated models. VSA is designed
to identify weak spots in the production
process before manufacturing operations be-
gin. Chery, for example, used VSA to identify a
problem in the production of a headlight for a
certain model — and this single software diag-
nosis ended up saving the company roughly
$150,000. “This also enabled us to avoid pro-
duction delays, of course,” says Wu. 

Siemens PLM solutions such as Tecnomatix to
shorten its planning processes by several
months, while at the same time substantially
improving the precision of its work processes.
“We achieved a 35 percent increase in plan-
ning efficiency,” says Yuan Xueyu, Deputy
Technical Director at FAW Car. “We also cut the
number of process planning corrections we
had to make by 18 percent, boosted assembly
line productivity by 25 percent, and signifi-
cantly improved our efficiency in utilizing all
the relevant resources.”

Automation solutions and work processes
like these are a far cry from the old image of
China as the workbench of the world. Indeed,
automation is becoming increasingly impor-
tant for China. After all, the country’s labor
pool no longer seems as inexhaustible as it
once did. It is already becoming difficult for
companies in China’s main industrial centers
(in the Pearl River Delta region between Hong
Kong and Shenzhen and at the mouth of the
Yangtze River near Shanghai) to find enough
suitably skilled workers. This problem will only

coordination is achieved by means of program-
mable logic controllers (PLCs) — powerful
computers that are the nerve center of auto-
mated production facilities. Leading automak-
ers such as Chery, Geely, and the Israeli-Chi-
nese joint venture Chery Quantum Auto utilize
these high-performance components from
Siemens. 

Siemens produces components for the up-
per-range market segment — for example, for
customers like Chery — in Germany. However,
Siemens is now also developing other PLCs and
similar devices in China itself, not just for the
Chinese market, but also for export to other
countries, especially emerging markets. All of
this is part of the Siemens strategy of strength-
ening its innovation network by establishing
research and development units around the
world. It’s also in line with China’s strategy of
transforming itself from the workbench of the
world into a location that not only uses sophis-
ticated automation solutions but also develops
them. China has indeed come a long way in
just 30 years. Justus Krüger

this development is that labor-intensive indus-
tries are now leaving Guangdong and even the
country. Sneakers and T-shirts are more likely
to be produced in Bangladesh, Vietnam or
Cambodia today than in the Pearl River Delta.
Meanwhile, China is manufacturing more and
more sophisticated products, such as high-
speed trains, computers, machinery, and auto-
mobiles. Cheap labor is no longer the key to
success in these sectors. Instead, it’s China’s ef-
ficient processes, technical expertise, and or-
ganizational skills that are giving the country
its edge. The best example of this is the Chi-
nese automotive industry.

“Vehicle development is an extremely so-
phisticated process,” says Zhou Kehu, Senior
Business Consultant at Siemens Industrial Soft-
ware in Shanghai. “For one thing, it requires
cooperation among a whole range of func-
tional teams. What’s more, each of these
teams has to deal with huge amounts of data.
So you can imagine that coordinating this data
volume alone is a tremendous challenge.” In
order to prevent miscommunication and to en-

sure smooth production processes, it is crucial
that engineering teams not only manage their
own data, but also remain abreast of what
their counterparts in the manufacturing and
quality teams are doing.

Siemens software solutions for Product Life
Cycle Management (PLM) applications enable
operators of industrial facilities to meet this
challenge. PLM helps to bring together all the
relevant information — on everything from ini-
tial drafts and detailed design processes all the
way to manufacturing operations. It then
makes all this data available for the optimiza-
tion of design and production processes. 

When applied to the automotive industry,
PLM leads to much higher levels of design ma-
turity and to significant improvements in qual-
ity management. This is one reason why
China’s top automakers and supplier compa-
nies began adapting their product develop-
ment and production planning to PLM require-
ments quite some time ago.

Chery Automobile is an example. The com-
pany manufactured approximately 670,000

vehicles last year, of which roughly 170,000
were sold abroad. This makes Chery China’s
top vehicle exporter. Chery — like all other Chi-
nese automobile manufacturers — is a very
young company. It was established in 1997
and has been using PLM solutions from
Siemens since 2003. 

One of the most important PLM tools at
Chery is Tecnomatix, which links all manufac-
turing operations to product development
units — from process definition and planning
to simulations and actual production. Chery
utilizes this PLM tool for dimensions analysis.
“This analysis plays a key role when it comes to
designing vehicle bodies,” says Wu Shiqiang
from Chery’s Institute for Technical Planning
and Design. “Dimension analysis allows us to
determine in the early stages of body design
whether the structure and production meth-
ods will meet technical requirements. This en-
ables us to develop solutions early on in order
to optimize these factors.” 

An important additional component of
Siemens’ Tecnomatix software is variation

Chery examined a variety of software solu-
tions before choosing Tecnomatix from
Siemens. “It was the variety of functions Tec-
nomatix offers that impressed us the most,”
Wu explains. Other factors that Chery consid-
ered important were Siemens’ status as the
world market leader in this software sector, its
first-class customer service, its years of experi-
ence in the field, and its long-term partner-
ships with leading automakers around the
world. “That’s why we finally decided on
Siemens,” Wu says. Many other automobile
manufacturers and suppliers have made the
same decision. That’s why Siemens is the num-
ber one supplier of PLM solutions for the Chi-
nese automotive industry. The company had a
market share of 27 percent in China in 2011,
according to CIMdata, an independent global
PLM consulting firm.

Why China is Turning to Automation. The
benefits Siemens offers to automakers are sig-
nificant. For example, the FAW Car Company,
one of China’s leading automakers, has used

increase over the next few years. Demograph-
ics alone will have a significant impact here, as
China’s population is aging rapidly. The aver-
age age will be a little over 48 by 2050 — four
years higher than the current figure in Japan,
which along with Monaco now has the world’s
highest average population age. 

“One of the advantages of automated
processes is that they enable a degree of qual-
ity consistency and planning security that sim-
ply can’t be achieved — not even when a mass
labor pool is available,” says Chen Wei, System
Application Manager at the Siemens Automo-
tive Industry Competence Center in Shanghai.
“That’s why there’s a direct link between in-
vestment in automated production processes
and product quality.” 

The degree of sophistication of the solu-
tions required varies with the level of produc-
tion complexity. The automotive industry is
currently at the high end of the complexity
scale, as numerous robots, sensors, human-
machine interfaces, and other devices need to
be coordinated on manufacturing lines. Such
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More and more automotive systems are driven by software. Driver assistance systems and 
electric vehicles are accelerating this trend to such an extent that developers are envisioning 
a completely new architecture for tomorrow’s cars. In a research project called “RACE,” 
new concepts are already being developed and tested in prototypes.

Road to a Digital Future
Internet of Things | Automotive Software

Thanks to sensors, embedded computers, and 

communications technology, the car of tomorrow

will increasingly become a robot on wheels. 

But for this to happen, cars will need new 

hardware and software architectures. 

In the context of the “RACE” research project, Siemens and its partners are examining a new software 

architecture for tomorrow’s vehicles. The concept envisions a dramatic simplification from the multitude 

of control elements in today’s cars (below left) to the architecture of the future (below right). 

The growing number of software functions will be distributed over fewer hardware components.

Our cars are rolling computers. High-end
automobiles contain up to 100 control

units and dozens of sensors. Engines, trans-
missions, brakes, airbags, and even power win-
dows are equipped with intelligent electronics,
which can recognize, for example, when a
child’s hand is between the window glass and
the window frame. There are systems that
help drivers stay in their lanes and park, warn
them that they might be getting too tired to
drive, and coordinate the wheels when driving
on slippery surfaces.

Some types of cars are already equipped to
brake automatically in critical situations. This
action involves not only the electronic stability
control system but also a kind of cerebellum in
the transmission that automatically causes it to
downshift while the passenger safety equip-
ment pulls the seat belts tight. Since all of the
control elements on board modern cars are
heavily interdependent, the result can be a
kind of anarchy that can put excessive stress
on an automobile’s communication system, or
“bus.” This is the component that makes it pos-
sible for subsystems to exchange data with
one another.
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As more and more functions become in-
creasingly autonomous, it will become difficult
for the current standard of decentralized intel-
ligence — electronics and software modules
distributed throughout a car — to perform ad-
equately. Despite ever faster connections and
protocols, there will eventually be a traffic jam
in the data flow. “We have to deal with the
causes of these problems and not just the
symptoms,” explains Professor Gernot Spiegel-
berg, who is responsible for electromobility
concepts at Siemens Corporate Technology. 

Spiegelberg’s suggestion for a solution is
based on the way the human brain works. In
the same way that the brain has specific re-
gions that are responsible for functions such as
sight, motor control, and memory storage, so
too must a central computer have a function-
oriented software architecture that drives a
car. This approach would allow data processing
resources to be efficiently applied, as well as
the rapid evaluation of complex traffic situa-
tions. Individual functions could be upgraded
or replaced at any time, and only minimal ef-
fort would be needed to transfer the software
package from one type of car to another. 

As simple as this may sound, it would be a
revolution for the auto industry. It would mean
that every supplier of electronic parts would
have to deliver associated software modules
that could speak to one another through logi-
cally predefined interfaces. 

Evolution and Revolution. How might the
electronic architecture for tomorrow’s automo-
bile look? That’s what’s being researched by
the RACE project, which is being coordinated
by Siemens — the acronym stands for “Robust
and Reliant Automotive Computing Environ-
ment for Future eCars.” In addition to Siemens,
automotive supplier TRW, service provider AVL,
and five renowned academic institutes are also
participating in the project, which is supported
by the German Federal Ministry of Economics
and Technology to the tune of around €10 mil-
lion. By the end of 2014 the partners plan not
only to have worked out a theoretical descrip-
tion of the hardware, software, system
schematics, and sensor integration, but also to
have built two prototypes.

The first prototype, known as “Evolution,”
will primarily demonstrate the transition from

today’s architectures to those of the future.
The biggest challenge is the high cost of devel-
oping completely new software. As Professor
Manfred Broy of the Technical University of
Munich confirms, “It’s obvious that in the long
run we’ll need a different system architecture
for automobiles. But we also have to be clear
about how much money has been invested in
current vehicle software and how expensive it
will be to rewrite it and partly redesign it.” The
Evolution subproject is also intended to show
that a function-oriented architecture makes
significant savings possible over the long term.
For example, if a component, including its
software, has been certified in accordance
with the strict ISO 26262 safety standard, then
it should be transferable to another vehicle
from the same manufacturer without modifi-
cation or further testing — as is already the
case in the aviation industry.

The second prototype, by contrast, will
show what a “Revolution” could look like. Here,
a completely redeveloped system architecture
will be fully implemented in a vehicle. The goal
is to ensure that the electric drive, brake sys-
tem, and all other functions relevant to driving

will work so well that the car could be licensed
to operate on public roads. According to
Spiegelberg, “We’ll see that cost savings will be
possible here as well, as the entire vehicle ar-
chitecture will be designed in a completely dif-
ferent way from today’s cars.” All in all, this will
make it easier to implement completely new
vehicle concepts.

For example, the prototype will be
equipped with wheel hub motors on the rear
axle. They will not only give the vehicle excel-
lent acceleration but also be able to generate
so much braking power that a braking system
that uses ablative brake pads will only be nec-
essary on the front wheels. That would cut
costs. And it wouldn’t require two control units
— one for the brakes and one for the motors
— to deal with longitudinal dynamics. The
concept car will also have steering “by wire,”
which means that the steering column as a
mechanical connection between the steering
wheel and the front axle will be omitted. 

The exact structure of the software will be
determined over the course of the project,
which started at the beginning of 2012. Broy,
the software expert, expects that client-server

structures, service-oriented architectures
(SOA), and layered architectures will all play a
big role. All three ways of structuring complex
software boil down to the adoption of a rigid
hierarchy. In a layered architecture, compo-
nents no longer have equal authority, which
means that components from higher layers
may use the elements of lower layers, but not
the other way around. In a client-server struc-
ture, the software is distributed among differ-
ent hardware components, but there is a clear
definition as to which components have what
authority. With service-oriented architecture,
the software is structured according to areas of
 responsibility.

This applies to hardware in an analogous
way, as increasingly intelligent sensors are be-
ing installed in cars. This is because current
and future assistance systems rely on vehicles
being aware of their environment. Stereo cam-
eras, laser, radar, and — for close range — ul-
trasound sensors, will give tomorrow’s cars a
360° view, not to mention the fact that they
will be equipped with decentralized intelli-
gence. These “nodes” in the vehicular auto-
nomic nervous system will take over the job of
signal processing, while the vehicle’s “brain”
will be responsible for situation recognition
and, when necessary, for taking action. 

RACE is also researching the interesting
question of what control loop configuration
would allow intelligent sensors to be directly
connected to intelligent actuators so that the
vehicle’s brain would not need to take action in
most cases, but would merely monitor situa-
tions. One situation where the brain might in-
tervene would be modulated breaking.

Upgrades for Older Cars. But what about
the driver? He or she would profit most from
new software structures that would make it
easier to integrate functions retroactively. Up-
dates for the infotainment system are already
standard today, but when a luxury automaker
introduces a new assistance system for colli-
sion avoidance, it is only available in new cars.
In the future, on the other hand, the new infor-
mation architecture from Siemens would allow
older models to be retrofitted with the new
software. 

To protect such an open system from hack-
ers, RACE is also examining the security of the
new architecture. But Broy doesn’t see any fun-
damental problems. “In principle, we already
know how to design software updates that are
secure,” he points out. “It means building in a
firewall, the introduction of clear security re-
quirements, and developing a general security
concept for the systems in an automobile.” 

The race is now on to create a future-ori-
ented, sustainable electronics structure for
cars. Johannes Winterhagen
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Substantial research is still required in order to develop technologies for tomorrow’s 
smart grids. Engineers from Siemens Corporate Technology are devising the software needed to 
incorporate diversified and distributed power generators into the electricity network.

How to Simulate a Smart Grid
Internet of Things | Software Agents

Left: An energy automation system known as “SoEasy” works with Personal Energy Agents (PEAs).

The agents automatically broker power capacity and prices. 

Above and below: Simulation of a section of a smart grid in Siegen, Germany. 

Personal Energy Agents broker generated power. 

How will tomorrow’s grids handle fluctuat-
ing energy from vast numbers of solar

and wind-based electricity producers? The
honest answer is that no one know. Major
questions include pricing uncertainties and in-
creasing variability of supply and demand. Yet
help could be at hand in the form of software
developed by Christian Glomb from Siemens
Corporate Technology (CT). Glomb’s software
simulates a smart grid in its capacity both as a
network for transmitting electricity and as a
communications network. The project is
Siemens’ contribution to “Software Platform
Embedded Systems 2020” (SPES), a program
funded by the Federal Ministry of Education
and Research in which Siemens simulates a
hypothetical smart grid in Siegen, Germany.
SPES’s goal is to develop processes for the em-
bedded systems market, i.e. control software
that is installed in equipment and manages
transport systems and power grids (p. 48). 

The software builds on a conventional
power grid simulation and enriches it with a
realistic emulation of communication between
various system components and a simulation
of control functions for the system as a whole.
It comprises all the major elements and
processes that are required for proper and sta-
ble functioning of the grid. Given, for example,
that communications networks can be suscep-
tible to problems, it is important to make this
aspect of the system as robust as possible. 
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Using data regarding transmission and
communication networks, power generating
plants, and consumers, the software calculates
the probable behavior of system components.
On a sunny Sunday, for example, when lots of
power is produced by photovoltaic plants but
little is consumed by industry, the software
can recognize when maximum voltages are ex-
ceeded and a tap transformer is required to
deal with the surge. “The software tells us how
the system will behave before it even goes into
operation,” says Glomb. 

The simulation does not extend down to
the level of individual appliances, even though
this would be feasible. Instead, it assumes an
overall load profile for the connection points of
households or commercial enterprises. Other-
wise the complexity of the control functions
would become unmanageable. It took a year
for Glomb to program the basic simulation, fol-
lowed by a couple of weeks to model a con-
crete grid. Initially, Glomb and his Siemens col-
leagues in Vienna modeled a smart grid in
Eberstalzell, Austria, which is scheduled to go
on line in 2013. This grid will comprise be-
tween 150 and 200 connection points, as
many as 70 photovoltaic plants, and about the
same number of electric vehicles. The simula-
tion is, however, constructed in such a way
that it would also be possible to create much
larger grids that comprise several thousand
connection points. 

When it comes to smart grid technology,
the future has already arrived in Wildpoldsried.
Using photovoltaic, wind, and biomass genera-
tion, this picturesque town in southern Ger-
many produces over three times the power re-
quired to cover its own demand. In a project
named IRENE, local utility Allgäuer Überlandw-
erke (AÜW) and Siemens are investigating how
smart grids can cope with a massive infeed of
renewable energy (see Pictures of the Future,
Spring 2012, p. 46). According to Michael
Fiedeldey, Head of Technology at AÜW, power
grids need to become more intelligent in order
to smooth the transition to a new energy age.
He calls for “smart technology rather than
more copper.” That will not only spare the ex-
pense of installing new transmission lines but
also create new services and new value-added
chains for his company. 

At the heart of the field test is a smart
software system developed by Siemens. This
energy automation system, named SoEasy,
creates a virtual market that enables operators
of biogas-fired and photovoltaic power plants
to sell their product to a central purchaser — in
this case, AÜW. In the case of IRENE, the main
focus is on the integration of distributed power
plants and electric vehicles. Here, the system
optimizes the management of energy storage
facilities — for electricity, heat, and gas — con-
nected to the grid, with the aim of avoiding
peaks or overloads.

SoEasy functions by means of software
agents that automatically broker power capac-
ity and prices. The following agents exist: 
Personal Energy Agent (PEA): Every facility
in the smart grid, whether a power producer or
consumer, is equipped with this small device. It
contains a computer with interfaces to the fa-
cility and to the Internet. Using a PC, plant op-
erators can stipulate how much power the
owners want to sell, at what time, and at what
minimum price. Every 15 minutes — other in-
tervals can be set — the PEA brokers power ca-
pacity and prices with a Balance Master. 
Balance Master: This software agent, in-
stalled at a utility, decides which PEA offers it
will accept in order to cover demand in the
grid. Details regarding the technical operation
and pricing strategy of power plants con-
nected to the PEAs are not provided to the Bal-
ance Master; this information remains in the
hands of the plant operators. As a rule, plan-
ning is conducted for the coming 24 hours,
though shorter periods to permit participation
on the intraday market are also feasible. 
Area Administrator: This agent helps the
grid operator maintain network stability. The
software only intervenes when maximum volt-
ages are exceeded. For example, if too much
solar power is being fed into the grid, the area
administrator can either modify the infeed
from other plants via commands to their PEAs,
or adjust the ratio of a distribution trans-

former. This is now being done for the first
time in Wildpoldsried. 
Network Transport Agent (NTA): This agent
collates data from plants, electricity meters,
and the grid and displays it in visual form in the
network operator’s control room. The NTA sup-
plies this information to the Area Administra-
tor, which decides whether intervention is nec-
essary, and to the Balance Master, which
decides which offers of power can be accepted
without overloading the grid.

Energy Police: This agent ensures that all
agreements are kept, that plant operators sup-
ply the power promised by their personal en-
ergy agents, and that no power is illegally si-
phoned off. 

“The IRENE project’s software agents don’t
deal with real money,” says CT engineer Dr.
Michael Metzger, who played a big part in de-
veloping the system. “But SoEasy is technically
capable of networking hundreds of thousands
of power plants, so in the future it could be
used for trading on real power markets.” 

Working with colleagues from Siemens’
Smart Grid Division, Metzger is now busy turn-
ing the functions and components from field
test into products and services for the Siemens
portfolio. For example, elements of IRENE are
already in use in other reference projects, in-
cluding one on the Danish island of Bornholm.
At the same time, IRENE profits from technol-
ogy from other CT research programs. For in-
stance, a similar project in the Harz region of
Germany has provided modules to incorporate
and automatically implement communication
protocols.

In the Harz project, CT researchers are now
testing a tiny box called a “power bridge,”
which provides a communications interface
between the grid and a whole variety of dis-
tributed, independent power generators and
consumers. These include combined heat and
power plants, fuel cells, and swimming pools.
Power bridge is used wherever power plants
feed electricity into the grid and also wherever
energy storage facilities or power loads can be
switched on to stabilize the network. These fa-
cilities automatically log on to the smart grid.
“We looked at how the Internet service
providers do it with their self-configuring DSL
routers,” explains Jörg Heuer, Head of the Em-
bedded Networks Research Group. 

Power bridge has two interfaces: one to the
power producer or consumer, and one to the
public grid. Plant operators inform their spe-
cific power bridge whether they have extra ca-
pacity in either power generation or power de-
mand. This data is then transferred to the
control center in the form of a data model that
is uniform for all plants. The control center
then informs the respective power bridge how
much extra capacity it wishes to accept. The
power bridge receives no information as to
how the plant operator actually meets this or-
der. It knows neither the exact operational de-
tails, including any readings from the plant,
nor how the operator calculates costs. Neither
does it have any direct control over the plant.
Instead, it serves as a gateway that guards the
plant’s operational details and operating secu-
rity against outside observation, but nonethe-
less provides the operator with a facility to
market its current capacity. Bernd Müller
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Fifteen years ago, only a few hundred power stations fed electricity into the German grid; in the 
future, millions of solar, wind, biomass, and small-scale combined heat and power plants will form
a diverse energy network. To harness these disparate sources, German utility providers RWE and
Stadtwerke München have set up virtual power plants based on technology from Siemens.

Energy from Everywhere
Internet of Things | Virtual Power Plants

Decentralized Energy Management Systems

(DEMS) process weather data, real-time power

prices, and consumer demand to produce fore-

casts and operating schedules for power plants.

In line with Germany’s transition to alterna-
tive sources of energy, plans call for the

country to generate 80 percent of its electricity
from renewables by 2050. The associated ex-
pansion of wind, photovoltaic, and biogas gen-
eration will necessitate a completely new grid
infrastructure to distribute electricity. To date,
power in Germany has come from a limited
number of large-scale plants; in the future it
will be supplied by millions of small-scale dis-
tributed generators. This will have repercus-
sions for the current power market. Anybody
with a couple of voltaic panels on his roof can
become a “prosumer” — both a producer and a
consumer of power. 

This in turn will require new software sys-
tems to control and coordinate such a complex
infrastructure. Here, the industry buzzword is
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“virtual power plant,” which refers to a cluster
of small-scale generators that collectively act
like a single large power plant, thus avoiding
the fluctuations that characterize individual
wind and photovoltaic power facilities. Accord-
ing to a study by the corporate consultants
PricewaterhouseCoopers (PwC), virtual power
plants are a vital part of the transition to alter-
native energy sources.

As the name suggests, a virtual power plant
does not physically exist as a power generator
in the conventional sense. Instead, it pools a
cluster of small-scale plants, using sophisti-
cated software to operate them collectively as
if it were a single large facility. In the future
such virtual power plants will play a vital role
in the transition to alternative sources of en-
ergy, serving to aggregate the output of count-

less wind generators, photovoltaic plants, bio-
mass facilities, and combined heat and power
(CHP) plants. RWE, a major German utility, was
quick to recognize the strategic significance of
virtual power plant and has been operating
one in Dortmund since 2008. Its “brain” is the
Decentralized Energy Management System
(DEMS) from Siemens. It processes weather
bulletins, the latest power prices, and con-
sumer demand in order to produce hourly fore-
casts and operating schedules for the virtual
facility’s constituent generators. 

Today, this virtual power plant pools a gen-
erating capacity of 150 megawatts, mainly
from wind power, but also from photovoltaic
and biogas plants. RWE sells the power for the
plant operators either on the European Energy
Exchange (EEX) in Leipzig or on the spot mar-

ket for balancing energy, where higher prices
are paid for power that’s available at short no-
tice. The individual generators, which are too
small to trade on the EEX, receive a premium
on the normal feed-in tariff per kilowatt hour
specified in Germany’s Renewable Energy Act.

In the future, virtual power plants will pool
not only generating capacity, but also power
consumption, i.e. individual loads. From the
perspective of the power grid it makes no dif-
ference whether a load goes off-stream — e.g.
a refrigeration unit switches off in a cold-stor-
age warehouse — or a generator comes on-
stream — e.g. a standby diesel generator is
switched on. As soon as a load goes off-
stream, more energy is available for other con-
sumers. “In the future we will see virtual power
plants that consist exclusively of switchable
loads,” says Dr. Thomas Werner, the product
manager for virtual power plants at the Smart
Grids Division of Infrastructure & Cities at
Siemens in Nuremberg. 

Harmonizing a Diverse Mix. A smaller vir-
tual power plant is operated by Munich’s mu-
nicipal utility, Stadtwerke München — here too
with DEMS. The entity aggregates plants with
a combined generating capacity of over 20
megawatts, including the utility’s own hydro-
electric plant on the Isar River, five CHP plants,
a wind power plant, a photovoltaic plant, and
several standby diesel generators. The smallest
unit delivers 30 kilowatts. Next in line to join
the conglomerate are a biogas plant, a geot-
hermal plant, and several switchable loads
such as large-scale pumps and cold-storage
warehouses. According to Markus Henle, head
of Stadtwerke München’s virtual power plant
program, the project isn’t aimed at reaching
large-scale operation. Instead, its priority is to
gain experience in the coordination of as many
different types of energy source as possible
and in the day-to-day management of the or-
ganizational and operational processes. DEMS
enables more reliable forecasting and plan-
ning, thus creating new opportunities for
value creation, since planned power generates
greater revenue on the electricity market.

The more energy sources are pooled, the
easier it is to balance supply and demand. This
has led to the emergence of more and more
companies acting as electricity aggregators,
which combine small-scale power generators
— sometimes by offering tariffs significantly
higher than those mandated by the Renewable
Energy Act. This is a thorn in the government’s
side, because it means that plant operators
earn twice for their power. The next amend-
ment to the Renewable Energy Act, scheduled
for early 2013, should put a stop to this, but
could thereby make the market for virtual
power plants more difficult. Bernd Müller
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Internet of Things

In Brief

Software often pervades our daily lives with-

out us even realizing it. The “agents” that reside

in smartphones, PCs, production machinery, ve-

hicles, buildings, and power plants are now also

taking the Internet by storm. The “Internet of

Things” already networks billions of different de-

vices from all areas of our daily lives, enabling

them to share information. The aim is to better

coordinate processes — and thus save time and

money. (pp. 44, 48)

Data can be transmitted wirelessly by RFID

chips that are attached to objects. The advantage

of these chips is that they can contain more infor-

mation than barcodes. As a result, logistics teams

can detect supply chain disruptions early on. In

this way, all of the participants — for example,

various automotive suppliers — can coordinate

their activities in real time, regardless of which

company they belong to. (p. 58)

With the Mars rover Curiosity, researchers and

developers achieved a smooth transition from the

virtual world to real life. The project’s extremely

demanding technology was developed and tested

with PLM software from Siemens. Simulations

created on earth were subsequently turned into

reality on Mars. The software’s potential has also

been recognized by China’s young automotive 

industry, which uses it to optimize design and

production processes. (pp. 55, 62)

Our energy supply system will become in-

creasingly sophisticated in the future, because

millions of power producers will feed electricity

into the grid. Smart grids will thus be needed —

as will virtual power plants that combine and

manage many small electricity producers. In

buildings, sensors could help to automatically

control, for example, the lighting, energy de-

mand and security systems — or enable remote

operators to do so manually through the Inter-

net. Researchers at Siemens are currently 

testing smart grids. (pp. 66, 68)

Professor William Brian Arthur believes that

networked computers and sensors are forming a

kind of digital nervous systems — an automated

“Internet of Things” — that parallels the physical

economy. According to Arthur, the “Second Econ-

omy” is making many services cheaper, but also

obviating many jobs. (p. 53)
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Like astronauts on a voyage to a perpetually
shrouded planet, scientists at major univer-

sities across the United States and Europe have
embarked on a mission to make sense of one
of the most complex regions of the universe —
the 100 billion neurons and 150 trillion
synapses that comprise the human brain.
Funded with $40 million from the U.S. Nation-
al Institutes of Health, the effort, which is
known as the Human Connectome Project
(HCP), is designed to discover the relationship
between the structure and function of the
brain. “The idea is to decipher as much as cur-
rent imaging technology can about the wiring
of the human brain and about how that wiring
contributes to our behavior and to the differ-
ences in behavior between people,” says David
Van Essen, PhD, Edison Professor and Head of
the Department of Anatomy and Neurobiology
at Washington University School of Medicine in
St. Louis. 

“The hypothesis driving this project,” says
Dr. Bruce R. Rosen, Professor of Radiology at
Harvard Medical School and Director of the
university’s Athinoula A. Martinos Center for
Biomedical Imaging in Boston, Massachusetts,
“is that if we understood the relationship be-
tween structure and function we would begin
to understand diseases such as autism, and to
more effectively treat injuries such as those
caused by stroke.” 

One of the scanners* (see disclaimer, back
cover), which has a gradient that is up to 2.5
times stronger than that of clinical MRI scan-
ners, was developed for the CMRR and was re-
cently relocated to St. Louis. (Gradients are
used for spatial encoding.) The other scanner,
which has a target gradient of up-to 7.5 times
that of the latest clinical 3-Tesla MRI scanners,
was developed on the request of the Martinos
Center in Boston in cooperation with the Uni-
versity of California Los Angeles.

“The Human Connectome Project is de-
signed to help us answer fundamental ques-
tions about the human brain,” says Prof. Kamil
Ugurbil, Director of the CMRR. “Steady progress
in MR techniques such as functional brain im-
aging (fMRI) and diffusion imaging over the
last two decades have made the project possi-
ble. However, additional improvements in
hardware and image acquisition methods are
still necessary — and we are addressing them.”

Breakthrough Technology. Researchers have
been imaging neuronal pathways in the hu-
man brain for years (see Pictures of the Future,
Fall, 2005, p. 62). Key to this have been tech-
nologies such as MR Imaging of anisotropic dif-
fusion of water in the brain, and, most recent-
ly, resting state fMRI. Resting state functional
MRI and high angular resolution diffusion im-
aging (HARDI) — a special diffusion imaging

Pictures of the Future
Neuroscience

What does a normal human brain look like? From a functional 
point of view, the picture is unclear. But if we knew, it might be a first 

step on the road to a completely new way of diagnosing and managing
mental illnesses. Using experimental magnetic resonance imaging 

technology from Siemens, two groups of U.S. researchers are beginning 
to uncover the wiring patterns behind our behavior.

From
Brain to
Behavior

Using a new imaging technology

on an experimental 3-Tesla

Siemens MRI scanner, 

researchers have uncovered the

fabric-like structure of cerebral

white matter in the human brain. 

To accomplish this goal — a vision that, if
realized, might revolutionize the diagnosis and
management of mental illnesses, neurodegen-
erative diseases, and brain injuries, researchers
must do two things: implement technologies
capable of mapping the brain’s three-dimen-
sional architecture both functionally and struc-
turally on a near-micron level, and define —
taking into account the vast differences be-
tween healthy brains — what is normal.
Thanks to the development of two experimen-
tal 3-Tesla magnetic resonance imaging (MRI)
scanners from Siemens, the first of these goals
has been realized, and the second is the sub-
ject of a major study centered at Washington
University in St. Louis together with the Center
for Magnetic Resonance Research (CMRR) at
the University of Minnesota Medical School. 

technique — are favored at Washington Uni-
versity & the University of Minnesota (WashU-
Minn) consortium. On the other hand, Diffu-
sion Spectrum Imaging (DSI) — a general form
of Diffusion Tensor Imaging that was pio-
neered in 2005 by Dr. Van J. Wedeen, Professor
of Radiology at the Massachusetts General
Hospital and Director of Connectomics at the
Athinoula A. Martinos Center for Biomedical
Imaging, is being pursued at the MGH/UCLA
consortium.  Here, the idea is to reveal the fab-
ric-like structure of pathways within each MRI
voxel (a voxel is a 3D pixel), thus differentiat-
ing between intersecting pathways. 

The diffusion imaging approach capitalizes
on the fact that water molecules wiggle in tis-
sue and that this motion can be measured as
their hydrogen nuclei (protons) produce radio

Images courtesy of Martinos Center for Biomedical Imaging, MGH-UCLA, NIH Human Connectome Project
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Left image: Map of functional connectivity associated with a “seed” region (black spot) in the visual cor-

tex of the right hemisphere of the human brain. Regions in red and yellow are functionally connected

with the seed region. Right: Map of functional connectivity associated with a seed region in the motor

cortex, which controls body movements.
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Siemens’ Role in the Human Connectome Project 

The Human Connectome Project (HCP) is a five-year initiative funded by the National Institutes of

Health (NIH) in Bethesda, Maryland (USA), to map the brain’s long-distance communications network. It

represents the first large-scale attempt to collect and share data of a scope and level of detail sufficient to

begin the process of addressing fundamental questions about the human cortex’s connectional anatomy

and variation. The project’s goal is to construct a map of the complete structural and functional neural con-

nections in vivo within and across individuals. 

The HCP comprises two research efforts: A five-year project at the Center for Magnetic Resonance Research

(CMRR) in Minneapolis, Minnesota in collaboration with Washington University, St. Louis, Missouri. The oth-

er one is a 3-year project at the Massachusetts General Hospital’s (MGH) Martinos Center in cooperation

with the University of California, Los Angeles.

Neuronal connections in the human brain are immensely complex and barely understood. To make them

visible, high-end imaging equipment is needed. The HCP uses various MRI applications, including resting-

state fMRI, diffusion MRI, and task-related fMRI. Specialized research MRI scanners were developed for each

of the two HCP projects. The Siemens experimental 3-Tesla MR scanners are unique prototypes, which were

designed specifically for the HCP project and are not commercially available. 

The experimental 3-Tesla MR scanner from the CMRR has a gradient performance between 70 mT/m and up

to 100 mT/m that is up to 2.5 times stronger than state-of-the-art clinical 3-Tesla MR scanners, and is thus

optimized for functional and diffusion MRI studies with higher resolution. The experimental 3-Tesla scanner

at MGH is a new diffusion-dedicated research scanner dedicated to diffusion MR protocols with a gradient

performance of up to 300 mT/m that is up to 7.5 times that of the latest clinical 3-Tesla MR scanners. It is

optimized for the collection of fiber-tracking data in the brain. Due to its massively-increased gradient

strength, which is applicable for research purposes only, the scanner is sensitive to extremely faint diffu-

sion-weighted signals and enables higher resolution functional brain MRI studies than state-of-the-art clini-

cal scanners. “We are very proud to contribute our innovative MR technology and know-how to the Human

Connectome Project, which is aimed at developing a better understanding of the human brain,” says Dr.

Bernd Ohnesorge, CEO, Siemens Magnetic Resonance, Erlangen, Germany. “Our research results will stimu-

late technological development at Siemens by translating knowledge gained from the project into new MR

technologies that may find their way into clinical applications in patient care. We strongly believe that close

collaboration between academia and Siemens bring both to the frontier of medical research, ultimately

finding paths to improved diagnostics and therapies, and thereby  advancing human health.” 

signals in response to radio-frequency pulses
in combination with rapidly changing static
and dynamic magnetic fields. “Considering the
fact that these molecules naturally tend to
move along axons — the white matter fibers
that connect brain cells — the technology es-
sentially produces an image that duplicates the
paths of axons,” explains Wedeen. “When you
stitch thousands of voxels together,” he adds,
“you wind up with what we call a tract — a
white matter pathway. But the important thing
is that when two pathways intersect, the sys-
tem must stitch through them correctly, and
DSI is what makes that possible. Thanks to this
technology, we are finding that 3D white mat-
ter grids are ubiquitous in the human brain.”

Achieving the current state of visualization
was not easy, however. It required a huge in-
crease in MRI sensitivity, as well as much high-
er processing speeds to make sense of the
flood of spatial data from water molecules. No

The more powerful the gradient coil is, the
faster one encodes the diffusion of water mol-
ecules, resulting in a sharper picture of angular
resolution, which is the key factor in differenti-
ating between intersecting fibers. “It’s like a
camera — the faster the shutter speed, the
sharper the picture. The result is that even
though we are not directly imaging axons, we
can, in effect, see them by inferring how water
molecules move,” adds Wedeen.

But why, one might ask, do water mole-
cules follow axonal paths? “The answer,” says
Lawrence L. Wald, PhD, Director of the MRI
Core Facility at the Martinos Center, “is that
since axons are long, thin tubes, water mole-
cules naturally tend to wiggle inside and along
them, rather than perpendicular to them.
What’s more, they do so in distances that are
about the same size as the separations be-
tween the axons or about 10 to 20 microns
during the time period used to measure our

by Eva Eberlein, if they could develop a gradi-
ent stronger than anything currently available.
“What they came up with was two prototypes
that could achieve from two times to nearly
eight times the gradient strength. “It was an
engineering tour-de-force,”** recalls Wald.
With a scalable gradient strength of 80 mT/m
up to 300 mT/m, the density of electromagnet-
ic energy can increase up to a maximum factor
of 56. (**: see disclaimer, back cover)

Nevertheless, this presented a challenge.
Knowing that higher gradients would allow
higher resolution imaging, more MR slices
would have to be acquired to cover the same
anatomical region. But doubling the resolution
would in turn increase the scan time by a fac-
tor of four or more. Therefore, a technology*
had to be developed to accelerate encoding
and thus reduce scan times. Based on earlier
ideas developed by CMRR, such as “Multiband
Multislice” imaging, the MGH researchers
came up with a refinement called “Simultane-
ous Multislice,” that allowed the acquisition of
several MR slices at the same time, yet would
keep them separate with minimal sensitivity
loss. The technology “accelerates imaging by a
factor of three, but when combined with
stronger gradients, the result is actually a fac-
tor of four in image acquisition acceleration,”
says Wald. “All in all, we have cut the average
scan time from about one hour to approxi-
mately 15 minutes.”**

Building a Brain Database. While the Har-
vard-UCLA team’s role in the Connectome proj-
ect has been the development of a scanner
that pushes the boundaries of what is possible
with current MRI diffusion imaging technology
to the limit, the Washington University / Uni-
versity of Minnesota consortium has not only
undertaken methodological developments for
improved data acquisition, but also addressed
the challenges of understanding functional
connectivity in a large-scale study. “Functional
imaging approaches, particularly those that
utilize resting state fMRI — in which the entire
brain is imaged during a period in which the
subject is not performing an explicit task — are
highly complementary to diffusion imaging
since they provide information regarding func-
tional connectivity rather than just hard-
wiring,” says Washington University’s David
Van Essen, who co-leads the consortium with
Prof. Kamil Ugurbil.

Motivated by their high-resolution func-
tional imaging work carried out at an even
higher field strength — with a 7 Tesla MR sys-
tem from Siemens — the CMRR team had been
pursuing innovations to accelerate scan times
since 2008. Now, in the context of the Human
Connectome Project, they turned to adapting
these techniques, dubbed “Multiband Multi-

slice Imaging,” to the customized HCP 3 Tesla
scanner and managed to speed up data acqui-
sition for functional connectivity by factors of
up to nine. 

Having overcome these limitations, the
team’s next goal is to begin scanning 1,200 ge-
netically-related people with this technology.
“The idea behind our side of the project,” ex-
plains Ugurbil, “is to acquire data with a previ-
ously unavailable level of quality in order to
generate a database of brain connectivity pat-
terns and develop tools to perform data min-
ing on that database.” 

Additionally, the Van Essen-Ugurbil team
will scan many of the subjects at ultrahigh
magnetic fields (7 Tesla*), an approach pio-
neered by the University of Minnesota group.
”Seven Tesla will be far superior for resting
state fMRI and anatomical imaging and is also
expected to perform well for diffusion imag-
ing,” says Ugurbil.

Indeed, the project’s emphasis on closely-
related people sets the stage for eventually
creating and tapping entirely new databases in
an emerging field called “imaging genomics.”
By exploring the possible connections between
imaging information and genetic information,
the researchers hope to uncover some of the
mechanisms behind mental illnesses. “There
are already many published studies along
these lines. For instance, some have shown
that brain circuits are abnormal — that is, have
reduced functional connectivity — in autism,”
says Van Essen. “But we are trying to push this
research to a different level. Just as the
Genome Project opened up a world of bio-in-
formatics, we are looking to open a new world
of neuro-informatics that will capitalize on the
vast amount of information that is being gen-
erated by imaging modalities.” 

A first step in that direction has already
been taken. In a project that combines data ac-
quisition, data analysis, informatics, and visu-
alization, Van Essen and Ugurbil have devel-
oped an interactive composite dataset of the
left and right cerebral hemispheres obtained in
a pilot study of healthy adults (see images,
page 72). The images it produces are based on
resting state functional MRI, which, in the con-
text of the database, show an average of
which brain regions are actually communicat-
ing with other specific areas, when one area,
represented by a black dot, is probed. Red and
yellow sections are strongly related to the seed
location. By merely clicking a location in the
dataset, a user is interrogating 30 gigabytes
worth of data. “This is the first time such a tool
has been developed,” says Van Essen. “As our
database expands, it will become extremely
powerful. But it’s just a preview of what will
come out the Human Connectome Project.”

Arthur F. Pease

commercial scanner could come close to what
was needed. The Boston team had already
come to the conclusion that the key to higher
resolution imaging of neural pathways is not
necessarily, as had been previously assumed,
higher field strength than 3Tesla of the main
magnet, but rather, higher field strength of the
much smaller magnetic gradient coils that
modulate the main magnet’s field. “The gradi-
ent (coil) is the part of the MR machine that
encodes the spatial characteristics of water
molecules. It tells you where things are,” ex-
plains Rosen. 

MRI signals. So if we are sensitive to those wa-
ter molecules, we can be sensitive to the direc-
tions in which the axons are aligned.”

Most commercial 3 Tesla MRI scanners for
in-vivo clinical imaging have a top gradient
strength of 40 to 45 milli-Tesla per meter
(mT/m); but Wedeen’s studies on primates had
indicated that higher gradient strength than
this would be advisable to produce sharp diffu-
sion images of an adult human brain’s wiring
patterns. With this in mind, the MGH/UCLA and
Minneapolis/St. Louis researchers asked the
Siemens MR engineering team, which was led
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Overfishing is reducing the 

natural population of bluespotted 

ribbon-tail stingrays. That’s why 

biologists are using ultrasound to 

monitor unborn rays. 

Pictures of the Future | Conservation

timeters long when they emerge. In order
to monitor the pregnancies, staff at the
Oceanário regularly remove the Blue spotted
ribbon-tail rays from the large basin and place
them into smaller plastic containers. As with a
normal ultrasound procedures in human medi-
cine, they run the probe along the ray’s body,
which can be up to 70 centimeters long. Both
the probe and the cable are wrapped in plastic
to protect them from the water. The biologists
can view the babies inside the mother’s pouch
on a monitor and draw conclusions about their
health and development on the basis of their
size and movements.

Thanks to the ultrasound unit, the biolo-
gists can now analyze how different conditions
in captivity affect the pregnancies of the
bluespotted ribbon-tail rays. The results of
their studies will be disseminated to the well-
networked European aquarium community.
Staff members who provide care for the rays
can also detect complications at an early stage
of pregnancy. For example, if a fetus dies in-
side the mother’s body (i.e. no movement can
be seen on the monitor), specialists can per-
form an operation in time to prevent the
deaths of other babies — or even the mother.

Such high-tech efforts are helping to safe-
guard ray populations. “In response to over-
fishing and the deterioration of coral reefs, the

bluespotted ribbon-tail ray has been placed on
the Red List of the International Union for Con-
servation of Nature, where it is classified as
‘near threatened,’” says the Oceanário’s Cura-
tor, Dr. Nuria Baylina. The rays’ natural habitat
is the tropical coastal regions of the Indian and
Pacific Oceans. During high tide, they swim in
small groups to shallow waters near the shore
to feed. They then return during low tide to the
safe coral reefs off the coast. 

The Oceanário is monitoring the entire pop-
ulation of bluespotted ribbon-tail rays in Euro-
pean aquariums on behalf of the European As-
sociation of Zoos and Aquaria (EAZA). The
main goal is to use the newly gained hus-
bandry and breeding knowledge to improve
breeding and thus reduce the number of cap-
tures in the wild. “If the situation worsens for
this species, the importance of having a sus-
tainable population in aquariums will in-
crease,” says Baylina. “And more successful
breeding means better research and improved
monitoring of stingray pregnancies.” The ultra-
sound unit donated by Siemens could thus
play an important role in helping to maintain
the species. “We also plan to use the device
with other fish species, reptiles, and pen-
guins,” Baylina adds. As a result, Siemens’ do-
nation might end up benefiting every resident
of the Oceanário aquarium. Nils Ehrenberg

been taken to a whole new level that goes be-
yond a purely business relationship.” That’s be-
cause Siemens has donated an ultrasound sys-
tem that was originally developed for use in
human medicine to the Oceanário. Biologists
at the aquarium are using the device to moni-
tor the pregnancies of bluespotted ribbontail
rays (Taeniura lymna), among other species. 

As a result, the gestation of these stingrays,
whose blue spots make them very popular, can
now be studied better than ever before. “Com-
pared to our old equipment, the image quality
is so good that we can now view and examine
the rays’ reproductive organs and the fetuses
at a level of detail never achieved before,” says
Dr. Nuno Marques Pereira, a veterinarian at the
Oceanário. “We can also record the examina-
tions for later study. Previously, we had to carry
out the time-consuming image analyses dur-
ing the examinations. The new device speeds
up the process and makes things a lot easier
for our ‘patients.’”

Incubation Pouch. Bluespotted ribbontail
rays are aplacental viviparous, which means
their eggs remain in an incubation pouch in-
side the mother’s body, where up to seven ba-
bies then hatch and are born “live.” The preg-
nancy lasts for anywhere between four and 12
months and the baby rays are around 14 cen-

The major highlight at EXPO 98 in Lisbon
was the Ocean Pavilion. The structure,

which was built in the middle of an artificial
harbor basin and can only be reached via a nar-
row pedestrian bridge, reminded visitors of a
futuristic research platform. Most of the build-
ings were torn down after the exhibition, but
the giant aquarium was left standing and has
been used successfully ever since. Today, the
Oceanário de Lisboa draws around one million
visitors a year, making it the most frequented
cultural facility in Portugal.

At the center of the Oceanário is a gigantic
tank containing 5,000 cubic meters of saltwa-
ter that is meant to symbolize the global
ocean. Several large panoramic windows offer
visitors a look at the species inside the tank —
sharks, rays, moray eels, and ocean sunfishes.
The central tank is surrounded by four smaller
basins that represent the rocky coasts of the
North Atlantic, the icy Antarctic, the kelp
forests of the Pacific, and the tropical coral
reefs of the Indian Ocean.

“Siemens has been working with the
Oceanário for quite some time now. For exam-
ple, we supply a large part of the infrastructure
— in other words, operation services and
equipment for security and maintenance,” says
João Seabra, Healthcare Sector CEO from
Siemens Portugal. “Now, this collaboration has
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Developing Tools to Analyze and
Visualize Neuro Imaging Data

Adeeper understanding of neurological dis-
orders such as Major Depressive Disorder

(MDD) and neuro-degenerative diseases such
as Alzheimer‘s Disease (AD) could open the
door to improved clinical management. Such
understanding could come from insights re-
garding the brain’s connectivity (wiring) pat-
terns that are emerging from the Human Con-
nectome Project (see page 70). As the
Connectome Project generates ever more data
from specialized magnetic resonance imaging
scanners, advanced technologies will be need-
ed to process, analyze and visualize the result-
ing information, much of which will come
from so-called “resting state” functional MRI
scans (in which the entire brain is imaged dur-
ing a period in which the subject is not per-
forming an explicit task) and diffusion MRI
scans. 

With this in mind, researchers led by Mari-
appan S. Nadar, PhD, at Siemens Corporation,
Corporate Technology in Princeton, New Jer-
sey, are developing a portfolio of tools that can
leverage the results of the NIH Connectome
Project for new, clinically-relevant algorithms
and software. Recently, they have applied
these tools to analyze resting state functional
MRI and have obtained promising results in dif-
ferentiating a normal control group from those
with ADHD (attention deficit hyperactivity dis-
order). The algorithm that made this possible
uses data generated from resting state fMRI

scans and non-imaging data. “The idea behind
the algorithm,” explains Mariappan, “is that as
the Connectome Project begins to generate
large quantities of information we will learn
which brain regions interact with one another
and the strength of these interactions. In our
research, each brain region is represented by a
node in a network and the interactions by
edges. Nodes are mathematical abstractions
representing interconnected brain regions,
and edges represent the links that connect
some pairs of brain regions. As we develop a
database along these lines, we will find out,
for instance, that region A is normally linked to
region B. The absence of such a connection —
or a weak connection — could indicate a po-
tential abnormality. Alternatively, the presence
of a ‘normally non-existent’ connection — or a
strengthened connection — could also indi-
cate a potential abnormality.”  

With a view to facilitating and accelerating
the understanding and identification of abnor-
mal connection patterns, the team has devel-
oped tools for interactive 3D network visualiza-
tion, which make it possible to intuitively work
in a 2D space while navigating in the 3D space.
In a radial display (above) each tooth in the
comb-like inner circle represents a node in the
3D network. The curved lines show intercon-
nections between nodes. The outer circles de-
pict the hierarchy of clusters of the nodes.

Arthur F. Pease

With a view to identifying abnormal connection patterns, Siemens 

researchers are developing an interactive representation of nodes in the

human brain. In the radial display, each tooth in the inner circle repre-

sents a node. Curved lines show interconnections between nodes.

Prenatal Care for Aquatic Species 
Siemens is making an unusual contribution to the protection of threatened species. 
The company has supplied an ultrasound device that was developed for use in human medicine 
to the Oceanário de  Lisboa in Portugal, where biologists are using it to monitor pregnant stingrays.
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Highlights
78     The Earlier, the Better
          Healthcare systems all over the world

are struggling with rising costs. Tech-
nological progress in the area of early
diagnosis could help to bring expen-
ditures under control, while ensuring
improved treatment. Examples from
Siemens’ research laboratories are
pointing the way. 
Pages 78, 82, 86, 89, 98

89     Home, Sweet Home 
          In the SmartSenior project, Siemens

is testing assistance systems that
could enable older people to live in-
dependently at home for longer than
is currently possible. The latest re-
search from the areas of audiological
devices could also improve seniors’
quality of life. Page 80

111  The Interface Is King
          To establish themselves in everyday

life, technological innovations must
be as user-friendly and as comfort-
able as possible. That’s why Siemens
researchers at the company’s Usabil-
ity Laboratory are using mobile appli-
cations to improve the efficiency of
work processes carried out by a 

          variety of professional groups. 
          Page 111

102   A Village Transformed 
          A hamlet in rural India has taken the

first step toward integrated, self-sus-
taining development in health, wa-
ter, and electricity. Here, Siemens
has installed technologies that could
ultimately benefit every off-grid 

          village in India. Page 102

Island life with a difference: Only a few years

before this scenario, the Uru people living on

the floating islands on Lake Titicaca in Peru

did not even have electricity for light bulbs.

That was before the Peruvian government

launched a development program designed

to radically change their lives. The program

has had a major impact on many areas of life,

including education, healthcare and power

supply.

The sun is rising from behind the mountains
of Peru and making the waters of the lake

sparkle like a sea of diamonds. The 80-square-
meter floating island of reeds on which Juán,
the tribal elder, lives with three other families
rocks gently in the morning breeze and makes
small rippling waves in the water. Women
wearing bowler hats, colorful skirts, and hip-
length braids are sitting at their looms. Nearby,
men are weaving bundles of reeds together in
order to expand their floating home. Juán is
not only the head of the tribe but also its

Peru 2040: The Uru people in the
highlands of Peru used to be
known for their simple lifestyle.
But, as experience has often
shown, nothing stays the same
for long. Four years earlier, the
government launched a develop-
ment program for the floating is-
lands of Lake Titicaca that has
radically changed the lives of
these previously isolated people.

Oracle from 
the Lake

shaman. His people believe he can foretell the
future by reading coca leaves. 

The old man picks up a couple of the fi-
brous green plants, shakes them, and spreads
the leaves on the ground. “Today the doctors
will be coming again,” announces the oracle
with a sly wink. Around him, the children listen
to his words with wide-open eyes. What they
don’t know is that Juán himself has arranged
this visit from the doctors. 

Just a few years ago, this island did not
even have electricity, and its inhabitants — the

Pictures of the Future | Fall 2012 7776 Pictures of the Future | Fall 2012

Technologies that Touch Lives | Scenario 2040



Pictures of the Future | Fall 2012   79

treatments — through personalized medical
care, for example. June 26, 2000, represents a
historic date here, since it was on this day that
a press conference was held with U.S. Presi-
dent Bill Clinton, Craig Venter, and Francis
Collins, two researchers who had just suc-
ceeded in deciphering the human genome. To
this day, a major scientific goal is to open the
door to individualized healthcare. Such a sys-
tem would utilize knowledge about an individ-
ual’s genetic makeup together with early de-
tection methods to identify diseases at a
sufficiently early stage that prevention or ef-
fective treatment would be possible. The es-
tablishment of such a system could in fact im-
prove the chances of patient recovery and
survival while also lowering healthcare costs.

This is exactly the goal researchers in
Siemens’ Translational Biotechnology project
are trying to achieve. Together with partners at

Heidelberg University, the scientists have de-
veloped software for analyzing the genes of in-
dividuals suffering from myocardial insuffi-
ciency (see p. 98). There are also other
methods for detecting diseases at an early
stage. Dr. Maximilian Fleischer from Siemens
Corporate Technology (CT) is working on the
development of a device that uses sensors to
“sniff out” not only cancer but also allergies
and infections from samples of exhaled air. 

Meanwhile, other researchers are working
on a device that weighs about as much as a
cell phone and is equipped with a sensor that
may make it possible for amateur and profes-
sional athletes to determine how much fat
they’re burning when exercising (see p. 88). 

The fact that people are now living longer is
good news, but it also means more people are
getting sick. Aging doesn’t have to be a nega-
tive experience, however — tomorrow’s sen-

What do cars, telephones, water filters, and hearing aids have in common? 
Perhaps not much at first glance — but they are things that people depend on every day. 
Though we take many of these items for granted, they are often driven by complex technologies.

iors could be networked, mobile, and inde-
pendent. To this end, Siemens and its partners
are conducting a three-month practical test of
assistance systems that is designed to help old-
er people live independent lives. The technol-
ogy includes room sensors that detect potential
emergencies and automatically call for help,
and wrist watches that notify users if lights are
on  or if a window is open (see p. 84).

These technologies are still in the research
stage, but others that make our lives easier are
already available. Example include weather
forecasting systems, the mobile Internet, traf-
fic and transport information systems, and
new types of household appliances (see pp.
94, 113). The list of such technologies will cer-
tainly grow. Siemens, for example, is now con-
ducting a field test with partners in the Ger-
man state of North Rhine-Westphalia in order
to find ways of using intelligent information

Innovations are revolutionizing our 

lives in areas ranging from the high-

tech prostheses of Olympic runner 

Oscar Pistorius to ultramodern hearing

aids, and  breath sensors that measure

fat combustion during sports activities.

Flying freight capsules, self-driving cars,
holographic displays that can be controlled

by gestures, and a method for predicting and
thus preventing a murder — these were some
of the technological visions of the year 2054
presented by a team of futurologists that ad-
vised Steven Spielberg while he was making
the film “Minority Report.” It’s anyone’s guess
as to whether, in a few decades, our daily lives
will actually turn out to be the way MIT scien-
tists like John Underkoffler have described, or
the way Douglas Coupland presented them in
his novel Generation X from 2001. Visions of
advanced technologies are nothing new. The
Mayas, for example, decorated the walls of
their temples with ornaments that look like fly-
ing machines. But what leads to such visions?
Is it the urge for progress, the craving for
something new, plain curiosity? Or is it per-
haps simply the wish to make life better and
easier for people? These days, the challenges
of the time demand new solutions — technol-
ogy in the service of humankind.

One example is healthcare. As Dr. Norbert
Hültenschmidt from Bain & Company, a con-
sulting firm, explains, “All healthcare systems

face the same challenges, namely sharply ris-
ing costs due to increased demand for services
— a process that is in turn being driven by
greater prosperity and aging populations.” Dia-
betes and cancer, for example, are no longer
problems exclusive to industrialized nations.
The numbers speak for themselves, as 36 mil-
lion people around the world die every year
from these diseases. According to the World
Health Organization, 80 percent of such
deaths now occur in developing countries and
emerging markets. Healthcare costs are also
being driven by an increasingly aging society.
Alzheimer Disease International (ADI) reports
that dementia-related illnesses generated
costs of approximately $604 billion in 2010
(see pp. 82, 92). What can be done about this?

For one thing, many countries need to re-
form their healthcare systems. Technological
advances could also lower costs and improve

More    than Meets the Eye
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Uros — all earned a living from handicrafts.
But those days are long gone. Four years ago
the Peruvian government launched a develop-
ment program here. As part of the program,
highly efficient solar panels were installed on
the pointed roofs of the Uros’ huts. This en-
abled them to produce electricity, which pow-
ers, for example, the organic LEDs that were
donated to the village. The LEDs, which are at-
tached like paper-thin tiles to the ceilings, now
provide warm light inside the huts. The solar
panels also power the two small electric out-
board motors that are used to steer the float-
ing island along the lake shore.

Because each hut now also has WLAN and
tablet PCs, the children can participate in a dis-
tance learning program. “I’m a fisherman and a
boat builder — but we have to be realistic. Fish
stocks are decreasing, and life on these islands
is getting harder. We want things to be better
for our young people,” says Juán. In the future,
the best students will receive scholarships so
that they can go to universities in other parts
of the country. The state-owned energy sup-
plier has also connected the islands with Peru’s
smart power grid via a sea cable, so Juán can
now feed surplus solar electricity into the na-
tional grid and earn some money.

Juán is also a medicine man — in other
words, one of the shamans who have been re-
spected for centuries on the many islands of
Lake Titicaca for their knowledge of the gods
and natural medicine. But Juán admits, “I can’t
keep up with modern medicine.” That’s why he
was delighted when the “Mobile Doctors” proj-
ect was launched six months ago. In an initial
step, the island inhabitants’ medical data was
registered in the national gene and proteome
database. Using this data, doctors located far
away were able to create profiles of individuals
with illnesses and develop customized thera-
pies for them. In the meantime, doctors have
been traveling to the islands to implement
these therapies. Juán helps them draw up a
schedule for their visits.

“There they are, children! Luíz, bring
Grandma and Grandpa to the doctors’ bus,”
Juán calls out, pointing to a vehicle more remi-
niscent of a rocket than a bus. The cockpit is
jammed with computers, sensors, and cam-
eras. Navigation devices use entered target co-
ordinates to drive the vehicle as though by
magic. A driver is no longer needed, strictly
speaking, but in view of the condition of the
roads there is always one on hand.

The vehicle, which serves as a mobile hos-
pital, also has another advantage — an inde-
pendent electricity network. Thanks to this fea-
ture, doctors can travel to even the remotest
regions and still have enough power for on-
board medical equipment. The vehicle is
equipped with rooftop solar cells, several elec-

tric motors, an emergency generator, and a
wind turbine that can be folded out when
needed. In other words, it doesn’t need an ex-
ternal energy supply.

Luisa, the doctor, turns to Grandma Viviana
and says “Kamisaraki,” by way of a greeting.
But instead of answering, the old lady just gig-
gles. Luisa taps on her paper-thin tablet PC and
points to the hologram of an ear that suddenly
appears. “Can you see this, Viviana?” she asks.
“Today we’re going to set tiny bio-tabs into
your ears right here,” she says, pointing to a
spot on the hologram. “You won’t feel any-
thing, and tomorrow you’ll hear as well as a
16-year-old.” She is speaking very loudly, be-
cause she knows that Viviana can hardly hear
anything. The bio-tab is a state-of-the-art hear-
ing aid that is set into both ear canals and has
brought stereo hearing to a state of perfection.
Viviana smiles shyly and nods. 

In the meantime, Harvey, a doctor in the
bus, is scanning the head of 70-year-old Pedro,
after having first injected him with a bio-
marker. During a previous visit, Pedro was in-
formed about Alzheimer’s, because the gene
and proteome database had provided the ini-
tial indications that he had a genetic predispo-
sition to this disease. And in fact, the first signs
of Alzheimer’s can already be seen on the MRI
scan. “These are the spots where the amyloid
plaques caused by Alzheimer’s will show up if
we don’t take the necessary steps right now,”
says Harvey. “With your permission, I’m going
to implant a medicine dosage device in your
body that will release certain substances at
predefined times. These will slow down the
progress of the disease or may even halt it
completely. The device is also connected with
our hospital via a data interface so that we can
regularly check that it’s working okay.” But Pe-
dro isn’t listening — he is much too fascinated
by the projected image of his brain. Wide-eyed,
he is trying to get hold of the hologram — un-
successfully, of course, because his fingers are
literally whisking through the projection. 

In the course of the day, the team performs
20 lab tests and notes the results in digital pa-
tient files. It also compares the results with
those of other patients as well as with the data
in the gene and proteome database. Finally,
Adam, a specialist in respiratory diseases, un-
packs a device about the size of a mobile
phone. Using this device, he examines the chil-
dren’s breath for signs of asthma or tuberculo-
sis with the help of gas sensors. The aim is to
reduce the occurrence of these diseases by 30
percent by the end of the year. 

As the hospital bus departs, the moon has
already risen high above the lake. Juán waves
goodbye as his island disappears in the wisps
of fog winding through the ice-cold night.

Hülya Dagli
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Nominated for the German Future Prize 2012 for their

development of an innovative hearing aid technology

(left to right): Dr. Torsten Niederdränk (Siemens AG),

Prof. Birger Kollmeier (University of Oldenburg), 

Dr. Volker Hohmann (University of Oldenburg)
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People who have trouble hearing tend to withdraw from their friends and social activities. 
Today’s state-of-the-art hearing aid systems can help hearing-impaired people to live a full 
life again. Siemens scientists are focusing on systems that create a natural hearing experience 
by means of computing technologies developed through hearing and acoustics research.

opment of hearing instrument technology at
Siemens. Several hundred Siemens employees
at the Audiology business unit in Siemens’
Healthcare Sector are developing ever more
technically sophisticated and virtually invisible
hearing aid systems.

Research and technological advances have
always played a key role in the development of
hearing aid devices. Back in 1878, company
founder Werner von Siemens designed a tele-
phone amplifier for people with hearing prob-
lems (see Pictures of the Future, Fall 2004,
p. 86). Then, around 100 years ago, the com-
pany introduced the first hearing aids. The de-
vices consisted of a battery, a microphone, and
an earpiece, sometimes elegantly packaged in
a small bag or case. 

Since then, the units have gotten smaller
and smaller. The first behind-the-ear unit was
launched in 1959 and was followed in 1966 by
the first in-the-ear device. The first digital hear-
ing aid system was introduced in 1997. 

Digital signal processing in particular has
been a constant source of innovation. In 2004,
a team of audiologists, psychoacoustics ex-
perts, and chip designers led by Niederdränk
achieved a major breakthrough by linking, for
the first time ever, two hearing aid units on the
left and the right ears via what at the time was
the smallest radio system in the world. The
two units were designed in a way that enabled
them to automatically and simultaneously ad-
just themselves to new auditory situations.
This synchronized system was particularly
helpful to people with hearing damage in both
ears. 

In the years that followed, Siemens built on
the knowledge it gained from such synchro-
nized systems to develop numerous new func-
tions that were eventually combined under the
heading of BestSound Technology, which now
serves as a technical development platform for
providing hearing-impaired users with a pleas-
ant and realistic acoustic experience. For ex-

ample, an active acoustic feedback manage-
ment system now suppresses annoying peep-
ing sounds at lightning speed, while intelligent
filter functions reduce or avoid the “cocktail
party effect” (loud background noises that
make it difficult to distinguish words).

“Miniaturization of the electric-acoustic
components and steadily improving computer
performance have enabled us to continuously
improve signal processing, even to the point of
three-dimensional sound capture and process-
ing,” Niederdränk explains. 

System developers believe that there is also
great potential to be harnessed from chip de-
sign improvements for in-the-ear devices car-
ried directly in the auditory canal and for be-
hind-the-ear hearing aids. 

Also on the agenda is the further develop-
ment of binaural hearing aid systems with in-
tegrated radio technology. “Our binaural sys-
tems have brought us very close to our goal of
creating a balanced and pleasant hearing ex-
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and communication technologies to automate
the electricity supply in private households.
Among other things, this would lower electric-
ity costs for consumers (see p. 100). 

According to Dr. Patrick Baudisch, who is
conducting research into new and unusual op-
erating concepts at the Hasso Plattner Institute
in Potsdam, Germany, smartphones might
soon be a thing of the past. “Desktop comput-
ers and mobile devices will merge until at
some point we’ll only be carrying one com- put-
er around with us that has the shape and func-
tionality of a cell phone,” Baudisch predicts.
This is just one of the many developments
Baudisch is examining. Another one involves
new operating interfaces such as “touch floors”
that report emergencies much in the same
way room sensors in the SmartSenior system
do. Yet another project focuses on implanted
medical devices like pacemakers that can be
operated through the skin without any need
for assistance from a physician (see p. 108).

and speed up operations. Similar apps for
smartphones and tablet PCs will probably be
used more extensively in the future in many
different places, such as hospitals and indus-
trial plants, where they will make work
processes more efficient.

Doing a Lot with a Little. Technologies that
make our lives easier are truly wonderful —
but they aren’t accessible to everyone around
the world. Around 70 percent of the people in
India, for example, live on only two dollars a
day. For them, it’s the necessities that are miss-
ing — things like clean drinking water, hygiene
systems, and electricity. This lack of services
has a huge impact on living conditions, espe-
cially in rural areas. But there are nevertheless
reasons for hope. 

In Amla, a village 130 kilometers north of
Mumbai, Siemens installed solar power facili-
ties and water filters in the summer of 2012
(see p. 102). Since then, the villagers have

How to     Put Brains in Your Ears

Problems with hearing are increasing world-
wide. There are around 55 million hearing-

impaired individuals in Europe, and the Center
for Disease Control and Prevention (CDC) in At-
lanta, Georgia (USA) estimates that one out of
every four U.S. citizens over 70 has a hearing
deficit. What is more, as the average age
around the world continues to grow, the num-
ber of people with hearing impairments is ex-
pected to skyrocket. In general, not much can
be done in terms of drugs or surgery to treat
hearing problems. Modern hearing aid tech-
nology, on the other hand, can compensate for
most types of hearing disabilities. 

“Today’s hearing aid systems are like ex-
tremely compact computers that break up
sound waves into various frequency ranges
and then reconstruct them into an acoustic
pattern that is aligned with the patient’s indi-
vidual auditory ability,” says Dr. Torsten Nieder-
dränk, an acoustics expert who, in the course
of several positions, has shepherded the devel-

been enjoying 20,000 liters of clean water per
day and no longer have to make a long trip by
foot to the next well. Illnesses such as diarrhea
have all but vanished, although in India as a
whole around 1,600 people still die from it
every day. The residents of Amla now have
electricity and light as well, which is helping to
improve education because children are able
to study at night. Project manager Prashant
Chandwadkar believes this project is extremely
important. “These technologies could be used
to transform every village in India in a similar
way,” he says. 

Such examples make it clear that technolo-
gies that are useful to people don’t necessarily
have to be as exciting as those presented in the
movie “Minority Report.” Small and inexpen-
sive solutions can also be very helpful. Some-
times even a 1.5-meter-long water filter can be
enough to change the lives in a positive way.
That’s what the 300 residents of Amla have
discovered. Hülya Dagli

If such innovations are to be successful,
they need to be as user-friendly as possible, so
ease of operation is the top priority for
Siemens researchers. In line with this philoso-
phy, Werner Chmelar and his team at the
Siemens Mobility plant in Vienna, Austria have
developed new grab handles for the Inspiro
subway system (see p. 115). The handles look
like tree branches, which brings to mind the
concept of sustainability. Moreover, because
they are of varying heights, they can be used
by people of all sizes. The new subway will also
be handicap-accessible. Klaus-Peter Wegge,
who is himself blind, is testing different com-
ponents and making suggestions for improve-
ments. Usability experts from Siemens are also
taking a close look at the user-friendliness of
the work environment (see p. 111). Among
other things, they are now developing an app
that will allow train conductors to communi-
cate with one another in real time, regardless
of where they happen to be. This will save time

Siemens has equipped a remote village in India with water filters and other equipment to improve health.

Technologies that Touch Lives | Hearing Aids



World Bank income bracket               Cholera          Measles          Leprosy           Malaria
low (under $1,025)                                   177,106           76,479            35,243        59,559,481
low to medium ($1,026–$4,035)                                    125,901          169,191       21,396,019
medium to high ($4,036–$12,475)                                  13,401            39,886           696,248
high (over $12,475)                                                              6,537                297

Source: WHO, number of global cases in 2009

Infections: Incidence Related to Income
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“All healthcare systems around the world face the

same challenges — namely, sharply rising costs due to

an increased demand for services. This is being driven

by increased wealth and an aging population,” says Hül-

tenschmidt, who also points out the pronounced dispar-

ity between national healthcare costs. In the United

States these costs add up to 17.9 percent of the gross

domestic product, while in Germany the figure is 11.6

percent, and in developing countries it ranges between

five and seven percent. In Kenya, $7 — adjusted for pur-

chasing power — are spent per capita on healthcare

every month, according to WHO estimates. In China the

figure is $32, in Germany it’s $300, and in the United

States it’s $370. 

Sooner or later many countries will have to institute

sweeping healthcare reforms. One shining example is

Denmark, which has introduced a highly efficient sys-

tem of electronic medical files and tax incentives to en-

courage visits to the family physician. Another example

is Singapore, where every citizen has a right to free basic

healthcare. Additional medical services are financed

from a kind of personal account that works similarly to

life insurance. 

But the situation is less promising elsewhere. In Ger-

many, for instance, patients visit two to three expensive

specialists on average before finally undergoing treat-

In China, where 200 million inhabitants have

achieved a standard of living that is comparable to that

in Europe, a much higher proportion of people die of di-

abetes and coronary and circulatory diseases than in

most industrialized countries, according to WHO figures.

In its global status report, the WHO refers to an “invisible

epidemic” that has become one of the most underesti-

mated causes of poverty and underdevelopment in

many countries. According to WHO estimates, 36 mil-

lion out of 57 million deaths worldwide were caused by

non-contagious diseases in 2008. In poorer countries,

mostly younger people are affected: WHO figures show

that in these countries 41 percent of adult mortality un-

der the age of 60 is caused by such diseases — three

times as much as in the wealthiest countries. Some of

the side effects of this development are high treatment

costs and losses in productivity totaling $47 billion

within the next two decades, according to a study by the

World Economic Forum in Davos and the Harvard School

for Public Health. 
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ment. At the same time, the number of family physi-

cians is decreasing while medical specialists are increas-

ing, and there are fewer new doctors than those who

are retiring. In addition to rising costs, warns Hül-

tenschmidt, the shortage of doctors is one of the most

pressing concerns if we want to create high-quality

global healthcare. India, for example, is short of more

than a million doctors, and people in some regions don’t

have any doctors nearby. 

Fortunately, modern technology often offers the po-

tential to improve the quality of healthcare while simul-

taneously lowering costs. This is due to a number of fac-

tors. These include the introduction of electronic

medical records; close networking among patients, in-

surance companies, and doctors; more efficient clinical

processes; improved preventive check-ups and early

recognition of diseases; and treatments and drugs that

are tailored to the needs of specific groups of patients,

to name just a few. 

But will these measures help to lower healthcare

costs? “We have to be realistic,” says Hültenschmidt.

“Only measures that take all parties into consideration

will help us achieve increased efficiency as well as im-

proved quality. Ideally, these measures will at least stabi-

lize our healthcare costs and at the same time create

room for innovations.” Urs Fitze

                                                                                    Men                                    Women    
                                                                        2009  2000  1990                2009  2000  1990
World Bank income bracket                          
low (under $1,025)                                       361     407     395                  280     324     314
low to medium ($1,026–$4,035)               210     232     248                  140     167     188
medium to high ($4,036–$12,475)           239     278     262                  128     140     132
high (over $12,475)                                      115     132     160                   61       68       78

Source: World Health Organization (WHO)

Source: German Federal Statistical Office. Not including €57.6 billion in other costs (e.g. administration, emergency calls)

Source: Bain & Co., GDP = gross domestic product

Income: A Key Factor Affecting Lifespan
Mortality rates for 15 to 60-year-olds per 1,000 people
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How Wealth Affects Health

A ccording to estimates by the World Health Organi-

zation (WHO), a child born in Kenya today will have

a life expectancy of 60 years. That child’s 60-year-old

grandmother can probably look forward to another 17

years of life. In China the life expectancy of a newborn is

74 years, while 60-year-olds will reach an average age of

79 years. On the other hand, a child born in Germany to-

day will more than likely live through to the next century

— considering that the average life expectancy there is

78 years for boys and 83 years for girls. 

This comparison illustrates the stark discrepancies

that still affect the lives of children born in different

countries. But it also shows that people who reach re-

tirement age have a similar life expectancy all over the

world. What’s difficult are the earlier stages of life. Ac-

cording to the WHO, 361 out of 1,000 people from the

world’s poorest countries will die between the ages of

15 and 60. Countries with a low to medium average in-

come will experience 210 deaths per 1,000 inhabitants

in this age range (approximately the global average),

of the world — even though progress has been slow in

the poorest nations of South Asia and Latin America.

The goals for safe drinking water that had originally

been set for 2015 were actually already met in 2010. Yet

almost 800 million people around the world have access

to drinking water of only dubious quality. 

Today, people are increasingly suffering from non-

infectious diseases, whether chronic or acute in nature.

These include coronary and circulatory diseases, cancer,

respiratory illnesses, and diabetes. The risk factors are

well-known: tobacco and alcohol, an unhealthy diet,

high blood pressure, and excessive blood glucose and

cholesterol levels. In fact, these unhealthy aspects of

modern life are now also beginning to affect developing

and newly industrializing countries. Dr. Norbert Hül-

tenschmidt, a health expert from consulting firm Bain &

Company, explains one such example: “In India, the im-

provement in the quality of life is being accompanied by

the rise of diseases that are typical of affluent countries,

such as obesity.” 

Country                                                Men            Women
Afghanistan                                           765                578
Argentina                                               263                153
Australia                                                 136                 89
China                                                      312                260
Denmark                                                180                107
Germany                                                207                134
France                                                    128                 69
Canada                                                   152                 90
India                                                       386                283
Austria                                                    188                124
Russia                                                     772                414
Switzerland                                           143                 86
USA                                                         190                122

Source: WHO, data for 2008

Source: International Diabetes Federation, 2011

while only 115 out of 1,000 people in this group will die

in nations with very high average incomes. 

Why is that? A few years ago the answer would have

been simple. Life-threatening infectious diseases such

as malaria and measles, which are practically extinct in

industrialized countries, were responsible for large num-

bers of deaths in developing countries and emerging

markets. Thanks to improvements in hygiene and vacci-

nation, however, the situation has drastically improved

since then, with the exception of some of the world’s

poorest countries. According to the United Nation’s lat-

est report on its Millennium Development Goals, signifi-

cant progress has been made in the battle against HIV,

tuberculosis, and other infectious diseases in many parts

Deaths from Cardiac Diseases and 
Diabetes per 100,000 Inhabitants
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perience,” says Günther Pausch, Director of
Siemens Audiology. 

Binaural systems work in coordination with
the auditory perceptions of both ears because
the brain’s hearing center needs this informa-
tion in order to generate authentic stereo-
phonic sound. Working with specialists from
Hörzentrum Oldenburg, an audiology center
west of Hamburg, Germany, Siemens is learn-
ing how different sounds, tones, and voices
coming from different directions are per-
ceived. Differences in time and sound intensity
have a big impact on such perceptions, as they
allow the brain to precisely localize voices and
sounds and filter out other signals. “We’re
working very closely with Oldenburg’s “Audiol-
ogy Valley” community to develop algorithms
that can process real-time data from both hear-
ing aids simultaneously, thus creating a three-
dimensional, homogeneous hearing experi-
ence,” says Niederdränk.

Smart Ears. Many hearing aids use a wireless
transceiver to meet ever more demanding
requirements. Siemens experts have been able
to place such a unit, which is only a few
millimeters long, directly onto the hearing
aid chip. 

Binaural hearing aid systems wirelessly ex-
change huge amounts of data. The data is con-
tinuously used to calculate and fine tune
acoustic signals to both ears, thus generating a
homogeneous spacial sound experience. The
systems carry out sound analyses many thou-
sands of times per second; the results are then
exchanged between the two units. High-end
devices can automatically differentiate be-
tween spoken words and adapt their output
accordingly, thus resulting in optimized under-
standing of speech, as well as sound quality
that adapts to every conceivable acoustic situ-
ation at lightning speed. 

Extensive research activities and even finer
chip architectures will continue the 100-year-
old success story of Siemens hearing aids. In
recognition of their forward-looking develop-
ment of binaural hearing aid systems and the
great utility these have offered to hearing-im-
paired users, the University of Oldenburg nom-
inated Niederdränk and his partners Prof.
Birger Kollmeier and Dr. Volker Hohmann in
September 2012 for the German Future Prize
awarded by the President of Germany. Back in
the labs, Siemens scientists are already testing
new hearing aid models and classification al-
gorithms that will further improve selective
hearing in noisy environments. “The systems
will become more intelligent and their audi-
tory output will become more natural, among
other things with the help of an automatic
acoustic situation recognition feature,” Nieder-
dränk explains. Andreas Beuthner
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Very soon, revolutionary analysis technology from Siemens could be improving the lives of asthma
 patients, enabling the early diagnosis of life-threatening illnesses, and making surgical procedures
safer. The goal is to create a universal device that can diagnose cancer, allergies, and infections.

Sniffing out Diseases
Technologies that Touch Lives | Sensors

Some illnesses produce a unique molecular 

signature in a patient’s breath. Researchers 

are confident that quadrupole mass spectroscopy

will make rapid diagnoses possible.

Sensors (left) react to a range of molecules, 

including those of acetone. Prof. Maximilian Fleischer

is researching new materials applicable to breath diag-

nostics  (center). Test tubes with breath samples are

providing the basis for further examinations. 

Professor Maximilian Fleischer has a special
reason for visiting lots of doctors these

days. A top researcher at Siemens Corporate
Technology in Munich, Fleischer observes their
work and asks them about their methods for
diagnosing and treating diseases — specifi-
cally the kind of analysis equipment that might
support them. “For example,” says Fleischer,
“there is still no reliable way to make an early
diagnosis of lung cancer. By the time the first
symptoms appear it’s usually too late. On aver-
age, patients live for only about two years after
their condition has been diagnosed.” Yet lung
cancer would be largely curable if it could be
recognized early.

The case is similar for tuberculosis, a dan-
gerous lung disease, where late diagnosis can
spell fatal consequences. “The patient is conta-
gious for a long time without knowing it, ex-

With this in mind, Siemens researchers are
employing a classic analytical method from the
chemical laboratory — quadrupole mass spec-
troscopy. When a breath sample enters this de-
vice the first thing that happens is that it is
bombarded with ionized mercury particles.
This procedure gives an electric charge to the
substances in the sample. 

The charged particles are then passed
through an electric field and are finally
slammed into a detector. Because they don’t
weigh the same, the degree to which the parti-
cles are deflected in the electric field varies.
The result is that they land in different places
on the detector, producing a characteristic im-
pact pattern — a sort of fingerprint that ex-
poses diseases. 

The first breath tests from cancer and tu-
berculosis patients were very promising. “But

goal is to create a universal device that offers a
wide spectrum of diagnostic possibilities. It
should not only be able to recognize different
forms of cancer, but also detect allergies and
infections. 

A Test that Predicts Asthma Attacks. A
forerunner of Fleischer’s breath analyzer is a
device designed for asthma patients that
should soon be available on the market. The
device detects the imminent onset of an
asthma attack. What’s more, because it is
about the same size as a CD box, asthma suf-
ferers can easily carry it around. 

“Basically, in order to know the status of a
patient’s asthma, all that’s necessary is to es-
tablish the proportion of a single, easily de-
tectable type of molecule in the patient’s
breath,” explains Fleischer. That substance is
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posing other people to this highly infectious
disease,” Fleischer explains. In a recent report,
the World Health Organization (WHO) esti-
mates that 3,800 people die every day from tu-
berculosis — mostly in developing nations. 

Even though the number of new infections
is declining, the explosive nature of new out-
breaks is on the rise as more and more of the
bacterial strains that cause the disease are
demonstrating increased resistance to com-
mon antibiotics. An easy and reliable method
for the early diagnosis of this life-threatening
disease — such as a breath test, for example —
is at the top of many doctors’ wish lists. That’s
why Fleischer’s team is working on equipment
that analyses people’s breath. 

“Chinese doctors have known for two thou-
sand years that specific illnesses can be identi-
fied by changes in the smell of a person’s

breath,” explains Fleischer. Western medicine
has been slower to catch on to the significance
of this phenomenon. However, ever since the
medical journal Lancet featured a report about
a dog that was able to detect it’s owner’s skin
cancer, things have changed. 

In fact, the worldwide search for gaseous
bodily emissions that could betray the pres-
ence of disease has been in high gear. In most
cases, detection is a matter of analyzing “cock-
tails” made up of a number of highly complex
molecules, which are also to be found in the
breath or bodily emissions of healthy people,
just in different proportions. 

Today, most research groups are looking for
these suspicious mixtures of substances with
detection arrays made up of eight to ten differ-
ent sensors. “But that hasn’t really worked well
yet,” reports Fleischer. 

with a field-effect transistor (FET). When NO
molecules accumulate on the chip, the FET
measures high voltages and sends a signal to
the electronic evaluation system. 

The system is extremely sensitive. Nor-
mally, human breath contains, at most, 30 NO
molecules per billion other molecules (30
ppb). But if this concentration rises to 100 ppb
the sensor can detect the change. For compari-
son, that’s the equivalent of finding the mole-
cules of a sugar cube dissolved in a large swim-
ming pool. The sensing system, which is now
at the prototype stage, doesn’t react to other
things, such as alcohol, acetone or bad breath.
With this device, people afflicted with asthma
will be better equipped to prevent asthma at-
tacks, against which they can then proactively
inhale a large dose of bronchodilators and
anti-inflammatory medication. 

nitric oxide (NO) and it can rise to five times its
normal levels several hours before an asthma
attack. The gas is therefore a clear indicator of
inflammation processes in the respiratory
tract. 

Fleischer’s new detection device is
equipped with a roughly dime-sized sensor
that contains the colorant phthalocyanine.
This blue dye, which is also used for coloring
eggs, binds very selectively with NO molecules
thus changing their electrical properties. “And
that’s something that we can measure very
easily,” says Fleischer. That’s because the dye
comes into contact with a microchip equipped

A different sensor that would function in a
similarly straightforward way could be de-
signed for use when running or working out.
This device would show if the body was not
only burning the basic component of carbohy-
drates, glucose, but also fat — and in the opti-
mal relationship of 40 to 60. Weight-conscious
fitness fans would only have to exhale into a
cell phone-sized device that would measure
the concentration of acetones in their breath. 

Most people probably know acetone as a
solvent, but it is also a by-product of our me-
tabolism. “Achieving a concentration of about
one ppm — meaning one molecule of acetone
per million other molecules — in a breath sam-
ple, is the ideal way to actually lose weight
when exercising,” says Fleischer. Building such
a sensor won’t be a problem, either. In fact, the
researchers are already on the lookout for a

to be sure that this method really works, we
have to do additional testing on samples from
several hundred patients,” reports Fleischer. It
could be that the concentrations in a charac-
teristic gas “cocktail” are also influenced by a
patient’s sex, age, ethnicity, or eating habits,
for example. 

The researchers also want to know if this
kind of diagnosis would work with smokers.
But if the first results with the new method are
confirmed, things could progress very quickly.
That’s because shrinking the spectrometer
equipment down to about the size of a suit-
case and perfecting the software for use in a
doctor’s office or clinic is a matter of pretty
routine engineering according to Fleischer.
Meanwhile, the scientists want to go ahead
and see if the new method can be applied to
the diagnoses of other illnesses as well. Their



Pictures of the Future | Fall 2012   87

Volumes of data regarding our vulnerability to 

diseases are stored in each person’s genes. 

Researchers examine blood samples in a search 

for micro-RNAs that form after a heart attack.

but it doesn’t have to be,” Meder explains. In
fact, the symptoms can also be caused by toxic
damage, a virus infection or a circulatory disor-
der. The problem is that knowing the precise
cause is very important when choosing treat-
ments and making medical prognoses. “Some
gene alterations can be very dangerous to a
patient,” says Meder.

With this in mind, in 2011 scientists from
Heidelberg University teamed up with col-
leagues from Siemens Corporate Technology
(CT) in Princeton, New Jersey, to develop new
software that not only analyzes and manages
the huge amount of data generated by genetic
tests but also presents it to physicians in a very
clear manner. “Here we used tried and tested
software as a basis and then recombined the
software components in an intelligent way,”
says Dr. Andreas Keller, a researcher from the
Chief Technology Office of Siemens’ Health-
care Sector.

“Micro-RNAs enter the bloodstream via two
different mechanisms when a heart attack oc-
curs,” says Meder. They are either released
when heart tissue dies, or else there is a
change in the micro-RNAs in cell types such as
leucocytes and thrombocytes that occurs as a
reaction to a traumatic event. It is basically
possible to identify such markers for diagnostic
purposes today, but the laboratory techniques
required for this are time-consuming and ex-
pensive. 

Nonetheless, CT researchers in Erlangen
have taken up the challenge. Within the frame-
work of Siemens’ “Translational Biotechnology”
lighthouse project, they are examining
whether a type of “lab-on-a-chip” platform
could be developed that would allow such
tests to be conducted simply and quickly. The
researchers are focusing mainly on better
methods for diagnosing heart attacks on the
basis of micro-RNAs.

Looking for RNA. New techniques now being
developed could be used to quickly and reli-
ably diagnose a heart attack. Until recently, the
common practice for this was to analyze a pa-
tient’s blood for proteins that are released by
the heart muscle during a heart attack. Here
too, the presence of such proteins can have
many different causes, which can make it very
difficult to quickly differentiate between a
heart attack and a heart muscle infection, for
example.

A more rapid and possibly better way to di-
agnose a heart attack would be to look for spe-
cial micro-RNAs — i.e. ribonucleic acids — in
the patient’s blood or serum. So-called “micro-
RNAs” have been found to play a key role in the
complex gene regulation network. This new di-
agnostic field is very promising, which is why
Heidelberg University and Siemens are collabo-
rating to assemble key genetic, clinical, and
technological information in this area.

A medical revolution is in the making. Scientists plan to use the huge amount of 
data contained in genes to place the diagnosis of illnesses such as heart disease on 
a new foundation. Working in close cooperation with Heidelberg University, Siemens 
researchers have developed software that puts genetic information to work. 

Paths to Personalized Care
Technologies that Touch Lives | Biotechnology

The numbers speak for themselves. At least
200,000 people in Germany alone suffer

from cardiomyopathy, an often genetically-
triggered deterioration of the function of the
myocardium — in short, the heart. 

To date, researchers have identified more
than 50 genes that can cause the disease or in-
crease its severity if they are defective. Cur-
rently available diagnostic techniques cannot
definitively isolate the genetic causes of this
cardiovascular disease. 

Dr. Benjamin Meder, a physician at Heidel-
berg University Hospital, believes this repre-
sents a huge challenge. “In general, modern
diagnostic methods, such as magnetic reso-
nance tomography, can only detect weak-
nesses in myocardial performance,” he says.
“In most cases the precise cause of the condi-
tion can not be identified.” 

Like most other illnesses, cardiomyopathy
can have many causes. “It could be genetic,
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partner company that will mass produce the
small devices.

Tissue Analysis with Light. Another point of
focus for Fleischer’s team is measurement
technology that would literally shed light on
things during difficult operations. “For exam-
ple, in the case of brain tumor operations,
such a feature would make it easier for sur-
geons to tell the difference between healthy
and diseased tissues,” says Fleischer. 

With a normal surgical microscope, it is ex-
tremely difficult to make this distinction, which
can have serious consequences. If the surgeon
doesn’t remove enough tissue, the cancer
can grow back. But if too much is removed,
function could be compromised. According to
Fleischer, better insight into tissue structure is
important for other operations as well, such as
those involving the throat, where the vocal
chords could be at risk, or during prostate sur-
gery, where a mistake could mean inconti-
nence. 

Help in achieving improved accuracy may
come from a device developed by Siemens’
measurement technology center that is used
in food quality control. The device can reveal
how fresh a meat sample is, or what animal it

Siemens researchers are developing a range of sensitive breath analysis tests. 

A light sensor directs near-infrared rays onto the spot

under examination.

came from (see Pictures of the Future, Spring
2010, P. 70). But it might also be used in the
operating room. About the size of a ballpoint
pen, the probe contains fiber optics that direct
light from the near infrared spectrum onto a
point of interest. Near infrared light penetrates
the topmost millimeters of the tissue and, un-
like X-rays, is completely harmless. 

Information about tissue structure is pro-
vided by the light that is reflected back to the
testing probe, which directs it to an infrared
spectrometer. “Which wavelengths of the light
are absorbed and which are reflected is, in
part, determined by the molecular organiza-
tion of the cell walls,” explains Fleischer. “Be-
cause tumor cells grow so fast, their cell walls
are less uniform than those in healthy cells — a
feature we can make visible with our method.”
When light from the sensor reaches the edge
of the tumor, the interface can be pinpointed
with an accuracy of less than a millimeter.

The light sensor has already passed the acid
test. With the help of this device, surgeons
have been able to discern the difference be-
tween healthy and diseased tissue in throat
cancer patients. What is more, tests on labora-
tory rats show how well the device can identify
the boundaries of a brain tumor. However, the
new method can not be tested on people with
brain tumors because the laboratory device for
this type of operation can not currently be ade-
quately sterilized. “It has to be cleaned under
high pressure and at high temperatures; the
connections for the optical elements can’t sur-
vive that yet,” says Fleischer. 

Should upcoming tests prove successful,
scientists intend to build a version of the ma-
chine that can be sterilized quickly. Clinical tri-
als could then begin. If everything goes as
planned, the first models of the new surgical
assistants could be available in a few years. 

Andrea Hoferichter
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Out of the lab and into real life. As part of a major field study, the SmartSenior 
project and its partners equipped the apartments of 35 senior citizens with assistance 
systems. The purpose of the trial was to determine how reliably the 
technologies function and how well they are accepted.

Senior Living 2.0
Technologies that Touch Lives | Assistance Systems

Networked, healthy, and mobile lives — that’s

what senior citizens could have if the assistance

systems for the elderly used in the three-month

SmartSenior test become reality.

So, that’s it,” says Sigrid Gorn, 83, who’s sit-
ting in a chair in her living room looking at

the display of a blood-pressure reader on her
wrist. On her TV set she can see the smiling
face of Malte Cornils, a computer scientist at
the Telemedicine Center in Berlin’s Charité
Hospital (TMCC), who is in touch with her
through a video link. “Everything’s OK,” Cornils
says. “I’ve received your blood pressure and
pulse readings.” 

Gorn is one of 35 senior citizens in Potsdam
who participated in a field test of assistance
systems for the elderly. The technologies that
were tested in the roughly 50-day trial are part
of the “Ambient Assisted Living” program
(AAL), a part of the SmartSenior@home proj-
ect funded by Germany’s Federal Ministry of
Education and Research (see Pictures of the Fu-
ture, Fall 2011, p. 24). 

The project has 28 participating partners
from industry, research institutes, and
medium-sized businesses. “There’s never be-
fore been an AAL project on this scale and with
so many partners in Germany,” says Michael

Balasch, the coordinator of the SmartSenior
project and Research & Innovation Director for
Health at Telekom Innovation Laboratories (T-
Labs). “The project’s overriding goal has been
to move away from isolated solutions and de-
velop a standardized AAL platform. Another
key target is to ensure affordable AAL and
telemedicine solutions for seniors through a
system of open standards.”

The “SmartSenior@home” project was car-
ried out under the direction of Dr. Mehmet
Gövercin, Head of the Technology and Aging
working group at Charité Hospital. Gövercin
was responsible for presenting the project plan
to an ethics commission; once the clinical
study was approved, work was able to begin.
After passing the final product inspection
phase, the project’s technologies were in-
stalled in 35 apartments and the participating
seniors were taught how to use them. 

One of the devices tested in the project was
a wristwatch developed by Dr. Asa
MacWilliams and his team at Siemens Corpo-
rate Technology (CT). The watch notifies users

if, for instance, they have left the apartment
and forgotten to shut a window or turn off the
lights. The test subjects were even able to use
the watch to shut off lights in their apartments
as long as they were located within the range
of their home WLAN system. The watch did
this by sending a command to an AAL Home
Gateway provided by T-Labs that was placed
behind the TV in each participant’s apartment.
The signal was then forwarded to the home
systems control unit.

Also tested were two gas sensors from CT
that measure volatile organic compounds in
the air. These sensors were installed in Gorn’s
bedroom and study. The goal of this test was
to determine whether gas sensors can provide
information on activities occurring in the
apartment — e.g. whether a senior is cooking,
or if rooms are occupied when visitors have ar-
rived. Such information can be useful for en-
suring energy-efficient ventilation and climate
control systems, for example. Special software
in the AAL Home Gateway collected and ana-
lyzed the sensor data in the test. “If seniors are
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Genetic First Aid. An initial demonstration
unit for improved genetic analysis of heart
muscle weakness (dilated cardiomyopathy)
was recently completed (September 2012) at
Heidelberg University Hospital. “We hope to
see initial results soon, as the cardiologists in
Heidelberg already have data sets for around
one thousand patients,” Keller explains. He
adds that another 150 data sets will be added
to the collection each year, which will provide
doctors with an increasingly solid foundation
for future studies. 

“Of course, the challenge is also to make
sure that a physician isn’t just given simple lab
results, as was previously the case,” Keller says.
Instead, he or she will be issued gigabytes of
information on each patient. That won’t be a
problem, however, given the fact that Siemens

Wirsz says the scientists started with cardio-
logical disorders because they’re easier to
manage than cancer-related diseases. The lat-
ter are more complex, of course. “But that’s all
right, because we can learn from the cardiol-
ogy applications and then transfer the knowl-
edge we gain to other areas,” he says. To this
end, Siemens Healthcare is planning partner-
ships with several cancer research organiza-
tions. 

“We’ll probably start with tumor diagnosis
in children,” says Keller. That’s because the in-
fluence of genetic predisposition in such cases
is generally very high. It may be possible over
the medium term to examine the blood of can-
cer patients in a targeted manner designed to
identify genetic defects, and then use the re-
sults to draw up an optimal treatment ap-

come increasingly important. “We are working
on multiple levels to ensure that patient data
will remain accessible only to authorized indi-
viduals,” says Keller. That will be crucial as
data is increasingly stored on external servers
in the cloud. 

Personalized Medicine. Siemens resear ch ers
are also taking a close look at the future field
of pharmacogenomics, which involves medical
treatments tailored to a patient’s individual ge-
netic profile. This issue is very important be-
cause it’s becoming more and more difficult to
develop new medications that are effective for
large segments of the population yet that have
few side effects. The pharmaceutical industry
needs to invest billions if such blockbuster
drugs are to be created. Up until now, regula-

has many years of experience and expertise in
evaluating large amounts of data. “Our
strength here is the ability to extract clinical in-
formation that doctors can understand,” says
Keller. 

“Our initial goal for the demonstration unit
is to prove that the sequence data we collect
corresponds to clinical expectations,” explains
Dr. Emil Wirsz, a Siemens researcher from CT in
Erlangen who heads the Translational Biotech-
nology lighthouse project. “Our primary focus
is to improve the diagnosis of cardiomyopathy,
but our systems can also be modified, which
means we can use them to detect other cardio-
vascular diseases — and even apply them to
completely different areas, such as the early
detection of cancer.” 

proach. The software developed by Siemens
will gradually be expanded to accommodate
this approach, says Keller. 

Although the goal of the Erlangen and Hei-
delberg research programs is to ultimately rev-
olutionize diagnostic methods, they are al-
ready thinking about possibilities for improving
individualized disease prediction. “It’s conceiv-
able that we’ll be able to affordably conduct
complete genome sequences in the near fu-
ture,” says Wirsz. This could allow risk factors
to be identified for a variety of conditions, such
as many heart diseases, cancers, and
Alzheimer’s disease. 

Naturally, with so much sensitive informa-
tion potentially flowing from tomorrow’s ge-
nomic tests, the issue of data security will be-

tory organizations have refused to approve
medications that only help 20 percent of pa-
tients on average. Now, however, we know
that genetic makeup often determines
whether or not a certain drug will work on a
patient — and a susceptibility to specific side
effects is often inherited as well. The new
trend here is companion diagnostics — tests
that can be used to determine whether a treat-
ment in a specific case will lead to success, and
thus to indicate whether the drug in question
should be approved for use with certain pa-
tient groups. “This is exactly the situation in
which our software can be used as well. In
other words, it might help personalized medi-
cine achieve a big breakthrough,” says Wirsz.

Rolf Froböse

Left and center: Researchers are studying fish larvae to understand specialized gene functions. Right: Siemens software helps cardiologists to analyze genetic data.
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moves a sterile rinsing fluid back and forth
from a small bag to the peritoneum. The ad-
vantage here is that the dialysis process can be
carried out comfortably overnight and patients
only have to visit a kidney specialist for moni-
toring once every six weeks. 

“PD is the ideal method for older immobile
patients who would prefer to be cared for in
their own homes,” says Dr. In-Hee Shin, a
nephrologist associated with the Vivantes
Clinic in Berlin. “The problem is that many sen-
iors are wary about carrying out PD at home
because the systems lack any software to
guide them and explain how to use it.” 

With this in mind, Corporate Technology in
Munich developed a PD assistant for smart-
phones in a project directed by Evelyn Pfeuffer.
TAPD has now been tested with the PD assis-
tant for the first time with a patient in Berlin.
On the morning after the PD is conducted, the
software guides the patient through the meas-
urements of vital signs such as blood pressure,

blood sugar content, and weight. After that,
the patient answers questions about his or her
physical state on a multiple-choice question-
naire, describes the color tone of the ex-
changed cleansing fluid, and describes the
condition of his or her artificial opening. The
patient then sends all of the data via the Inter-
net in encrypted form to the TMCC and the
dialysis center at the Vivantes Clinic, where it’s
automatically checked against stored emer-
gency values for plausibility. “I look at the read-
ings once a day and can make quick treatment
decisions should that become necessary,” Dr.
Shin explains.

Gorn is doing so well that she does not
need dialysis. Nonetheless, she might soon ex-
perience trouble walking, because she has two
artificial knee joints. That’s why she’s taking
part in a SmartSenior study that addresses
stroke rehabilitation and measures for prevent-
ing falls. Technicians have placed a Kinect sen-
sor in front of Gorn’s television (see Pictures of

the Future, Fall 2011, p. 74). Her screen now
shows a “virtual trainer” who guides her
through various exercises that are important
for her well-being. The Kinect sensor and a
video camera monitor her as she does the ex-
ercises — and the screen shows her immedi-
ately whether she’s doing them right. All of
Gorn’s movements are transmitted to the Hos-
pital as well. Her caregiver there not only sees
whether she’s doing her exercises regularly but
also how much progress she’s making.

“That was fun,” says Gorn. “If I can find the
time, I’d like to keep doing it even after the
project is over.” In her opinion, participating in
the project was an interesting experience. “But
I don’t need this technology yet,” this busy 83-
year-old also points out. She’s got a lot to do,
because 180 members of the local tax assis-
tance organization are waiting to receive her
advice — and there’s also the garden to tend to
and grandchildren to see, among many other
activities. Michael Lang

A combined movement and brightness sensor (left) and a WLAN-equipped wristwatch can trigger an alarm if something goes wrong.

SmartSenior’s service portal allows users to send medical data and room temperature readings directly to the Telemedicine Center at Berlin’s Charité Hospital.
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to accept the system, the sensor data should
normally stay in the apartment,” says
MacWilliams. In other words, an ambulance
should be called only in potentially dangerous
situations or if the user’s behavior changes.

Although the sensors in the apartment
were so well hidden as to be practically unno-
ticeable, the test subjects’ living rooms were
packed with technology. Behind Gorn’s TV, for
example, were four different data transmission
and communication boxes; the camera for
video transmission was placed to the right of
the TV. Also installed was a special service por-
tal that allowed users to access various applica-
tions. Gorn used the “Health” and “At Home”
features most frequently. The “Health” func-
tion enabled her to transmit blood pressure,
weight, and ECG readings directly to the
TMCC, view the information herself on a dis-
play, and videoconference with TMCC staff. 

“At Home” gave her a direct link to her
building management company if she needed

to do things like get a light bulb changed, or-
der food, or make purchases that were then
delivered. The “At Home” function also dis-
played sensor data and information about en-
ergy and water use. Participants in the test
could choose between a conventional remote
control or a small Web pad with a touchscreen
to access the portal and use its features. Gorn
clearly liked the touchpad best. “I only use the
remote control to adjust the volume on the
TV,” she says. “I like the pad because it’s small
and easy to read.”

A blood pressure reader and a scale were
also put in Gorn’s living room, and the first ten
test subjects were issued a mobile ECG device
about the size of a smartphone. All of these
devices sent their data via a wireless Bluetooth
connection to the “Med-I-Box,” which then for-
warded it to the TMCC using a new standard
for telemedical transmission of vital data (ISO
11073). The TMCC stored the medical data in
electronic patient files. 

The purpose of all this was not to derive
medical treatments from the data but instead
to see if the measuring and transmission de-
vices would operate smoothly.

Home Dialysis. Other SmartSenior studies
that ran parallel to “SmartSenior@home” did
focus on treatment. For example, Telemed-
ically-Assisted Peritoneal Dialysis (TAPD), for
example, uses a specially developed system
that helps dialysis patients clean their blood at
home. Many such patients have to go to a dial-
ysis center several times a week and get
hooked up to an artificial kidney by clinic per-
sonnel for several hours in order to clean their
blood. Peritoneal dialysis (PD) offers an alter-
native by enabling the patient’s peritoneum,
which is located in the abdomen and has good
blood circulation, to be used as a blood filter.
Patients who utilize PD systems connect them-
selves every day via a catheter to a type of cir-
culating pump known as a “cycler.” The pump

Sigrid Gorn can use SmartSenior’s software portal (right) to access a range of services, such as a virtual personal trainer (left).

A video conference function allowed users in a field test to establish direct contact with staff at Charité Hospital’s Telemedicine Center.



Pictures of the Future | Fall 2012 93

Alzheimer’s disease is the most common form of dementia, accounting for roughly two thirds of
total cases. However, it is difficult to diagnose the disease because it becomes noticeable only 
after brain cells have been irreversibly damaged. Siemens now offers the first amyloid imaging 
solution, which makes it possible to evaluate Alzheimer’s disease.

Evidence-Based Imaging
Technologies that Touch Lives | Alzheimer’s Detection

Alzheimer’s disease is the most common form of

dementia. A new imaging solution from Siemens

could help to recognize one of its causes — 

amyloid plaques (image right) — early on.

What’s your name?” — “Auguste.” — “Your
last name?” — “Auguste.” — “What’s

your husband’s name?” — “Auguste, I think.”
This conversation between the psychiatrist
Alois Alzheimer and his patient, 51-year-old
Auguste Deter, made medical history. Deter
was the world’s first Alzheimer’s patient. After
her death, Alzheimer dissected her brain and
found that the parts of the cerebral cortex that
are responsible for memory, orientation, and
feelings had changed significantly. 

Among other things, Alzheimer discovered
protein plaques, “matted fibers, and dead
nerve cells.” Only a few nerve cells had sur-
vived the disease. The study Alzheimer pub-
lished in 1906 was the first to describe this “pe-
culiar disease of the cerebral cortex.” His
analyses marked the beginning of research
into Alzheimer’s (see Pictures of the Future,
Fall 2010, p. 87). 

Alzheimer’s disease (AD) gradually kills
brain cells. Nonetheless, scientists still do not
fully understand how this process occurs. Med-

ical researchers agree, however, that
Alzheimer’s probably results from a great vari-
ety of factors. 

The changes it produces in the brain in-
clude the buildup of a protein known as beta
amyloid in areas outside the brain’s nerve cells
(neurons) and a chemical alteration of the tau
protein inside the neurons. Both processes are
considered to be among the most likely causes
of the obstruction of information transmission
through the brain’s synapses that occurs in
Alzheimer’s patients. 

Back in 2009, “Alzheimer Disease Interna-
tional” (ADI) estimated that 35.6 million peo-
ple around the world were afflicted with de-
mentia — a number that is expected to double
every 20 years and reach 115 million by 2050.
These figures include all forms of dementia; it’s
estimated that over half of the victims have
Alzheimer’s.

Alzheimer’s cannot be diagnosed in a living
patient. Statistically speaking, one out of every
five people considered to have Alzheimer’s is

actually not afflicted with the disease but in-
stead with another type of neurodegenerative
illness. Only an autopsy can prove the diagno-
sis wrong. 

But if a reliable evaluation could be made at
an earlier stage, it would enable patients and
their relatives to prepare for the changes to
come and make arrangements for home care,
etc. Furthermore, a reliable evaluation tool
might make it possible to determine when a
patient is unlikely to have Alzheimer’s, and
therefore likely to be suffering from a different
neurodegenerative disease.

Biomarkers in the Brain. Siemens is now
supplying an amyloid imaging solution for
Alzheimer’s evaluation. The solution begins
with the positron emission imaging (PET) bio-
marker manufacturing and distribution expert-
ise of Siemens’ PETNET Solutions, which has
the largest network of PET radiopharamaceuti-
cal manufacturing facilities in the U.S.A. Addi-
tionally, Siemens’ PETNET Solutions employs
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appropriately qualified staff and the necessary
infrastructure for the production of amyloid im-
aging biomarkers. As a result, it can offer imag-
ing centers and hospitals a high level of deliv-
ery reliability. After a PET imaging biomarker is
administered to a patient, he or she is scanned
in a PET-computed tomography device
(PET/CT), such as the new Biograph mCT scan-
ner from Siemens (see Pictures of the Future,
Spring 2010, p. 68; Fall 2011, p. 42).

The radioactive substance travels through
the bloodstream and concentrates in the part
of the body being imaged either because of
metabolic activity or because it seeks out bio-
markers in tissues specific to a disease. Tracer
signals from white brain matter are considered
normal, whereas amyloid plaque in gray mat-
ter indicates potential neurodegeneration.
Thanks to the industry’s finest volumetric reso-
lution of up to 87 cubic millimeters and a 400
percent improvement in contrast over previous
models, the Biograph mCT helps physicians
distinguish between white and gray matter.

Thanks to Fleisher’s research, the new
Siemens software offers an intelligent solution
— ranging from radiopharmaceutical to PET-
CT, as well as quantification software. In this
manner, the company contributes to making it
possible to depict the presence and buildup of
beta amyloid in the brain accurately, while pro-
viding additional information to support physi-
cians with their evaluation of Alzheimer’s and
other forms of cognitive decline. 

Britta Fünfstück, Chief Executive Officer of
Molecular Imaging at Siemens Healthcare, be-
lieves Siemens offers a major advantage to
users with its comprehensive amyloid imaging
solution. “PETNET Solutions’ PET imaging bio-
marker manufacturing and distribution expert-
ise, Siemens’ new Biograph mCT PET-CT, and
our syngo.PET Amyloid Plaque neurology
quantification software will give physicians in
the United States additional tools for the evalu-
ation of Alzheimer’s disease and other neuro-
logical conditions,” she says.

The Road Ahead. Siemens is going a step fur-
ther in its Alzheimer’s research. Because the al-
terations observed in the tau protein are also
suspected of causing Alzheimer’s (along with
the buildup of amyloid), Dr. Hartmuth Kolb,
Vice President of Molecular Imaging Biomarker
Research at Siemens Healthcare, and his re-
search team in the Los Angeles area — are
now developing new imaging biomarkers that
will make the affected nerve strands (axons)
visible. Until now there have been no such im-
aging biomarkers on the market. “Approxi-
mately 30 percent of all normal elderly people
have amyloid plaques in their brains, even
though they don’t suffer from dementia,” says
Kolb. “The advantage of focusing on tau is that
the amount and distribution of that protein in
the brain most probably has more to do with
dementia symptoms than is the case with amy-
loid.”

Kolb and his colleagues have developed
two imaging biomarkers that dock with tau
strands and make it possible for PET technol-
ogy to visually depict them. Siemens is cur-
rently conducting clinical studies with these
biomarkers and associated investigational ra-
diopharmaceuticals in the Los Angeles area,
where Kolb and his team produce the imaging
agents and can immediately make them avail-
able for clinical tests. Researchers want to use
these tests to determine whether the tau im-
aging biomarker triggers a stronger PET signal
in the brain of an Alzheimer’s patient than it
does in the brain of a healthy individual. Kolb
also wants to find out if the tau protein buildup
occurs in the regions of the brain where re-
searchers currently suspect it does, or whether
other brain regions might also be affected.

Tanja Berbalk

With automatic daily calibrations and proven
PET and CT alignment accuracy, the Biograph
mCT supports accurate quantification in de-
mentia imaging.

In addition, quantifying software recently
introduced by Siemens for amyloid imaging
automatically compares the amyloid PET im-
age with amyloid PET reference images, identi-
fying target regions of interest. Quantification
software, although it does not replace visual
assessment by a physician, assists physicians in
making an interpretation of the PET image.
The new software’s algorithm correlates with
the reference model (now known as the
Fleisher method) developed by Dr. Adam
Fleisher and his research team at the Banner
Alzheimer’s Institute in Phoenix, Arizona.
Fleisher identified six regions of amyloid
plaque buildup and defined a threshold value
to distinguish between healthy and AD brains.
Fleisher also collected data about healthy and
diseased patients in comparative research con-
ducted over many years.
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People all over the world can be affected by disasters such as levee breaks, major fires, 
and thunderstorms. In the future, intelligent systems will be able to comprehensively 
monitor potential threats — and save lives with their sophisticated warning capabilities.

Digital Guardians
Technologies that Touch Lives | Disaster Prevention

Siemens’ lightning information service 

collects data from 150 measurement stations

(p. 95 bottom). Modern fire protection 

systems must respond intelligently to 

threats in buildings (p. 95 top).

The 30,000 people who attended the “With
Full Force” music festival north of Leipzig,

Germany won’t soon forget July 1, 2012.
That’s because a severe thunderstorm hit the
site at around 2 a.m. that morning. Hurricane-
force winds blew away tents and bombarded
the field with hailstones. Finally, a bolt of light-
ning hit the floodlight unit. The discharge from
the unit’s electrical system made its way
through the ground and struck 51 people,
three of whom were injured so critically that
they had to be taken to a hospital.

“Of course you can’t prevent storms,” says
Stephan Thern from Siemens’ BLIDS service.
“But if you’re warned in time, you can interrupt
an event and clear the area, and in that way
prevent accidents.” BLIDS (a German acronym
for Lightning Information Service) does exactly
what its name implies. Anyone can take out a

such as fixed data that is rarely updated — for
example, land registries, including canals and
pipes. With BLIDS, data about the properties of
a lightning strike or electric current’s strength
can be called up immediately. Customers can
thus respond quickly to any changes. 

“This information keeps us abreast of the
latest developments,” says Thern, who plans to
link existing geographic information more
closely with weather and facility data. Once all
the data is incorporated into the GIS, compa-
nies responsible for free-standing power lines
will be able to discern at a glance whether part
of a network is down due to a lightning strike
or a fallen tree, for example. Thern can also
imagine a BLIDS smartphone app for hikers,
spectators at open-air festivals, and soccer ref-
erees (who could use it to decide whether a
match should be interrupted due to a storm).
“We’d be more than happy to get an order from
the German Soccer Federation,” he says with a
broad smile.

Managing Emergencies. But Siemens’ tech-
nology doesn’t just give advance warning of
lightning strikes. Whereas lighting strikes kill
around a thousand people a year worldwide,
heavy floods such as those that occurred in
Thailand in 2011 can result in hundreds of
deaths in a short period. The Geneva Associa-
tion, a research organization operated by the
insurance industry, estimates that fires in in-
dustrialized countries cause financial damage
equivalent to one percent of their gross na-
tional product. Around 600 people die in Ger-
many every year due to fires in buildings; the
figure for the U.S. is over 3,000. State-of-the-
art disaster management systems could re-
duce these numbers.

If a blaze does break out, it’s important to
have fire protection systems that react flexibly
and intelligently. “Living and working condi-
tions are becoming more and more complex,”
says Markus Niederberger from Siemens Build-
ing Technologies in Zug, Switzerland. “Fire
alarms aren’t enough any more.“ Niederberger
and his colleagues are now attempting to link
various safety and alarm systems in a smart
overall package. “We want to develop a fully
automated system that includes everything
from fire alarms to emergency lighting and
evacuation,” Niederberger explains. Not all the
technologies needed are available yet, but the
key components already exist. Siemens, for ex-
ample, supplies complete building manage-
ment systems that monitor and control various
subsystems, such as fire alarms. 

Intelligent emergency systems recognize
specific situations and autonomously imple-
ment appropriate measures. Siemens offers,
for example, a mass messaging system that
provides information to everyone affected by
an emergency situation. “This technology is al-
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ready well established in the U.S.,” says Nieder-
berger. For example, many American universi-
ties now have systems that use electronic dis-
plays on campus, or send e-mails or text
messages to alert students if a fire breaks out
or some other catastrophic event occurs. 

In addition, smart emergency systems
should also be able to guide people away from
danger. In the future, a voice-controlled evacu-
ation system is to provide appropriate informa-
tion in every part of a building. To this end, the
system also needs to know where people are
located. “In other words, there’s no need to use
the standard evacuation plan in an office
building where only one floor is occupied at
night because an event is being staged there,”
Niederberger explains. He and his colleagues
are now trying to devise a viable solution for
an occupancy detection system that will auto-
matically locate unconscious people as well.
“Various ideas are being considered, such as
video cameras, infrared detection, and even
smart flooring that can register differences in
pressure. At the moment we’re evaluating a

paid subscription to the lightning-warning
service, which is unique to Germany. When the
first lightning strike is registered in a prede-
fined area, users receive an e-mail or SMS.
Subscribers can also view the development of
the storm on the Internet. Siemens’ main cus-
tomers for the service include energy suppli-
ers, airports, pipeline operators, and industrial
firms.

“A lot of companies are susceptible to the
type of voltage fluctuations that occur when
lightning strikes somewhere in the grid,” Thern
explains. BLIDS makes it possible for compa-
nies to shut down sensitive equipment before
lightning strikes. “This is important for a facility
like a wind power plant, whose rotor blades
can be destroyed by a lightning strike,” says
Thern, who also points out that work on
pipelines, which can conduct electric current

over many kilometers, also has to be stopped.
BLIDS utilizes data from 150 stations through-
out Europe, 15 of which are located in Ger-
many. Every lightning bolt creates an electro-
magnetic field that spreads out in all directions
at the speed of light; in Germany alone, as
many as 200,000 bolts are generated on some
summer days. BLIDS stations record the corre-
sponding signals at intervals of just a few mil-
lionths of a second, and because the stations
are synchronized via GPS they can determine
the location of a lighting strike to within 200
meters.

The basic version of BLIDS was introduced
20 years ago; since then it has evolved from a
simple series of maps into a range of complex
tools. At the heart of BLIDS is a geographic in-
formation system (GIS) from Siemens. The sys-
tem links maps with other spatial information,

GPS signal is used 
for precise synchroni-
sation of receivers

BLIDS station 
(receiver)

Computer

Electromagnetic field 
propagates with speed of light
(300,000 km per second)

t1

t2

t3

How the Lightning 
Information 
Service Works
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Of crucial importance here are the sensors
that monitor levees online. Meijer and his col-
leagues are currently testing various probes
that record parameters such as pressure, tem-
perature, water speed, and ground moisture at
several levees in Boston (UK), Rees in the
Lower Rhine region in Germany, and Amster-
dam. However, there is a problem: So far there
isn’t really enough data to determine what the
normal state of a levee should be and thus rec-
ognize when things might be getting critical.

A possible solution is the use of computer
programs that combine machine learning and
signal processing. For instance, Siemens ex-
perts working under the direction of Ilya
Mokhov in St. Petersburg, Russia, have devel-
oped and integrated algorithms that use meas-
urement data to detect when a levee is in dan-

A Siemens software package can predict levee safety levels using current measurement data.
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Again and again, disasters strike and cause
widespread panic — whether it’s fireworks

lobbed into crowds during a sports event or a
fire at an airport, nightclub or hotel. With a
view to understanding crowd dynamics, re-
searchers are examining whether people react
to events in specific patterns and whether
threats can be recognized and perhaps headed
off. One such researcher is Dr. Wolfram Klein, a
mathematician who works at Siemens Corpo-
rate Technology (CT) in Munich. Together with
his team, Klein has developed a model that
simulates crowd behavior, thus helping re-
searchers to predict where and when a critical
situation may arise. 

matical equations,” says Klein (see Pictures of
the Future, Fall 2009, p.101). 

The software could help architects plan
safer buildings — say a stadium, airport or
trade fair hall — because it can identify which
spots might give rise to dangerous situations.
Klein is certain that comparatively simple pro-
cedures and planning steps could prevent
many disasters. “Even setting up so-called
breakwaters — in other words, artificial obsta-
cles — would suffice to divert crowds early
on,” he says. 

In order to illustrate human behavioral pat-
terns even more realistically, his team has con-
tinuously refined its simulation model. For in-

No Cause for Panic!
Technologies that Touch Lives | Safety

stance, the software now not only uses statisti-
cal methods to depict the effects of a person’s
age and health on their walking behavior, but
also takes group interaction into consideration
as a factor. 

Says Klein: “Elderly people move more
slowly, while school children are taught to
walk together in groups of two.” In addition,
the Munich-based researchers have improved
their mathematical calculations significantly.
According to Klein, the system is now so fast
that their crowd simulations can be used to
make short-term predictions. “We can tell up to
five minutes beforehand what is likely to hap-
pen assuming that no one intervenes. This

Klein’s model can simulate the way in
which crowds of tens of thousands of people
behave. What’s interesting, according to Klein,
is that “they move very similarly to liquids or
gases.” Like molecules, people either attract or
repel each other. For instance, family members
try to stick together, while they automatically
maintain a certain distance from strangers. 

In addition, when people move through
buildings they have to navigate around walls
and other obstacles; and, of course, small, nar-
row spaces can lead to congestion. “Based on
the principles of alternately attracting and re-
pelling forces, we can chart human behavior
and produce predictions in terms of mathe-

To find out how crowds will react during 

evacuations of huge public events such as soccer

games, Siemens researchers are developing

ground-breaking simulation programs. Pictures

below: red areas indicate potential congestion. 

from sensors inside the levee visible in the
form of curves and time lines. 

Still, the UrbanFlood team has a long way
to go if Robert Meijers’ dream of monitoring all
levees in Europe online is to come true. His re-
searchers want to start with a 50-kilometer
section of the Rhine levee on the border be-
tween Germany and the Netherlands. Meijer
believes Europe’s biggest river is the ideal test
object. “When you stand on the levee in Rees
and see just how far away the other bank of
the river is, you get a good idea of the huge
amount of water that flows through here,” he
says. In any case, the people who live in the vil-
lages protected by the levee will be happy to
know that the barrier that keeps their homes
safe will soon be precisely monitored around
the clock. Ute Kehse

Simulation technology is helping safety and security specialists recognize dangerous 
situations at large public events before they happen — and to plan preventive measures. 
Siemens researchers want to make building evacuations safer, even in case of fire.

range of technologies.” The package will also
include simulation software that is now being
developed by engineers at Building Technolo-
gies and Siemens Corporate Technology (CT). 

Closer Monitoring of Levees. Unlike build-
ings, levees are not checked very often, and
monitoring tends to be random. “That’s not
good, given that more than two thirds of all
European cities are susceptible to flooding,”
says Robert Meijer from the Netherlands Or-
ganization for Applied Scientific Research
(TNO). Meijer, a physicist, therefore launched
the EU UrbanFlood project in 2009 (see Pic-
tures of the Future, Fall 2010, p. 68).

Together with Siemens and other partners,
he developed a system that monitors levees
and triggers an alarm when danger threatens.
At Siemens Corporate Technology, Bernhard
Lang and his team of engineers intend to make
flooding protection systems as intelligent as
those used for fire protection. To this end,
early-warning systems are to be combined, for
example, with lock, wastewater and drinking-
water supply systems.

ger of breaking. “We use the sensor data and
features extracted from the data to create a set
of portraits of the levee in its normal state,”
Mokhov explains. 

If an exceptionally strong deviation from
the reference data is later observed, the soft-
ware will issue an alarm. Because the system
learns, the more situations it “experiences,” the
better it gets. That’s why it is being trained in
experiments at a test levee in the Netherlands
and in simulations conducted by researchers at
the University of Amsterdam and Siemens CT.
The programs are being taught to use physical
formulas to determine how the state of a levee
changes in different situations. 

With a view to bringing such solutions to
the public, Siemens and TNO have developed
an interactive multitouch levee analysis plat-
form. In visitor centers in Boston and St. Peters-
burg, as well as in Siemens’ ‘The Crystal’ city
development  center in London, people can
use their fingers to zoom in on a levee in
Eemshaven, the Netherlands, on a map that
was put online by the UrbanFlood team.
Touching other parts of the screen makes data
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For many people, using smart-
phones, social networks, and
online shopping is as normal
as driving a car. These inven-
tions have three traits in com-
mon: they’re fun, easy to use,
and part of daily life. Some-
thing similar is happening in
the way power is supplied to
our homes. A major field test
in Germany demonstrates
why, given the right data, it
can be fun to save energy.

A smart meter displays current power usage. 

Via an online energy marketplace Rolf Longrée

can control appliances in line with the price 

of electricity. A combined heat and power 

unit (below) produces electricity and hot water. 

the E-DeMa project, our house has developed
a mind of its own!”

“E-DeMa is the largest field test of intelli-
gent power use in private households ever
conducted in Germany,” explains Michael Huf-
nagel, project manager at the Siemens Smart
Grid Division. E-DeMa stands for the “develop-
ment and demonstration of locally networked
energy systems toward the E-Energy market-
place of the future.” As Hufnagel explains, “All
of the participating households are connected
with our online marketplace via sophisticated
information and communication technology
(ICT). The technology allows them, for exam-
ple, to monitor their power consumption, as
well as electricity prices.”

Back in 2009, companies including Miele
(appliances) , ProSyst (software), Siemens, and
the Krefeld municipal utility, teamed up with

institutes of higher education from Dortmund,
Bochum, and Duisburg-Essen to take part in a
project led by power company RWE. To date,
the project has been a big success. “The actual
field test has been under way since March of
this year. It was originally scheduled to run for
nine months, but now we’re thinking about ex-
tending it beyond the date when funding from
the Federal Ministry of Economics and Tech-
nology comes to an end,” explains Prof.
Michael Laskowski, chief project manager at
RWE. “The two pilot regions are located in Ger-
many’s most densely populated federal state
and provide us with a representative cross-sec-
tion of the German demographic.” 

Some 5,000 households were initially con-
tacted by RWE and the Krefeld utility. Over
1,000 expressed an interest in being part of
the project, and 700 of them met the technical

requirements, which included having a home
PC and Internet access. “We’re pioneering a
technology that may one day be used in all
households,” says Rolf Longrée, when asked
what motivated him to take part. As the man-
aging director of a building supply company,
he has plenty of experience in running big
projects, whether in Germany, the U.S. or
Dubai. Presented with an opportunity to help
pave the way for a new era in energy use, he
set about the project with a similar level of en-
thusiasm. Besides, as Laskowski explains, after
completion of the field test, RWE and the
Krefeld utility will reward participants in Mül-
heim with up to €25,000 and in Krefeld with
up to €10,000 to spend on energy-efficient
and social projects in their respective neigh-
borhoods.

As a first step, each household’s electricity
meter was replaced with a digital smart meter.
“The households in Krefeld have all been fitted
with AMIS meters from Siemens,” Hufnagel ex-
plains. These are equipped with a communica-
tions module known as a gateway. The module
reads data from the smart meter and receives
pricing information from the E-DeMa market-
place. That way, households have much tighter
control over their power use. Smart meters
record power consumption data on an internal
memory chip at 15-minute intervals. Once a
day these data are anonymized and transmit-
ted via the power lines to an energy-data man-
agement system. 

Known as Siemens Powerline Communica-
tion, this data link operates at transfer rates of
over one megabit per second. “EnergyIP is a so-
lution that automatically transmits consump-
tion data from a meter to a power company,”
says Hufnagel. Participating households in
Mülheim are fitted with technology from RWE.
“In place of AMIS meters, we use our own
multi-utility communication controller, which
transfers consumption data to RWE via the
GPRS mobile communications network,”
Laskowski explains.

Energy Marketplace. All the households in
the field test have one thing in common: ac-
cess to an online energy marketplace devel-
oped by Siemens. This is the core of E-DeMa.
“It enables participating households to monitor
their consumption,” Hufnagel explains. “At the
same time, each day, the power companies de-
termine up to five different tariffs for eight dif-
ferent periods of each day. The prices for the
following day can be viewed from 6 a.m. on.
This gives participants an opportunity to pro-
gram their household appliances accordingly.”
Households with only basic appliances have to
switch them on by hand. 

Some 100 households that were selected at
random have been equipped with smart appli-

When Data Comes Home
Technologies that Touch Lives | E-DeMa Project

I t’s the start of a new day for 700 house-
holds in Krefeld and Mülheim an der Ruhr,

two cities in west-central Germany. The smell
of coffee drifts through from the kitchen, the
buzz of an electric razor is heard from the bath-
room. At first glance, there’s nothing out of the
ordinary here. What we don’t see, however, is
the work done by smart technology to help
these homes save power and prepare the rest
of us for a new era in energy management. 

Take the Longrée family, for example. They
live in a new housing development in Saarn, a
suburb of Mülheim. “We were one of the first
families to build here 17 years ago. Back then,
there were sheep grazing outside the win-
dow,” says Susanne Longrée with a grin. “And
now look at us. The electricity meter tells us
when we should wash our clothes,” laughs Rolf
Longrée, her husband. “Ever since we joined

98 Pictures of the Future | Fall 2012

way, the head of operations at a facility could
act quickly, for example by opening additional
doors or giving precise warnings in order to in-
fluence events and prevent disasters.” 

This method of crowd control has already
been tested in various research projects, in-
cluding one carried out at Frankfurt’s central
train station. Based on surveillance camera
footage, the software was able to accurately
predict the flow of pedestrian traffic — as well
as congestion — several minutes before it oc-
curred. The program has also been successfully
used in and around the soccer stadium in
Kaiserslautern. Evacuating the city’s stadium
would be a dramatic challenge for the police
and fire department. Although the stadium ac-
commodates up to 40,000 people when it is
full, it offers only a few escape routes. And to
make matters more difficult, all of them lead
through the surrounding residential areas. As a
part of the REPKA project (Regional Evacua-
tion, Planning, Controlling, and Adaptation),
which is funded by the German Federal Min-
istry of Education and Research, Klein’s team
has adapted the simulation models in such a
way that they can now be used to plan a mass
evacuation. 

Safe, Quick Evacuations. In the future, the
researchers also want to use this knowledge to
support their colleagues in Siemens’ Building
Technologies Division. To this end, in the Swiss
town of Zug experts are developing dynamic
fire protection solutions for buildings — so-
called intelligent response systems (see p. 94).
Christian Frey, who is responsible for innova-
tions in Zug, explains: “These are highly profes-
sional systems that can react immediately and
effectively to dangerous situations or inci-
dents.” 

Frey points out that in order to get people
out of a burning building safely and quickly,
the usual green signs along hallways indicat-
ing escape routes are not sufficient. In public
buildings such as hospitals and hotels, he says,
most people aren’t familiar with their sur-
roundings. “If you’re in a panic, the next emer-
gency exit isn’t that easy to find.” 

Studies also show that many people fail to
react appropriately to conventional warning
signals such as honking or sirens. They often
think it’s just a fire drill or a false alarm — or
else they don’t know what to do. This is where
information technology can help. For instance,
office workers could receive automatic warn-
ings and updates on their personal computer
screens. At the same time, large electronic
screens in the hallways and smartphones
would display arrows showing people how to
get out of a building. In addition, sensors in
ceilings and floors would be able to measure
the stream of people. 

Based on this information, an intelligent
building software system would be able to rec-
ognize early on when a particular escape route
is in danger of becoming overcrowded. It
would then respond by directing people to the
fastest and best alternative route out of a
building and into the open. Visual systems
would also be complemented by voice alarms
and mass text messages. “Clear, precise an-
nouncements would additionally enable a
rapid and orderly evacuation and prevent
panic from spreading,” explains Markus
Niederberger, who is in charge of Business Op-
erations for the intelligent response systems.

Fire Department App. What’s more, such
systems will be able to improve building man-
agement and support rescue workers. “The
system analyzes data from a building, recom-
mends immediate measures to defuse the situ-
ation, generates dynamic, up-to-date instruc-
tions, and helps rescue workers manage the
evacuation and direct people to escape
routes,” says Frey, describing the idea behind
the software concept. In the future, he adds,
when a fire breaks out, the building manage-
ment system will immediately link up with the
fire department’s computer system. Rescue
teams and fire fighters would then receive a
blueprint of the building on their smart-
phones. Such a plan would not only display the
source of the fire, but also monitor how it is
spreading. In addition, intelligent movement
sensors would indicate where people are lo-
cated in the building. 

Together with other companies and insti-
tutes, Siemens researchers are developing
these technologies as a part of the EU DESSiRE
(Designing Safe, Secure and Resilient Large
Building Complexes) project. Siemens’ simula-
tion experts from Munich are also assuming an
additional role. Specifically, they have devel-
oped a method that allows them to predict the
spread of fire in different kinds of buildings.
Klein explains how it works: “We can light a vir-
tual fire in order to see how it will affect each
building.” The researchers can simulate fire in
various surroundings and different interior fit-
tings — for example, with or without furniture,
or with flammable or flame-resistant materials.
By trying out these different scenarios, the
heads of operations can learn to predict the
spread of a fire more accurately and to thus act
promptly and effectively according to a given
situation. 

Nevertheless, Klein cautions that it will take
some time before these response systems can
be combined with intelligent building control.
“But until then, our simulations will help im-
prove rescue workers’ training, prepare them
for an emergency — and thus hopefully save
many lives,” he says. Hans Schürmann
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the cardiac center at Shisong Hospital runs a
fund-raising Heart Foundation. The money
helps to ensure that its medical services are
available to everyone.

The flagship facility at the cardiac treat-
ment center is a state-of-the-art catheteriza-
tion lab — a high-tech facility that is used to
detect and treat cardiovascular diseases. The
core component of the lab is a new angiogra-
phy device from Siemens, which has sharply
reduced the need for open heart surgery.
These days, a small incision is made in the pa-
tient’s groin in a minimally invasive procedure.
A catheter, is then inserted into the incision
and pushed up to the heart. Surgeons know
where the catheter is at any given moment be-
cause they can use the angiography device to
take digital X-rays of the patient’s body in real
time from numerous angles during a proce-
dure. They can then view the resulting images
on three flatscreen monitors.

The images thus produced at Shisong Hos-
pital are stored in a Siemens IT system. This
makes it possible to compare them with im-
ages from other stages of an illness, which in
turn allows physicians to determine whether

an operation has been successful. “Micro-
surgery techniques help us operate more
quickly and accurately, and patients also re-
cover more rapidly after operations,” says Dr.
Jean-Claude Ambassa, one of the resident car-
diologists at Shisong Hospital. “We decided de-
liberately to go for the latest angiography
model,” says Sister Appolonia. “Older equip-
ment might seem cheaper in the beginning,
but it gives you trouble later.”

From Forchheim to Kumbo. Bringing the
high-tech unit to Kumbo proved to be a big
challenge for Benjamin Wallon and Bruno
Peynshaert, two service technicians from
Siemens Healthcare. For example, the 9,000-
kilo unit first had to be disassembled at its pro-
duction facility in Forchheim, Germany. 

To ensure the heavy equipment’s proper
transport by ship and truck, it then had to be
carefully and securely packaged to make it
shockproof during the trip. Wallon and Peyn-
shaert then spent three weeks in Kumbo with
technicians from Shisong Hospital, putting the
pieces of the high-tech puzzle back together.
They worked from dawn to dusk until the unit

was ready to operate. During that period, each
individual component had to be bolted to-
gether and all the mechanical parts, cables,
and electronic functions had to be properly cal-
ibrated. Wallon and Peynshaert also spent an
entire week teaching technicians and physi-
cians how to use the device in order to ensure
that they would require as little assistance as
possible from outside sources later on.

Peynshaert is confident that the new
catheterization lab will be very useful. “In de-
veloped countries, such labs generally operate
for about nine years before they become out-
dated. But if the doctors in Kumbo are careful,
they can use their device for 12 years,” he says.
Moreover, even if a software error should oc-
cur in the future, service technicians can ac-
cess the device via the Internet and correct the
problem. This function is made possible by the
hospital’s relatively stable Internet connection
and the Siemens Remote Service program,
which alerts a service center in Germany be-
fore a device fails. 

Despite Shisong Hospital’s impressive his-
tory of success, its officials still have to deal
with major challenges. Well-educated
Cameroonians prefer to go abroad to work. It is
therefore difficult for the hospital to find quali-
fied personnel. Only recently, for example,
could a full-time heart surgeon be hired after a
long search. And the hospital is still searching
for an anesthetist. Ambassa is actually one of
the few doctors in Kumbo who decided to re-
turn to Cameroon after studying medicine
abroad. These days he is also preoccupied by a
completely different issue, though. “Cardiovas-
cular diseases could become the number one
killer in Cameroon,” he explains. 

Indeed, the World Health Organization esti-
mates that cardiovascular disorders accounted
for 14 percent of all deaths in Cameroon in
2010 and that this percentage is rising. Am-
bassa attributes this development to poverty
and late-stage diagnoses on the one hand and
his countrymen’s changing lifestyles on the
other. “Many people opt for a European
lifestyle. They eat more fat, don’t engage in
sports, and work in offices — that creates a lot
of heart problems.” 

Over 10,000 people have come to Kumbo
to be examined since the cardiac treatment
center opened three years ago. “That shows
how big the need really is,” Ambassa says. The
hospital plans to acquire a blood bank at some
point in the next few years in order to ensure
that the cardiac center always has enough of
the blood plasma it urgently needs. The
Cameroon government also plans to improve
the roads. Nonetheless, the people who work
at Shisong Hospital know there’s still a long
way to go before they reach their destination. 

Marc Engelhardt

Patients with heart diseases in Cameroon used to have to 
travel great distances to receive life-saving surgery. 
Siemens is now helping Cameroon’s Shisong Hospital to bring
healthcare to places where it’s needed by supplying Central
Africa’s first-ever catheterization laboratory. 

Hope for African        Hearts
Technologies that Touch Lives | Cardiac Care in Cameroon

The Shisong Hospital in Cameroon has set a 

precedent for  healthcare in Central Africa. 

The hospital is equipped with a 

state-of-the-art catheterization lab.

It isn’t easy to get to Kumbo, a city of around
100,000 residents in northwestern Came -

roon. The only road between Kumbo and the
district capital Bamenda 100 kilometers away
is dusty and full of potholes. It takes five hours
to make the trip in the dry season — and, at its
worst, three to five days in the rainy season.
Nonetheless, Kumbo is a busy place where
you’ll find motor taxis speeding down red
sandy streets and merchants displaying their
wares on blankets or in wooden sheds.

Shisong Hospital, which was founded in
1935 by Franciscan nuns from South Tyrol, is
located on the city’s outskirts. The hospital
started out as a small maternity clinic to help
combat the high rates of infant mortality and
maternal death in the region at that time.
Thanks to the nuns’ tremendous efforts over
decades and donations from Europe, Shisong
Hospital now has more than 350 beds and can
accommodate about 100 additional outpa-
tients in its various wards. Eleven years ago, a
priest from Milan was looking for an African
clinic to which he could donate a cardiac treat-
ment center. He ultimately chose Shisong Hos-
pital because of its solid reputation. 

Sister Appolonia Budzee, the “heart and
soul” of the hospital, believes this is the right
approach. “We want decentralization; all the
modern facilities don’t have to be in Yaoundé
or Douala,” she says in reference to the politi-
cal and economic centers of Cameroon.
“Kumbo could soon become the capital for
medical treatment in this country.” The new
cardiac center, which was commissioned in
2009, is already something special in the re-
gion. “Shisong is the only facility of its kind in
all of Central Africa,” says Sister Appolonia.
“People come here for treatment of cardiovas-
cular diseases from all over Cameroon, as well
as from neighboring countries like Nigeria and
Gabon — and sometimes even from Ethiopia,
which is 5,000 kilometers away.” 

With the ultramodern cardiac center, which
includes two operating rooms and an intensive
care unit, doctors in Kumbo could revolution-
ize medical care in Central Africa. For one
thing, patients who previously had to travel to
Europe for complicated heart surgery can now
be treated and operated on in Cameroon. Be-
cause more than half of Cameroonian cardiac
patients can’t afford to pay for their treatment,
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ances from Miele. “These appliances automati-
cally choose the lowest tariff for their operat-
ing cycle,” Laskowski explains. This works by
means of a communication module that looks
like a standard industrial PC. Inside, however, is
integrated software specially developed by
ProSyst, which connects the household to the
marketplace and is also able to execute con-
crete instructions regarding operation of appli-
ances. “Each appliance is directly controlled by
software installed at the RWE data center. We
call this an aggregator control system; it calcu-
lates the optimal switch-on time for the appli-
ance on the basis of the current availability of
power and the stability of the grid,” says Dr.
Klaus-Martin Graf, who is responsible for ag-
gregators at Siemens. 

In other words, the appliances are switched
on only when power is readily available and
therefore cheap. Another 13 households, in-
cluding the Longrée’s, were fitted with com-
bined heat and power units (micro-CHPs). In
addition to producing hot water, these can also
generate electricity. “If demand for power ex-
ceeds the amount currently on offer from the
utility, the micro-CHPs can be activated via the
gateway to feed electricity into the grid,”
Laskowski explains. Eleven of the 13 micro-
CHPs in Saarn were installed by Medl, a local
utility. Medl will operate these units for the
next five years and provide general support for
participating households. “We’ve got our own
heat and power plant in the basement, and,
theoretically at least, it’s earning us money as
well,” says Rolf Longrée with a grin.

Valuable Feedback. The savings resulting
from the E-DeMa project have not yet had a di-
rect impact on electricity costs. At present E-
DeMa is only an experimental game in a virtual
power market, with fictional prices and
monthly bills that show how much the partici-
pating households would have saved in com-
parison with their normal electricity costs. Yet
the Longrées do have one real benefit: They
can see when they use the most power and al-
ter their habits accordingly. “As a result, we
now turn the washing machine on only when
E-DeMa tells us that the power is cheap,” says
Susanne Longrée. The results are revealing.
Compared to an average German household
with average use habits and the same power
demand as the Longrée family over the same
period in 2011, the Longrées have saved over
10 percent simply as a result of enhanced
awareness of how to be more efficient in their
use of electricity. This is the first step toward
smarter use of energy at home. The challenge
now is to make this system suitable for wide-
spread implementation. The people of Saarn
and Krefeld are certainly ready to make the
change. Hülya Dagli
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A small hamlet in India’s Western Ghats mountain range has taken the first step toward integrated,
self-sustaining development. The village’s achievements offer hope for thousands of other off-grid
people around the world who have no access to health, education, water, or electricity facilities.

A Village Transformed
Technologies that Touch Lives | Off-Grid Solutions

Working together with the Aroehan NGO,

Siemens has equipped a remote 

Indian village with a solar power 

plant and a Skyhydrant water filter.

When you do good, you will find people
around you who will try hard to pull you

down. Gain strength from this opposition, and
continue on your chosen path. They will come
round when they see you succeed,” says the
‘thought of the day’ in Marathi — a language
spoken in the Indian state of Maharashtra —
on a notice board of Amle’s only school.

Amle is 130 kilometers north of Mumbai. It
is surrounded by a thick forest on three sides
and a river on the fourth. It has 58 huts and
295 residents. The nearest town with a sem-
blance of civilization is Wada, at a distance of
27 kilometers. It is — for those heading for
Amle — the last outpost of phone connectivi-
ty. The entire stretch between the two towns is
also devoid of streetlights. 

Amle is one among the thousands of blink-
and-you-miss-it hamlets that dot the length
and breadth of India. During the monsoons,
the only way to enter Amle is by wading
through the river Gargai, which separates it
from the rest of the world. On stormy days, it is
impossible for anyone to cross it. In other
words, the town is cut off from civilization.

Durga Bai, a wizened lady, who says she is
60 or 70 years old, has seen it all. Her hut is
one of the larger structures in Amle. It is
propped up by wooden beams. “When some-
one falls ill, we have two options — a primary
healthcare centre and a rural hospital. Both are
20 kilometers away. We require able-bodied
men to carry the sick on their shoulders,” she

trails off. Her thoughts turn to the many fatali-
ties that the villagers have faced due to lack of
medical aid. Most recently, in June three vil-
lagers died due to lack of prompt medical help.

“Water-borne diseases and ailments related
to malnutrition are rampant in Amle. Add to
this, social ills like illiteracy, alcoholism and
child marriages and you can see that it is far
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purifies up to 20,000 liters of unclean water
per day by pumping it through a membrane of
ultra-fine fibers (see Pictures of the Future, Fall
2011, p. 37). Siemens’ partner Aroehan also
helped set up bunds — miniature dams — and
infrastructure for rain water harvesting, allow-
ing year-round irrigation, and thereby provid-
ing a source of livelihood. 

Prashant Chandwadkar, who works for the
Siemens Infrastructure and Cities Sector —
more specifically for the Low and Medium Volt-
age Division — volunteered as project manag-
er for Project Asha’s technology implementa-
tion. “I am glad Siemens has adopted the
village and is bringing in progress,” he says.
“Every village in India could be similarly trans-
formed through technology.” 

Initially, Prashant and his team struggled in
the face of a lack of skilled manpower in the
village. However, local people were soon
trained in the basic skills of handling equip-
ment. A Siemens engineer supervised their
worksite. “A big challenge was access to the vil-
lage. The truck transporting the equipment
had to be parked four kilometers away. The vil-
lagers took over, carrying heavy batteries, ca-
ble drums and inverters on their heads and
walking down a rough path, wading through
the river and again up to the village. All of this
proved that the villagers were as determined
as we were to make the project a success,”
Chandwadkar adds.

The day the 20 streetlights lit up the village,
in July 2012, Durga said that it felt as if she
was in Mumbai. “Mumbai has come to us, and
hopefully in the future nobody from this vil-
lage will have to move to Mumbai to earn a
livelihood.” Shraddha agrees. “With power, the
villagers are now capable of complementing
their meager income by preparing masala
(mixtures of spices) and other cottage industry
products that they can sell. The water filter will
reduce the incidence of water-borne diseases.
The village officials had dug a well, but it had
limited use until the Siemens solution came

along,” she says. The additional crops and veg-
etables that are cultivated also help improve
nutritional deficiencies.

Dr. Armin Bruck, Managing Director,
Siemens Ltd., adds: “Apart from bringing in
solar energy, pumps for irrigation, and a water
filter for drinking water, we are also involved in
bringing about social change. We are doing so
by increasing health awareness among adoles-
cent girls, the empowerment of women, and
adult literacy. Agricultural support will also en-
sure the village sustains itself with year-around
farming.”

Why People Will Want to Stay. Vilas Erande
of Samved adds a word of caution, though.
“The children can now see and learn at night,
not just listen. But unless villagers are trained
and sensitized to the use of technology, the
model may fail. You need someone account-
able to look after it.” The village school’s
teacher, Janardhan, offers his advice on how to
make the model work. “The villagers, like other
consumers, will not value what is freely avail-
able. They will appreciate the true value of de-
velopment only when they pay for it,” he says.
With this in mind, Amle’s development com-
mittee has decided to charge each household
$1 per month. This amount will be used for the
upkeep of the system, and will also help make
the project self-sustaining.

As the head of the village development
committee, Dilip Vare, a wiry youth in his mid-
twenties, has the last word. He has been to
training seminars and conferences where he
learned how even basic technology can trans-
form his village. “The village needs its people.
This is just the beginning; eventually we will
have enough opportunities here to ensure that
they want to stay,” he says. Project Asha has
brought hope to a village. Amle has gone from
being a remote, inhospitable hamlet to a mod-
el, not just for the rest of the country, with its
120,000 off-grid villages — but for the rest of
the world. Bijesh Kamath

from being a model village,” says Shraddha
Shingarpure of Aroehan, an award-winning
NGO. The latter has not only introduced
Siemens to Amle, but has also entered into a
partnership with the company to bring about
social transformation.

Durga’s grandchildren are among the 29
students of Amle’s school, a run-down shed-
like structure of around 100 square feet. The
school sees many dropouts — at present, only
30 adult males (out of 140) and ten females
(out of 155) have finished school. A boarding
school about five kilometers away offers the
only alternative for students who wish to con-
tinue studying. Dilip Vare, the head of the vil-
lage development committee, is the only one
who has studied there.

Adopting a Village. For decades, Durga’s day
would start at 6:00 in the morning. She and
her late husband would leave their children
home and make their way to a farm just out-
side their village. They would be back home by
7 p.m. just as darkness set in. Droughts were
common, as were the long treks for drinking
water during the summers that left the village
arid. On moonless or cloudy nights, the only
sources of light were torches made of dried
wood and twigs. Every home has a silo at-
tached to it to store wood — the source of
light and fuel for cooking food. The odds were
stacked against Amle seeing any trace of de-
velopment. It resides right in the middle of a
protected forest conservation area. The state
electricity board was thus unable to provide
power to the hamlet.

All of this began to change in 2012 when
Siemens adopted Amle, and Project Asha was
launched. In partnership with Samved Energy
Systems, an engineering, procurement and
construction contractor, Siemens set up a 12-
kilowatt peak (kWp) solar power station. The
project team installed a simple-membrane wa-
ter filter to provide clean potable water. This
filter system from Siemens Water Technologies
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Technology-oriented companies urgently need well-trained female employees. 
However, few are available today. And in many countries, huge obstacles still prevent 
young women from choosing careers in the fields of engineering and the natural sciences. 
And yet the outlook for young women in these fields could hardly be better.

A Man’s World? Think Again!
Technologies that Touch Lives | Gender and Work

Lee Ng’s commute to work takes her
through Silicon Valley. This is where many

big ideas and major companies either got
started or found a home — firms such as
Google, Adobe, Apple, and Facebook, to name
just a few. Lee, 49, works for Corporate Tech-
nology (CT) — Siemens’ global research organ-
ization — at the Siemens Technology-to-Busi-
ness Center (TTB) in Berkeley, California, right
in the middle of this start-up paradise. Her job
is to spot ideas and innovations that might
prove interesting for Siemens’ business areas.
Lee generally goes directly to the founders of
interesting start-ups and offers assistance, but
she’s also good at sounding them out. “I know
how to ask the right questions and what it
means to establish something new,” she says.

That’s largely due to Lee’s own experience.
A native of Singapore, she first attended a girls’
school, then decided to go to a polytechnical
academy rather than high school after she
turned 16. “When I entered my second year
there, I was suddenly the only woman in my
entire grade — all the others had given up. At
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that point at the latest, it became clear to me
that my academic interests were unusual for a
woman, to say the least.” At the age of 20 Lee
decided to take her chances in the U.S., en-
rolling at the University of Texas in Austin to
study mechanical engineering. She later went
on to receive a PhD from the renowned Massa-
chusetts Institute of Technology (MIT), where
she decided to switch her focus from mechani-
cal engineering to materials research. “It was
all completely new to me,” she says. “I had to
work hard to catch up with everyone who had
learned the basics in bachelor and master pro-
grams. I’m very competitive, though; I can’t tol-
erate not knowing things.”

Three years into her career, Lee had her first
baby and quit her job at a consulting firm. She
took only about eight months off and then
worked briefly as a freelancer before catching
the Silicon Valley bug and joining an IT compa-
ny there. She had two more children in the
next five years, and despite the great under-
standing she received from her supervisors,
various breaks, and part-time work, she even-

tually reached the limits of her ability to work
effectively. “If you only work half-time, all the
routine tasks build up and you don’t have
enough time to do your real job,” Lee explains.

Her husband helped her out by going free-
lance after the birth of their third child and tak-
ing on more responsibility for the household
and the kids. The arrangement made sense be-
cause Lee’s husband, as a freelance IT special-
ist, could also work in the evenings and on
weekends. The children are now 19, 17, and
15 years old. The oldest, a girl, is in college;
Lee’s two sons are still in high school. “The
main thing for me today is that my kids can
reach me when they need to and that I’m there
to listen when they have problems,” says Lee. 

Along with her job as a technology talent
scout, Lee is now also putting her entrepre-
neurial skills to work as a trainer in “business
boot camps.” This involves helping women
gain a better understanding of business issues.
“There are two important problems here,” Lee
says. “One is that many women are afraid
they’ll become absorbed in their jobs and lose

percent. To offset this imbalance, Siemens
launched its YOLANTE (Young Ladies Network
of Technology) mentoring program ten years
ago. The program’s goal is to get young
women interested in studying technical and
natural science subjects and to support them.
The network’s membership, now at 350, has
grown steadily since its establishment in 2002.

more and more control over their lives as they
climb the career ladder. The other one is that
women sometimes lack the experience they
need in order to make firm business decisions.”

The new seminars at the boot camps are or-
ganized by Siemens’ global Diversity Office in
cooperation with GLOW@CT (Global Leader-
ship Organization of Women) — the internal
women’s network at Siemens Corporate Tech-
nology. The very positive response to the pro-
gram has surprised even the organizers, and
the Chief Diversity Office is now planning an-
other boot camp in Brazil. Additional camps
are planned for various locations around the
world.

The boot camp is just one of many initia-
tives that Siemens is launching within the
framework of various projects and programs
for women in the MINT professions (Mathe-
matics, Information technology, Natural sci-
ences, and Technology). These programs ad-

Women who earn technical degrees are 

virtually certain to have great career prospects 

and enjoy a wide variety of development 

opportunities.

The fact that the initiative adds about 100 new
members every year demonstrates its success.
The program offers individual consultations,
supports young women in their search for in-
ternships at home and abroad, helps students
find part-time jobs related to their respective
fields, offers special training courses, and pro-
vides access to a broad network of active and

Anne Schannong Vinther, Denmark:

Between Heaven and Earth 

“I feel really free when I’m up there,” says Anne Schannong Vinther, 28,

who leaves her office for about a third of every year in order to go 70 meters

up into the air in a climbing harness. Vinther is an engineer who works at

Siemens Wind Power in Aalborg, Denmark, where she helps to ensure the

quality of rotor blades for large wind energy facilities. This requires her to

rappel herself down from the nacelle so that she can closely inspect the 

rotor blades. “Although it looks very spectacular, we plan every mission in such detail that things can’t get very

scary. Safety always has top priority,” says Vinther, who forwards the results of her inspections to her colleagues

at the development department. The rotor blades of wind turbines have to last for a long time, despite the fact

that the wind puts them under a lot of strain. In fact, air masses often subject the blades to pressures of up to

100 metric tons. Vinther began working for Siemens in Aalborg while she was still writing her master’s thesis.

By now she has become an expert in her area of specialization. “I’ve always liked math and physics. I liked it

when I could achieve palpable results,” she says about her schooldays. Although studying industrial manage-

ment systems in Aalborg was challenging, it was also interesting, Vinther says. “You don’t just learn a lot about 

a specific field — you also find out how to access new areas of knowledge. That helps me in my job, because I

always have to keep abreast of the latest developments,” she explains. Another aspect Vinther likes about her

work is the fact that the three men and three women in her team ideally complement one another. “It’s very im-

portant to know that we can rely on each other one hundred percent, especially when we’re conducting inspec-

tions out in the field,” she says. Vinther’s office is located right next to the plant in which the huge rotor blades

are made in one piece. This helps her communication with other departments. Even though the production

process is being increasingly automated in order to further reduce the cost of wind power, considerable manual

skill is still required to make the rotor blades. Employees are proud of their product, and the task of making the

blades is regarded as much more than a job by many of the workers. “I like working for a company that’s in-

volved in creating sustainable forms of energy,” says Vinther. “The future belongs to natural resources like wind

power. Once you’ve worked for a green company, you don’t want to go anywhere else!” Stefan Schröder

dress the early stages of women’s professional
development, because although many women
have what it takes for training and education
in MINT fields, only a few of them plan to pur-
sue a technical career. In Germany, for exam-
ple, only one out of every five engineering
graduates is a woman, but only one out of ten
engineers is a woman. “We need and want to
benefit from women’s potential at every level
of the company. In particular, women with col-
lege degrees in engineering and the natural
sciences have outstanding opportunities at
Siemens. We offer them work in pioneering
technology fields, exciting assignments
abroad, and many opportunities for personal
development right from their very first day on
the job,” says Brigitte Ederer, Member of the
Managing Board and Head of Corporate Hu-
man Resources. 

Networking for Young Ladies. The share of
women in engineering professions at Siemens
worldwide is currently just under 14 percent;
the figure for Germany as a whole is only 8.5
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former program participants at the company.
Thanks to this approach, female students get
to know Siemens early on in their develop-
ment and receive an overview of the Group’s
corporate culture and the environment where
they might be working one day. In order to en-
sure that the potential of young women does
not remain undiscovered, Siemens, the Daim-

ler AG Mercedes Benz plant in Berlin, and
Deutsche Telekom have launched a project
called VITAMINT, which is being funded as part
of a Germany-wide initiative to promote equal
opportunities for women in business. The proj-
ect offers continuing education programs for
teachers in order to expand the range of career
choices for young women. In addition, compa-

Gerlinde Djumlija, Austria:

Mill Technology Expert  

Gerlinde Djumlija has long since accepted that she’s both respected and

feared for her persistent nature. She has achieved recognition in the field of

steel manufacturing, where she is responsible for developing global business

strategies. In the 1980s Djumlija was one of the few women studying at the

technology-oriented University of Leoben in the Steiermark region of Aus-

tria. She was an exotic figure among the dozens of tech-savvy males in a

field of study that was reputed to require nerves of steel. “I immediately fell in love with the metallurgy curricu-

lum because it included so many natural science subjects,” Djumlija recalls. She received her master’s degree af-

ter six years — and by the time she was done, she already had a job offer. “Right after my last exam, someone

from an engineering firm called me and asked me if I wanted to work there,” says Djumlija. From then on, she

immersed herself in technology, conducted research, calculated designs for industrial facilities, and carried out

metallurgical analyses. “A rolling mill consists of hundreds of tons of steel, thousands of technical interfaces,

and countless individuals who operate and support it,” she says. “I still think it’s a technological marvel that we

can make all of these elements function together perfectly.” The experience Djumlija was gaining led not only to

more complex tasks but also to more responsibility. “I regarded every new task as an opportunity to develop per-

sonally and professionally,” she says. Her persistence paid off. For the past three years she has served as the

Head of the Business Excellence department in a Business Segment at Siemens Metals Technologies. In this ca-

pacity, her work has shifted toward areas such as strategy, product management, and marketing. About two

months ago Djumlija assumed responsibility for Siemens’ global business activities with hot and cold rolling

mills, for which she now manages all aspects of sales and projects, among other things. Her advice for combin-

ing a career and family is simple: “You have to be self-confident and clear about what you want. My bosses let

me set my own hours. I stay in the office until the early afternoon and then spend time with my two children. In

the evenings I do teleworking, answer e-mails, and prepare for presentations and business appointments. If I

have to be away in the afternoon, my husband or my mother watches the kids.” For longer business trips, she

plans everything in advance — for each day she’ll be away and for each child. “Organization is crucial,” she says.

“But all of this would be impossible if it weren’t for Grandma.” Anita Bruckmüller

Anitha PC, India:
Software Development 

Anitha PC spent five years teaching the fundamentals

of computer technology at the Technical University of

Visvevaraya in India. In 2004, when Siemens first

opened its Bangalore Research Center, she applied im-

mediately. “I was in the first group of people who were

hired by CT in Bangalore,” says Anitha, whose unusual

last name, PC, is an abbreviation of a very long surname

consisting of the name of her place of birth and her fa-

ther’s name. After receiving a bachelor’s degree in elec-

trical engineering at Kuvempu University in 1998, she

went on to obtain a master’s degree in computer sci-

ence at Manipal University. Both of these universities

are located in the Indian state of Karnataka, which is

also home to Bangalore — better known as India’s Sili-

con Valley. “While I was studying, I began to realize how

important software was becoming in all areas of life,”

Dr. Anja Stieglitz, Germany:
Materials for Rail Vehicles  

Dr. Anja Stieglitz has always wanted to know how things work. Even as a

small child, technology interested her, and she preferred to play with cars in-

stead of dolls. As a young woman, she pursued her goal with great determi-

nation. After she received her high school diploma, Siemens gave her a

scholarship so that she could earn a bachelor’s degree in mechanical engi-

neering at Niederrhein College in Krefeld. In addition to attending several

Siemens design seminars, Stieglitz also took training courses in communica-

tion-related topics. During semester breaks she worked in a train assembly department, where she learned more

about the company and engineering tasks. She subsequently earned a master’s degree and at the same time

took part in a work-study program devoted to manufacturing technology. She was promised a permanent posi-

tion even before she officially obtained her doctorate. Today Stieglitz, 28, works at Siemens’ development de-

partment for rail vehicles in Krefeld. One of the topics the department addresses is the joining of materials. “The

different parts of trains are welded together or joined with screws or adhesives,” she explains. 

Although Stieglitz was pretty much the only woman among a crowd of men when she attended college, the sit-

uation is different at Siemens. “Twenty percent of the people who got Siemens scholarships were women, al-

though only 15 people obtained scholarships altogether. Women even accounted for half of the scholarship re-

cipients in the graduate program, although that’s not too surprising since there were only four students in total,”

she says jokingly. Although women are a minority in her department, some of them occupy leadership posi-

tions. What Stieglitz particularly likes about her job is its diversity. She makes plans, conducts research, discusses

the work, and documents the results. She also has to travel throughout Germany to evaluate products in manu-

facturing facilities. What’s more, she also has a say in deciding which materials are ultimately used and how

they should be correctly designed. In a sense, it’s “high-tech handicrafts for grown-ups,” she says. 

According to Stieglitz, it’s not hard to get girls interested in technology; all you have to do is to teach them at an

early age that there’s more to life than playing with doll houses and braiding hair. “Girls can stay girls, but par-

ents should let their daughters play with cars, trains, and building blocks too,” Stieglitz says. Her advice for

women interested in engineering is: “Don’t become discouraged just because you’re in the minority! Women are

just as good as men at earning engineering degrees.” Anja Stieglitz is living proof of that. Ines Giovannini

ny representatives and trainees provide infor-
mation about various training and work-study
programs in technical fields and assist young
women who are interested in entering such
professions. The German system of apprentice-
ships, which combines practical and theoreti-
cal work, is particularly attractive and is arous-
ing interest well beyond Germany’s borders. In

fact, U.S. President Obama cited Siemens in his
State of the Nation address as a model for his
training initiative. He specifically referred to a
Siemens pilot project in Charlotte, North Car-
olina, in which young women are completing
apprenticeships in line with the German pat-
tern. Siemens, in conjunction with local part-
ners, is also carrying out projects that combine

the workbench and the classroom in Brazil,
Russia, and the Middle East. It’s also carrying
out school partnership programs in many re-
gions, including Germany, Brazil, the Nether-
lands, the UK, Greece, Austria, and Denmark.
These programs aim to generate interest in the
natural sciences and technology among
schoolchildren. In addition, Siemens employ-

ees in the U.S. regularly stage a Siemens Sci-
ence Day at various schools to get children in-
terested in math and science. The Group also
works with schools in China, Thailand, Chile,
the Philippines, and Turkey to support poten-
tial employees and ensure that women are a
key part of  the world of tomorrow. 

Maximilian Heinrich / Christine Auer

Anitha says. “Embedded software especially became

more and more crucial, and today it can be found in

everything from electrical engineering equipment to

cars and communication systems. That’s why Siemens

is the ideal employer for me.” Anitha still enjoys the fact

that she is in charge of developing software for a broad

range of products and equipment from all Siemens sec-

tors. She is currently responsible for a research group

studying user requirements and design.

Anitha invented a method for automatically translating

domain-specific modeling languages (DSM) into a uni-

fied modeling language (UML). She eventually obtained

a patent for this new technique. In 2009 she took on a

management position in a newly formed team for re-

quirements engineering. Its job is to develop precise

knowledge of customer requirements at a very early

stage in the planning process. This is becoming increas-

ingly important as Siemens places more and more em-

phasis on developing “smart” products tailored to the

Indian market. Anitha coordinates cooperation between

her team and the respective product development engi-

neers at Siemens’ sectors. “We have to closely examine

new products very quickly and be able to recognize po-

tential development problems before they occur,” she

explains. Anitha immensely enjoys this software devel-

opment challenge, which she needs to address every

day in her work. “Anything else would be too boring for

me,” she says. She also likes to do different things in her

free time. But although she enjoys variation in her rou-

tines, she can also appreciate the importance of perma-

nence in life. That’s particularly the case when it comes

to her husband and young daughter. Katrin Nikolaus
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Professor Patrick Baudisch,
44, is the Head of the Human
Computer Interaction group at
the Hasso Plattner Institute in
Potsdam. The group is responsi-
ble for developing interactive 
devices for the future. The re-
searchers’ focus is on developing
new mobile devices such as cell
phones, but also very large dis-
play systems such as electronic
desks, walls, and floors. 
Baudisch, a computer scientist
who received his doctorate in
Darmstadt, previously worked at
Microsoft Research in Redmond,
Washington, and at Xerox Park
in Palo Alto, California.

When Users and Computers Perceive Each Other             Naturally

Technologies that Touch Lives | Interview

In one of your courses, you tell your 
students to design applications that can
be operated by foot. What’s the point 
of that?
Baudisch: We initially viewed this as a kind of
thought experiment, a possible answer to the
question of how computer users might be
able to directly interact with large amounts of
data. The size of today’s multi-touch systems
generally ranges from the dimensions of a cell
phone to those of a coffee table. The reason
why they’re not any bigger has to do with the
length of the human arm. So the question is:
How can you implement the principle of “di-
rect touch” with tens of thousands of objects?
Why not use a pressure-sensitive touch-floor,
for example? Here users can move between
large volumes of data, as the touch-floor rec-
ognizes them on the basis of their shoe sole
imprints and can also tell whether they’re sit-
ting, standing, or lying down. This idea has
been developed further toward the concept 
of intelligent rooms.

Could such a technology make life easier
for senior citizens?
Baudisch: That’s exactly what we’re thinking.
Imagine that you’re a senior and are able to
use a system that allows you to live at home
by supporting your daily activities and check-
ing to see whether you’re moving around
enough or sitting in an ergonomic position.
Such a system would also call for help if you
fall, for example. Our touch-floor uses 13 mil-
lion pixels that are analyzed 30 times a second
to collect a huge amount of data. It’s conceiv-
able that in five to ten years you’ll be able to
roll out a touch-sensitive carpet that will de-
tect and localize things in the room it’s in.

What other electronic wonders do you
envision for our aging societies?
Baudisch: A student of mine named Christian
Holz is working on implantable interfaces —
we’re talking about 25 years into the future
here. Many people today have implanted de-
vices such as insulin pumps, pacemakers, and
hearing aids. However, they cannot operate
them. Instead, they have to go to a doctor to
get the units configured. Christian is studying
how people might be able to directly interact
with these devices — right through the skin.
It’s an unusual perspective, but a very impor-
tant one for our lives in the future. 

What else might be possible in the next
ten or 20 years? 
Baudisch: One new thing we’ll be seeing are
ultra-mobile devices. These might be thumb-
sized and could be worn as watches, pendants
or rings — in other words, as part of normal
attire. The devices will provide the wearer with
access to digital information anywhere and at
any time. The most extreme examples are the
“imaginary” devices we are researching now.
These have no display and can be as small as
the user desires. One of our prototypes — the
Imaginary Phone — works like a cell phone.
The user interacts with it via a small camera
that is worn on the body, perhaps in the form
of a brooch. The camera monitors the user’s
hands, whereby the left hand represents the
interactive interface of the cell phone. The
user can then “type” with his or her right hand
on the left one as if that hand were a touch
screen. 

Devices like the iPhone have revolution-
ized the market and the way we think.
What type of device will we be using to
make calls in 2017?
Baudisch: I can’t tell you that for sure, but
there’s no doubt that desktop computers and
mobile devices will merge until, at some point
in the future, we will only be carrying a single
computer around with us. It will have the
shape and the functionality of a cell phone.
When you get to the office, you’ll connect this
unit to a keyboard and a display, and these 
will then be your PC. Apple, for example, is
now working intensely on uniting the func-
tions of PCs and mobile devices to create units
with standardized applications and uniform 
interactive principles. 
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Smartphones and tablet computers 
respond to gestures. Does this mean
we’re on our way to a multi-touch world?
Baudisch: We already have one. Multi-touch
has been successful because it enables us to
make devices smaller by overlaying the display
and the input interface. Multi-touch supports
people who are frequently mobile or who
have to deal with lots of different people as
part of their job — for example, doctors who
need to go to many individual patients in a
hospital and therefore carry their tablet PCs
around with them. 

Will we at some point be operating 
devices solely with gestures?
Baudisch: Definitely not. Certain types of 
interaction can be carried out very well by
means of gestures — like conducting an or-
chestra or guiding an airplane on a runway.
But what kind of gesture should you make if
you want to ask an object for help? Intuitive
gestures are limited to the applications they’re
associated with in the physical world. 

Which technologies do you believe will
ultimately succeed? 
Baudisch: Interestingly enough, no specific
technologies will dominate. Instead, you’ll see
an alternation between diversification and
unification. An example of unification is Ap-
ple’s approach of merging PC and mobile
lines. Nevertheless, we will still have special-
ized devices. Fifty years ago writers used type-
writers, but today they write on the keyboards
of their PCs. This will remain the case, because
a PC keyboard is the perfect component for
writing. If you want to play the piano, you’ll
use a piano keyboard. However, despite the

great variety of interface devices, you’ll proba-
bly still have only one computer, which will
not only reduce costs but also keep all of your
data consistent. At the same time, there’ll be
different input and output devices, and people
who usually work in one place will continue to
use the keyboard-mouse setup for a longer pe-
riod of time than you might think. 

Will it be easier or more difficult for us to
use technology 30 years from now? 
Baudisch: It will be easier. Today’s children
are already growing up with devices that they
understand better than they grasp the physical
world around them. You may have seen the
YouTube video of a small child who is holding
something printed on paper in his hand and
tries to swipe his finger over it to move the
pages like on an iPad. We used to use
metaphors from the physical world, like those
related to an office, in order to explain com-
puters. Your e-mail program has an “inbox” be-
cause that’s where interoffice and outside mail
was placed in the days before the Internet. To-
day’s young computer users have never
worked in an office, which means they learn
such things from computers before they expe-
rience them in the physical world. The logical
consequence of this is that we now more fre-
quently explain the physical world in terms of
computers — like light switches marked with
“0” and “1.”

So you’re saying we don’t need intuitive
systems because our way of thinking has
adapted to the computer world.
Baudisch:  Yes and no. On the one hand, as
an application developer I can assume a lot
more knowledge on the part of users. On the
other hand, I want to make operating a device
simpler and more intuitive with the help of
natural user interfaces, or NUIs. NUI systems
are based on “new” interaction technologies
such as multi-touch surfaces, cameras, and
microphones. The term NUI actually describes

a fundamental development: Whereas the
desktop computers of the 20th century per-
ceived users merely as coordinate axes — in
terms of the mouse cursor— NUIs enable
computers and users to perceive one another
in a much more natural manner. Now users
see the computer interface in graphic detail —
and the computer sees you in just as much 
detail due to your gestures, facial expressions,
and voice. NUI input requires much more ex-
tensive interpretation than a conventional 
input device such as pressing the button for 
A and the device then gives me an A. In other
words, if a computer sees a group of users
with raised hands via its camera, the image
can be interpreted in many different ways. 
The new challenge lies in eliminating the re-
sulting ambiguity. 

Researchers say that microchip perform-
ance will increase another thousandfold
over the next 20 to 30 years. Do you see
any technical limits regarding human-
machine relationships? 
Baudisch: The ability to make rapid calcula-
tions is definitely useful, but it long ago
ceased to be an obstacle to progress in this
field. For a certain period of time, there will
still be limits regarding the miniaturization of
batteries or the levels of brightness produced
by very small projectors. The heat emitted by
microchips is also often a problem. Nonethe-
less, the processor in your cell phone today is
350 times faster than the best computer from
the 1980s. For quite some time now, the real
limits to development have been the limits of
human beings — aspects such as the resolu-
tion capacity of the human eye and the size 
of our fingers. In other words, interfaces have
to accommodate human senses, which is why
the issue of user interfaces is just as important
today as it was in the 1970s, when Xerox de-
veloped and launched the first-ever user-
friendly devices — the Alto and the Star.

Interview conducted by Silke Weber

Baudisch works on unusual applications —                                                                   like touch-floors that respond to shoe sole imprints and can call for help in emergencies, and “RidgePads” (right) that are twice as precise as capacitive touch screens.



David Hillel Gelernter, 57, 
a computer scientist at Yale
University, is regarded as a
computer visionary. In the
mid-1980s he developed 
software that helped to 
program the Internet and
other computer networks. In
1991 he predicted the success
of the World Wide Web and
developed the concept of
cloud computing. Still, the
“rock star” of the digital world,
as the New York Times has
called him, is not really happy
with the current state of 
computer affairs. He is calling
for a new revolution — the
“cyberstream.”

Envisioning a Simplified, Consolidated Stream for all Experiences

Technologies that Touch Lives | Interview

You are unhappy with the current state 
of communications and information 
technology. Why is that?
Gelernter: The Internet and our modern
means of communication still need to be im-
proved. The problem is that humans are ex-
pected to adapt to technology, and not the
other way around, as it should be.

Are you saying the iPhone and Android
phones are not user-friendly?
Gelernter: Sure, they are nice designs, but
through these devices we are confronted with
an ever faster flow of information. This “cyber-
pulse” cannot be exactly quantified, but it can
certainly be described. A century ago we still
received information in the shape of handwrit-
ten letters, newspapers, books, and telegrams.
Two or three generations ago these media
were joined by phone calls, radio, and televi-
sion. Today there is e-mail, online blogs, news
and other websites, text messages, voice mail,
and social networks. This speed and informa-
tion density is not sustainable in the long run
— people’s receptivity has natural limits.

How should we handle it? Go on an 
information diet?
Gelernter: It wouldn’t hurt, but ultimately the
technology itself needs improving, by means
of a simplifying level superimposed on all the
various news and communication channels
we live with. I call it a “lifestream” — it’s the
story of our lives in digital form. Every digital
document I’ve ever created or received — all
of my text documents, photographs, e-mails,
my own entries on Facebook, Twitter, and so
on — all that will be represented in a single
data flow in the cloud, which I can access from
anywhere and from any device. My graduate
students and I developed these ideas in the
early 1990s, but the time wasn’t ripe for it.

But wouldn’t we have to adjust to that
too, since nothing like it existed before?
Gelernter: I don’t see any problem there. Af-
ter all, the lifestream tells stories — and that’s
one of the most natural human occupations.

Is a lifestream something like a timeline
on Facebook?
Gelernter: Yes, but the lifestream should not
be owned by any company. In the long run,
this would change our understanding of the

Web. We wouldn’t see it any longer as static,
but as a river — like a power grid that provides
us with electricity when we need it. When I
work on a presentation, I’ll see everything re-
lated to the project — notes, e-mails, data
from the Internet. I can take an e-mail I don’t
want to reply to right now and push it along
the timeline into the future. The current situa-
tion, in contrast, is totally unsatisfactory.

Would the Internet of Things also be 
integrated?
Gelernter: Of course. One idea in my book
Mirror Worlds (1991), was that the virtual
world would reflect the real world. You see
that already when your navigation software
shows where to expect a traffic jam. In the fu-
ture, my household appliances could provide
me with information in exactly the same way. 

And what about robots?
Gelernter: Robotics is physical, so it’s devel-
oping at a slower pace than virtual space.
Also, the pursuit of AI is far less ambitious to-
day than it was 20 years ago. After all, it’s very
difficult, if not actually impossible, to replicate
the human brain in a machine. 

If our world is reflected entirely online,
what will happen to our privacy? 
Gelernter: Social networks have not created
the trend toward self-exposure — the environ-
ment has long promoted the abandonment of
privacy. Autobiographical writings have been
bestsellers ever since Rousseau. Facebook etc.
have simply given people a new platform for
being open about themselves. In 1996 an
American college student, Jennifer Ringley,
caused an uproar by broadcasting her private
life via a webcam in her dorm room for all the
world to see, including intimate moments. To-
day no one would care about that.

How public would this lifestream be?
Gelernter: The way I see it, it would initially
be provided by Lifestream Inc. — a company I
co-founded in New Haven. We are now com-
pleting the first software package, which we
expect to launch on the market at the end of
2012. But we don’t want to control it. The ex-
act specifications of the software would be
public. Some elements in this lifestream are
private — what the user decides to make pub-
lic would be accessible to everyone.
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Have we sacrificed something as a result
of communications technology?
Gelernter: Yes — immensely. Modern infor-
mation and communication media promote a
short attention span and a superficial under-
standing of the world. The really important
achievements of humanity are the artistic, reli-
gious, scientific, medical, philosophical ones.
If modern technologies don’t help us under-
stand these achievements better, they’re ulti-
mately not worth much.

It sounds as if you’re promoting a classic
conservative critique of modernity.
Gelernter: There have always been reac-
tionary tendencies that oppose new develop-
ments. For example, in the 1950s and 1960s
many people criticized television. But it’s a
double-edged sword — there’s a lot of
garbage on TV, but there are also some good
programs. It all depends on how we use
things. That’s why modern technologies have
to be built in such a way that they support us
instead of dominating us.

Do you see a risk that the trash could gain
the upper hand?
Gelernter: It used to be that almost every stu-
dent had heard of the Bauhaus; today there
are only a few. Wittgenstein, who in the eyes
of many is the most important philosopher of
the 20th century, is also unknown to many.
Today you can look up everything online, but
we have to consider what today’s young minds
never get to know because they are not con-
fronted with it. I believe there is good reason
to reconsider the value of books in education
and training. A book is easy to use, durable,
well adapted to the pace at which we take in
and understand information — and there’s
less room for distraction.

A childhood without computers? Are you
kidding?
Gelernter: You have to see it differently. It
would be a great loss to forgo books. But as
with television, it makes no sense to ban com-
puters or iPads. Instead, we should improve
their design. So much emphasis is placed on
design in Europe — so I find it surprising that
so little momentum comes from there in
terms of the design of cell phones, tablet com-
puters, and their user interfaces.

Interview conducted by Hubertus Breuer.
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Whether it’s work processes in hospitals, production in indus-
trial plants, or a conductor’s job on a train — software and in-
terfaces that are easy to understand and operate are needed
everywhere. However, in order to find the right solutions, it’s
necessary to monitor people’s activities and behavior at work.

What’s the Ideal Interface?
Technologies that Touch Lives | On-the-Job Usability

Usability expert Beate Schwichtenberg 

(lower corner) analyzes the interaction 

between humans and machines in order 

to develop systems that make work easier. 

Beate Schwichtenberg is sitting in an oper-
ating room and looking as if she’s just

landed in Papua New Guinea. Everything is so
strange here! She can recognize the surgeon
— but all those instrument operators, assis-
tants, anesthesiologists... She’s absorbed by
what she sees: The emergency surgery room
at this university clinic looks to her almost like
a carpenter’s workshop, what with all the
drilling and bolting going on. Like a shadow,
Schwichtenberg moves around with hospital
staff, taking notes on everything they do,
every unwritten rule, every minor process.

Schwichtenberg doesn’t really belong here,
because she’s not a doctor. However, as a us-
ability expert, it’s her job to watch people at
work and then develop systems that facilitate
their tasks on the basis of her observations.
She learned how to do this by studying cogni-
tive science at the University of California in
San Diego (UCSD). Her colleagues in the Us-
ability Lab at Siemens Corporate Technology
(CT) in Munich, Germany, studied similar sub-
jects — psychology, computer science, com-
munication design, etc. — generally with a fo-

cus on human-machine interaction. Today spe-
cial programs with names like Human-Com-
puter Interaction, Usability Engineering, and
Human Factors are on offer. “That’s not surpris-
ing,” says Dr. Martin Scheurer, Head of the CT
Usability Lab. “Human beings and the way they
interact with computers and machines largely
determine how productive a company will be.” 

That’s why systems must be well adapted to
people and how they work, rather than the
other way around. “We need to understand
users’ needs,” says Schwichtenberg. “Other-
wise, it’s impossible to design systems that fit
in with a specific working environment.” To
this end, Schwichtenberg goes into the field,
works with ethnographic techniques, and tries
to tap into the implicit knowledge of the “na-
tives,” as she refers to workers. “You need this
knowledge to analyze things that are taken for
granted and identify behaviors and word
choices, for example,” Schwichtenberg says.
Her specialty is observing German hospitals.
Over the last six years, she’s visited 40 of them. 

Schwichtenberg’s reference to Papua New
Guinea as a metaphor is not as exaggerated as
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In the future, it should be easy to quickly recharge an electric car regardless of where 
you happen to be. To help achieve this goal, researchers at Siemens are running 
several major projects that evaluate how charging technologies perform in real life. 

Charging Hits the Road
Technologies that Touch Lives | Electric Vehicles

Siemens engineers testing high-speed

automotive DC charging stations. In just 20 

minutes a recharged lithium-ion battery can 

have enough energy for a 150 kilometer trip. 

Alocation in Germany in 2013. An electric
BMW leaves the A9 autobahn, which links

Munich with Leipzig, and glides into a gas sta-
tion. The driver gets out and opens the fuel
tank flap. But instead of reaching for a gas
pump, she pulls out a charging cable. Because
the cable transmits electricity at up to 50 kilo-
watts, the lithium-ion battery can be quickly
recharged. After a 20-minute coffee break, the
motorist has enough fuel for another 100 to
150 kilometers. 

Although no decision has been made as to
the specific locations of such charging sta-
tions, they will definitely be set up as part of a
recently launched showcase project called
“Electric mobility links Bavaria and Saxony.”
Germany will launch four such showcase
demonstration projects to evaluate how well
users accept electric cars in everyday life. 

“It will be particularly exciting to see how
effective our fast charging technology is and
how much it will be used,” says Matthias Fel-
ten, who coordinates Siemens’ contribution to
the project. Siemens plans to set up nine
charging stations along a 400-kilometer
stretch of the A9 on what will be Europe’s first
full-length electric vehicle highway. 

Siemens has been researching fast charging
systems for years (see Pictures of the Future,
Fall 2009, p. 44, Spring 2010, p. 92, Fall 2010,
p. 34) and has found solutions for some of the
associated problems. For example, a powerful
rectifier is needed to turn the alternating cur-
rent from the grid into direct current for a car’s
lithium-ion battery. Although this can be done
onboard the vehicle, Siemens has also devel-
oped direct current charging stations that sup-
ply the right kind of electricity. 

Progress has also been made regarding
plug development. Almost all automakers in
Germany now support the “Combo” plug (IEC
62196-3), which is apparently also becoming
the standard throughout Europe. This plug,
which is also known as the combined charging
system, works with the direct current of fast
charging stations as well as with the 230-volt
alternating current used in private garages.
The system is so simple that even people lack-
ing any kind of technical know-how can’t use it
incorrectly. 

All you have to do is insert the plug, and the
current begins to flow. For a long time, experts
were uncertain about how electricity would be
transmitted. Although charging should be fast,
batteries age quickly when they become hot.
However, for safety reasons alone, it is already
necessary to equip lithium-ion batteries with

112 Pictures of the Future | Fall 2012

the conductors’ work easier. He’s now using
what he learned to design a smartphone app
for staff in modern trains — for example, trains
of the ICx high-speed fleet that will be intro-
duced in the near future. Kessner discovered
that conductors do not like having to carry sev-
eral devices as they move through a train that
is up to 400 meters long. They also complained
that even with the devices, they still can’t do
everything they need to do. 

“With the right smartphone app, conduc-
tors could do much more on the move,” says
Kessner. For instance, a new app would allow
them to make announcements even when
they’re not in the conductor’s compartment.
They could also communicate with one an-
other, adjust climate controls, and intervene in
the door control system. Up until now, all
these things had to be done via a console in

“However, the main thing is that the app off-
sets certain machine limitations,” says Corpo-
rate Technology researcher Christian Butter,
who is managing  the app project in conjunc-
tion with Uwe Scheuermann from Siemens In-
dustry Motion Control. 

Sinumerik technology is used in computer
numerically-controlled milling machines,
lathes, and die-casting and injection-molding
units all over the world. But up until now, ma-
chine touch panels have not supported text in
some languages, such as Chinese. But the new
app allows users to send messages about er-
rors to machines in any language. Their col-
leagues can then, for instance, immediately
see in which mode a machine is operating. Pre-
viously, gaining such information was compli-
cated. Thanks to the new app, it is becoming
increasingly user-friendly. Silke Weber

tor likes to work with post-it notes because he
or she needs to take lots of notes, the software
can be made to do this.” In other words, it is
tailored to the normal work practices of occu-
pational groups in hospitals. 

Consider the following example. Hospital
stays are often planned weeks in advance and
occupancy managers are responsible for allo-
cating beds, scheduling examinations and op-
erations, and ensuring that enough beds re-
main available for emergencies and that
distribution is fair. All of this is meant to
achieve a good occupancy balance among the
various stations. During her analyses,
Schwichtenberg paid close attention to how
the hospital’s occupancy manager worked and
which types of documents and tools he used.
Today, the administration system she worked
on combines all this information in an applica-

it sounds. She studied under Prof. Edwin
Hutchins in the Department of Cognitive Sci-
ence at UCSD — and Hutchins, a cognitive
ethnographer, studied the natives of the island
nation of Papua New Guinea in the 1980s. He
later applied his methods to his work with the
U.S. Marines and his analyses of company cul-
tures. “Basically, the workings of a hospital are
as foreign to us as Papua New Guinea,”
Schwichtenberg says. Every culture has rules
that all its members are familiar with but that
outsiders find difficult to understand.

Together with experts from Siemens
Healthcare, Schwichtenberg and her col-
leagues incorporated the results of their stud-
ies into a high-tech hospital administration
system. The system has an intuitive operating
concept tailored to the typical work habits and
work context of all the professional groups at a
hospital — from admissions staff to surgery
coordinators and medication monitors. “The
software’s interface needs to be familiar to all
users,” says Schwichtenberg. “If an administra-

tion that displays a graphic overview of the
number of occupied beds, generates a calen-
dar for patient admissions, and includes a
search function for available beds. 

Users only need to know how to operate
the application they need for their own work.
The system’s modules cover areas such as out-
patient administration, surgery, and patient
data management. The system also links the
clinical and administrative sections of a hospi-
tal. “The clinical departments deal with people
— the patients,” Schwichtenberg explains. “Ad-
ministrators don’t; they just work with case
numbers.” The software thus networks these
two completely different areas.

An App for Train Conductors. Usability ex-
perts are constantly exploring unfamiliar
worlds. One of Schwichtenberg’s colleagues,
Martin Kessner, recently observed conductors
in the German railway system. Kessner exam-
ined a range of situations and tried to deter-
mine which types of applications could make

the conductor’s compartment. But with the
new app, a train control system could also
send information about defective toilets or un-
locked doors straight to a conductor’s smart-
phone. In other words, a train and its conduc-
tor could “talk” more or less in real time.

Working on the Move. Creating apps for the
working world — that’s the goal of Siemens’
“Mobility First” approach. The idea is to com-
bine the key tasks performed by an occupa-
tional group into one app — be it in a hospital,
on a train, or in a factory. Siemens is now fo-
cusing intensely on the latter, with mobile ap-
plications for production facilities. For exam-
ple, it is testing a prototype called Sinumerik
Mobile at its Test Application Center in Erlan-
gen. The center serves as a lab for machine
tools that work with Sinumerik controls. Sinu-
merik Mobile is an app that monitors and diag-
noses electronically-controlled machine tools. 

The app enables employees to control ma-
chines conveniently via their smartphones.

Self-evident interfaces help tablet PCs simplify work. Researchers are developing phone-based apps for use in production environments.
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With its trend-setting interior, the new Inspiro metro is a real eye-catcher. 
But there’s more to the concept than just outstanding design. The railcars themselves are 
carefully tailored to meet the needs of passengers, including those with reduced mobility. 

Riding in Style
Technologies that Touch Lives | Light Rail Systems 

The subway train is waiting at the platform.
It’s a familiar situation for subway users —

having to decide whether to make a dash for  it
or wait for the next train. At Siemens’ Mobility
facility in Vienna, Austria the answer is simple.
In the door windows, strips of red light that di-
minish in length, similar to an hourglass, show
there is still enough time to board before the
strips start to flash and the doors shut. Sec-
onds later, you’re safely aboard, though
slightly out of breath. 

Not that anyone has to hurry to catch the
test subway at Siemens Mobility in Vienna. It’s
not about to go anywhere and doesn’t even
have any wheels, sitting instead on a fixed cra-
dle. Part of the railcar wall has been removed,
thus affording potential customers a proper
look inside. The view is “revolutionary,” accord-
ing to engineer Werner Chmelar. He is the plat-
form manager for Inspiro, a light rail train de-
veloped in recent years by Siemens here in
Vienna. The latest generation is based on a
platform concept, which means that most of

the components — coachwork, bogie, electri-
cal systems — are always the same (see Pic-
tures of the Future, Fall 2010, p. 18). This brings
substantial cost benefits compared to predeces-
sor models, which sometimes had to be partly
redesigned to meet customer specifications.
Chmelar’s job is to ensure that the railcar con-
cept can be matched to market requirements as
efficiently as possible. 

A closer look reveals what this means. Along-
side the mock-up are railcars destined for a new
subway in Poland’s capital, Warsaw. These are
the first to be based on the Inspiro platform and
are scheduled for delivery in April 2013. Hanks
of cable still hang out from the roof. It all looks
pretty chaotic to the layperson, but in fact the
design is amazingly simple. Aluminum sections
stretching the full length of the car provide sta-
bility and serve as cable ducts and fixtures for
LED lamps. Mounted to the edge are vent pan-
els of soft fabric for the air conditioning. Stand-
ing nearby are railcars for the Oslo subway sys-
tem. Their predecessor model caused a

sensation a few years back since it was 95 per-
cent recyclable. Here, however, the roof consists
of substantially more aluminum sections, which
have to be bolted together, and the air condi-
tioning is provided via individually mounted
hoses. Similarly, the lights have to be mounted
separately. Even the untutored eye can see that
this design is much more complicated and
costly. 

Not that passengers need be aware of the
platform concept and all its benefits. What inter-
ests them primarily is the look and feel of the in-
terior. In fact, the various elements of the new
Inspiro — seats, poles, lighting — all look
slightly out of the ordinary, while still seeming
absolutely right. “The design is going to cause
quite a stir,” Chmelar predicts. 

He could well be right, as some of the details
are truly exceptional. For example, the light
strips described above are a completely new fea-
ture. They consist of LEDs mounted in the edges
of the door windows. When the train enters a
station, the light strips shine yellow, so that pas-

Siemens’ new metros are based on 

a cost-effective platform concept 

and a user-friendly interior design.
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Cordless Charging: Now Cars Can Do it Too

Even though cordless inductive charging has long been a standard feature for electric kettles and

toothbrushes, developers have found it difficult to create such a system for automobiles. Inductive 

electricity transmission works best if the position of the magnetic coils in the road surface and the cars 

are precisely defined. The bigger the air gap between them, the stronger the electromagnetic field must 

be in order to transmit a specific amount of electricity. Between 2010 and 2011, as part of the joint IndiOn

project, BMW and Siemens demonstrated that inductive charging does indeed work in cars. In a research

vehicle, the two companies managed to transmit electricity with over 90 percent efficiency, provided the

coils were not displaced by more than 14 cm from one another. A positioning assistant developed by BMW

enabled test drivers to park the vehicle within the tolerance limits with the help of signals in a dashboard

display. The solution created during the IndiOn project uses a conventional household network with a 

power output of 3.6 kilowatts. In other words, drivers can use even brief stops to recharge their vehicle’s

batteries. The system creates a magnetic field that covers an exactly defined area between the coils — an

area that is inaccessible to driver and passengers alike.

temperature sensors. As a result, the charging
current can be regulated in line with the bat-
tery’s temperature: The hotter the battery, the
lower the current. This approach strikes a good
balance between aging and charging speed.

Batteries and charging stations need to
speak the same “language” if they are to under-
stand one another. To ensure this is the case in
the showcase project, the systems use power-
line communication technology, in which data
piggy backs along charging cables. Using an
additional, high-frequency signal, a battery
can always tell the charging station how
strong a current it can tolerate. However, it’s
not always necessary to transmit as much en-
ergy as possible to a battery at the fastest pos-
sible rate. That’s because electric cars, like their
conventionally-powered counterparts, are sta-
tionary for 22 hours per day on average. In pri-
vate garages, the 3.6-kilowatt connection to
the household network will therefore continue
to dominate. Completely recharging a car at
home will thus take six to eight hours, depend-
ing on battery size. According to Dr. Dieter
Barnard, who is responsible for the lifecycle

management of charging infrastructures at
Siemens’ Infrastructure and Cities Sector,
charging stations at public parking places will
have a “medium-fast” 20-kilowatt speed and a
charging time of about one hour. 

Roaming Vehicle Charging. Due to their lim-
ited range, electric cars face a major challenge
when it comes to long-distance trips — partic-
ularly if the destination is abroad. Questions
that remain to be answered include whether a
car’s navigation system can reliably depict the
location of available charging stations, and
whether charging stations will be able to reli-
ably communicate with a vehicle’s battery.

A joint research project called Green eMo-
tion was launched in Europe to find answers to
these and other questions. With a budget of
€42 million, the initiative is one of the largest
electric mobility projects ever conducted. Like
the projects previously mentioned, Green
eMotion studies real-life mobility conditions on
the road. The project partners include ten
cities and regions in eight countries, ranging
from the Danish island of Bornholm to cities

such as Berlin, Dublin, Rome, and Malaga. A to-
tal of 2,000 electric vehicles are currently on
the road in the participating regions, and this
figure is scheduled to reach 70,000 by 2015,
when the project comes to a close. The num-
ber of charging stations is to increase from
2,500 to 80,000 during this period. 

The project is being coordinated by Dr.
Heike Barlag, a researcher from Siemens’ Infra-
structure and Cities Sector (see Pictures of the
Future, Spring 2011, p. 63). Her goal is to com-
bine various isolated solutions by harmonizing
the associated information. For example, the
standardization of data formats will enable
 organizers to provide services throughout -
Europe in a manner similar to the roaming
process used in mobile communications.
“Here, we’re talking about much more than
just charging and payment processes. These
are also possible using credit cards or cell
phones,” says Barlag. It’s more important to
ensure that a range-oriented route planning
service will work abroad and reliably guide
drivers to available charging stations at all
times. Where possible, electric cars should be
recharged whenever renewable sources of en-
ergy, such as solar and wind power are abun-
dantly available. This last requirement can only
be met with the help of a smart, interregional
system for managing battery charging.

Unlike charging infrastructures that are be-
ing extensively tested on the road, vehicle-to-
grid (V2G) technology is still limited to lab en-
vironments. Such systems enable power
suppliers to use the batteries inside electric ve-
hicles as buffers that store excess wind and so-
lar energy. This allows electricity that was pre-
viously used to charge vehicle batteries to be
fed back into the grid when required — a
process that enables car owners to earn
money. The vehicle-based and charging sys-
tems parts of this technology have been devel-
oped. What’s more, a solution has been found
to the frequently voiced concern that using
batteries in this way could cause them to age
prematurely. The trick is to feed the energy
back into grid in such a way that the battery’s
charge level doesn’t become too low and the
battery always operates within a specific tem-
perature range (generally between 30 and 40
degrees Celsius). When treated in this manner,
batteries lose only 20 percent of their capacity
after 3,000 to 4,000 complete charging cycles. 

Researchers are also striving to standardize
the communication protocols that inform net-
work operators of each car’s charge status. The
results are promising. However, many more
electric vehicles will have to hit the road before
“V2G” evolves into more than just an abbrevia-
tion on PowerPoint slides. And that’s where the
current projects come in. 

Johannes Winterhagen



evacuation of large buildings and sports arenas.
The DLR model simulated the speed at which
passengers typically board and exit from subway
cars and how they move inside the train when
looking for a seat. 

The simulation clearly showed that doors
1.40 meters wide were perfectly adequate and
that doors 1.60 meters in width would result in a
time saving of only a fraction of a second. Nar-
rower doors were not investigated, but experi-
ence shows that they increase passenger crush
and therefore platform times for trains. 

In this respect, seating configuration is a
more significant factor than door width. Lateral
seating, the traditional configuration, impedes
the flow of passengers and extends passenger
changeover times by quite a few seconds. In

other words, there is good reason behind the
growing trend on the part of light rail operators
to request a longitudinal configuration with the
seats mounted along the railcar walls. 

The mock-up in Vienna is unlikely to provide
the template for any order from a real customer.
Featuring stylish light-brown leather seats and
bronze-colored grab poles, it was specially de-
signed for a trade show in Dubai. The trains that
will be rolling in Munich’s subway network as of
2013, on the other hand, will feature Inspiro
components and their very own styling based on
the corporate design of the city’s urban transport
operator, Münchener Verkehrsbetriebe. Pictures
hanging in Werner Chmelar’s office show what
awaits passengers in Munich: a blue-and-white
color scheme for the interior, with large doors
and wide passageways to make travel faster and
more comfortable. Bernd Müller
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sengers know from which side of the train to
exit. While the doors are open, the light strips
shine green. They then change to red and the
strips of light start to descend like sand falling
through an hourglass. This tells passengers on
the platform how much time they have to board
the train. When the strips start to flash, it’s time
to stand clear of the doors. 

The light strips are much more than just a
design feature. As Chmelar rightly observes,
they offer a genuine benefit for passengers —
as do other aspects of the Inspiro concept. “No
other subway is quite so passenger-friendly,
without having any negative impact on the
overall look,” he says. Take the design of the
grab handles, for instance. Once these would
have been loops of leather or rubber; today, all

unless they were expressly requested by the
customer. However, without them railcar bod-
ies would tend to buckle at a crash speed of 15
kilometers per hour. To study the performance
of these elements, a number of crash tests
were conducted. A high-speed camera showed
how the corrugated ends of the absorbers
mesh and thereby prevent the front of the
train from rearing up. 

Intelligent design has also been applied to
the lighting concept, which utilizes low-energy
LEDs that change color. In the morning they
shine bright blue, which helps people wake
up; in the evening they change to a more sub-
dued, warmer light, which has a soothing ef-
fect. Such a concept exploits the findings of
lighting experts from Osram, who have

many people as possible, including people with
disabilities or special needs. Wegge and his team
have been advising Siemens engineers in this
field for a number of years now. In the spring of
2012 he and his colleague Markus Dubielzig
were in Vienna to give the Inspiro mock-up a
thorough going-over during a period of two
days. They examined and documented all the
passenger-relevant railcar components with re-
spect to their accessibility to people with various
disabilities. 

Wegge was very impressed with the concept
of the light strips on the doors, even though he
couldn’t see it in action and an acoustic counter-
part is still lacking. He also commended the fact
that there is plenty of room for guide dogs under
the seats. 

rapid transit trains have grab poles. The new In-
spiro takes this idea one step further. Here the
poles are in the form of stylized trees with
branches that fork upwards. They are the fruit of
a brainstorming session that was aimed at creat-
ing a symbol of sustainability that also has a
practical function. The branches are set at vari-
ous heights, thus providing handholds for peo-
ple of different heights. All in all, there is room
for dozens of hands. 

New Metro in Crash Test. In the unlikely
event of a collision, passengers are protected
by new box-shaped crash elements mounted
under the driver’s cabs. These crumple during
impact and can absorb the force generated at
crash speeds of up to 25 kilometers per hour
without any buckling of the coachwork. In the
past these crash elements were not installed

demonstrated that specific colors of light can
influence users’ moods — and save energy. In-
deed, the color of light even has an influence
on the sensation of temperature. Blue light, for
example, suggests cold, and red light warmth.
Incredibly, blue light on a hot summer day re-
duces the demand for air conditioning, and red
light in winter helps cut heating costs (see Pic-
tures of the Future, Fall 2010, p. 90). Indeed,
studies indicate that the color of light can influ-
ence the sensation of temperature by as much
as two degrees Celsius, which corresponds to an
energy saving of five percent. 

Klaus-Peter Wegge from Siemens Corporate
Technology in Paderborn has expertise in an-
other vital area. Being visually impaired, he’s
very much in demand as a specialist regarding
accessibility, i.e. ensuring that a product, service,
installation or environment is available to as

One area of criticism was the lack of grab
poles right next to the doors. In railcars with lon-
gitudinal seating the poles are set back by 60
centimeters from the doors, and in those with
lateral seating they are set back by 90 centime-
ters. “Our designers are now looking at ways to
improve this feature,” Wegge explains. The
Paderborn team also praised the wide doors,
which at a span of 1.40 meters, provide ample
room for wheelchairs, visually impaired passen-
gers accompanied by a sighted guide, and peo-
ple using walkers. But are they also wide enough
to allow faster boarding and exiting? 

In order to find out, designers at Siemens Mo-
bility in Vienna commissioned a computer simu-
lation. The German Aerospace Center (DLR) in
Braunschweig has extensive experience in the
use of mathematical models to calculate flows of
people. Such data is vital in planning for the

Left: Strips of colored LEDs mounted in doors 

fall like sand through an hourglass, indicating that

the train is about to leave. Below: A simulation of

passenger flow on a platform and in a railcar helped

to determine the optimal door width. 

Right: New box-shaped crash elements fold like an 

accordion during impact and absorb the impact of a

collision, thus preventing the coachwork from buck-

ling. Siemens engineers conducted crash tests to 

investigate their effectiveness.
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Technologies that Touch Lives

In Brief

Healthcare is undergoing radical changes

throughout the world. “Diseases of affluence”

such as diabetes and cancer are no longer just a

problem in industrialized countries; they also im-

pact developing nations and emerging markets.

This is leading to a steady increase in demand for

medical care — and its costs. Many countries will

have to reform their healthcare systems. Techno-

logical advances can help here — for example, 

by detecting diseases at an early stage. 

(pp. 82, 84, 86)

Many technologies have become an essential

part of everyday life. Be it weather forecasts,

hearing aids or cars, they help make life more

manageable. And such systems will be able to do

even more in the future. For example, thanks to

the SmartSenior project, intelligent information

and communication technologies could soon be

helping senior citizens to stay longer in their own

homes. Another project that addresses home life

is E-DeMa. In a practical test in Germany, this re-

search project is studying new ways of supplying

energy to private households. 

(pp. 80, 89, 94, 98)

Innovations need to be as user-friendly and

convenient as possible if they are to enjoy wide-

spread acceptance. That’s why Siemens’ new 

Inspiro subway system is tailored to the needs 

of passengers. Usability experts at Siemens are

also looking at the work routines of train conduc-

tors, doctors in hospitals, workers in factories,

and other professionals. The experts’ goal is to

design mobile applications that will help make

the work processes of a variety of professions 

as pleasant and efficient as possible. 

(pp.111,115) 

“Our modern means of communication need

to be improved. The problem is that humans are

still expected to adapt to technology. and not the

other way around, as it should be,” says Prof.

David Gelernter, who is developing a revolution-

ary concept for the Internet of the future. (p. 110)

New technology isn’t available to everyone. In

fact, many people even lack essential services

such as healthcare and water. Siemens is there-

fore supporting various projects around the

world, including programs in rural areas of

Cameroon and India. (p. 100, 102)
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Maximizing Efficiency

How can power generation be increased without the need for
new power plants and additional resources? How can a subway
system transport many more passengers without additional
subway lines — while simultaneously boosting comfort and
safety? And how can production plants significantly increase
their output without the need for larger facilities, while 
decreasing their demand for energy and raw materials?
Whether the issue is entire infrastructures or individual soft-
ware solutions, in order to avoid expensive new investments,
systems must be optimized and efficiency increased — even if
these improvements have to be made in an environment that is
extremely difficult to influence. Nonetheless, achieving success
in this area is worth the effort. Systematic optimization leads to
better production processes, lower costs, and, in many cases,
enhanced competitiveness in international markets.

Manufacturing and Innovation

Around the world, manufacturing is an engine of innovation.
It plays a major role in driving private sector research and 

development, as well as patent applications. Indeed, 
investments in manufacturing have been found to result in

“knowledge spillovers” that lead to enhanced productivity in a
wide range of areas, thus stimulating ecosystems of innova-

tion. Considering the essential role this sector plays in
economies around the world, the Spring 2013 issue of 

Pictures of the Future will take a look at the trends driving
manufacturing and where they are likely to take us over the

coming decades. How, for instance, will information technol-
ogy affect automation? What will be the role of renewable

energy in tomorrow’s manufacturing environments? Will we
see environmentally-benign manufacturing or even energy-
independent factories? What’s the future of rapid prototyp-

ing, and micro- and nano-scale manufacturing? And how will
such trends affect knowledge, wealth, competitiveness, and,

above all, innovation in the societies that lead these fields? 

Where Mobility is Going

More than 2,000 years ago, the Romans discovered that
transportation networks improve security, boost trade, and

enhance prosperity. Their revolutionary road network reached
a total length of about 80,000 kilometers and brought the

far-flung regions of Europe closer together. This principle is
still valid today. In addition to data and financial connections,
transportation is one of the key engines of globalization. The

steady growth of the world’s population will also cause a
tremendous increase in demand for mobility. How will our

traffic and transport systems change in the future, and what
consequences will this have for the world’s transportation

hubs? How will people and goods travel from A to B, within
large cities and across continents? What technologies will 

further improve our mobility and make it faster, safer, and
more efficient — on land, water, and in the air? These tech-

nologies range from new systems for railroads and highly 
efficient drive systems for vehicles to networked 

transportation systems and hydrogen-based mobility.
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