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New offshore wind farms (left) will provide a

wealth of clean power. High-voltage direct-cur-

rent transmission insures low-loss transmission

over long distances (picture shows a transformer).

Tomorrow’s Power Grids —  Getting Smarter and Safer

Intelligent network 
technology helps to 
integrate renewable 
energy sources such as
wind and solar power 
into the grid. It can also
smooth fluctuations in
supply and demand by 
using automatic network 
control processes and 
financial incentives.
Siemens is the leading 
developer of solutions 
for sustainable power 
networks.

I t’s a summer’s evening in 2016, half an hour
after the final of the European Soccer Cham-

pionship. A rapidly freshening westerly hits off-
shore wind farms in the North Sea and onshore
wind farms in Denmark, northern Germany,
and the UK, funneling twice as much as the ex-
pected 20,000 megawatts (MW) of power into
Europe’s interconnected network grid. This
huge input of power, which is equivalent to the
amount generated by 20 nuclear power plants,
takes operators completely by surprise. Within

2020 and to increase the share of renewable
resources in energy production from six per-
cent in 2005 to 20 percent by 2020. In other
words, the use of wind power is set to increase.
Moreover, if and when a new global agreement
on climate change comes into force, the emis-
sions reduction target for 2020 will increase to
30 percent. 

The installed capacity of German wind
farms is forecast to rise from today’s figure of
23 gigawatts to 50 gigawatts by 2030. In addi-
tion, progressive liberalization of the electricity
market will lead to widespread energy trading
throughout Europe and increasingly unpre-
dictable load flows. In 2007, a total of 1,273
terawatt-hours — two and a half times Ger-
many’s annual power requirements — were
traded at the EEX in Leipzig, Europe’s largest
energy exchange. And that figure is set to in-
crease in 2008.

Sustainable Power Networks. In response to
these challenges, the European Union has un-
veiled its smart grid concept, which is designed
to transform the current electricity network
into a sustainable power system, with a major
emphasis on protecting the atmosphere and
ensuring security of supply. In particular, the
grid must be capable of automatically regulat-
ing fluctuations in incoming power supply. This
will involve the use of devices to temporarily
store excess energy as well as flexible load con-
trol systems that activate or deactivate power-
hungry devices for a short time. Likewise,
blackout prevention systems such as Siemens’
Flexible AC Transmission System (FACTS) will
rapidly adjust voltages, buffer grid fluctuations,
control the flow of current, and increase the
transmission capacity of longer power lines.

“In the long term, the only way to ensure
trouble-free transmission of large amounts of
surplus electricity — from offshore wind farms,

Low transmission levels improve efficiency,
which benefits the environment. In China, for
instance, Siemens is currently building the
world’s most efficient HVDCT system. From
2010 onward, it will link hydroelectric power
plants in southern China with the country’s
coastal industrial centers 1,400 kilometers
away. Without the use of HVDCT, it would be
impossible to transmit the 5,000 MW of hydro-
electricity that the system is designed to carry
over such a distance. 

The system’s transmission efficiency is ex-
pected to cut CO2 emissions by around 30 mil-
lion tons per year. Furthermore, HVDCT acts as
a firewall, separating individual national grids
from one another and thus preventing a cas-
cade of blackouts.

A further development in this area is the in-
troduction of HVDC PLUS (High-Voltage Direct-
Current Power Link Universal System). Accord-
ing to Weinhold, a member of the project team
in this field, HVDC PLUS will enhance the sus-
tainability of integrated power systems be-
cause it allows for compact power converter
stations that can be installed on site and can
thus be used to link offshore wind farms and
oil rigs to the mainland. 

Superconducting Current Limiters. Modern
grid systems also require the use of power elec-
tronics with semiconductor components fea-
turing a large current-carrying capacity and a
high reverse voltage. “The circuit breakers have
to be able to switch large loads reliably and
deal with the very high currents that arise dur-
ing a short circuit,” says Dr. Roland Kircher from
the Power and Sensor Systems Division of
Siemens Corporate Technology (CT). To this
end, scientists at CT are using simulation pro-
grams and complex physical models to develop
components with new materials and contact
geometries. The aim is to ensure that the arc

a matter of seconds, there is a major overload,
chiefly impacting the high-voltage transmis-
sion lines and substations that form bottle-
necks between various countries in the Euro-
pean grid. The grid fails, at first locally, and
then throughout the entire network. Night falls
prematurely across all of Europe…

Experts have long feared such a scenario.
On November 4, 2006, a partial blackout
plunged half of Europe into darkness. What’s
more, the planned construction of large wind

parks in coming years, especially in the North
Sea, will mean that almost 40-year-old net-
works will have to cope with huge power
surges during storms. Then the only way to
avoid major grid failure will be to rapidly ramp
down output at conventional power plants.

“Europe’s interconnected grid needs to be-
come smarter so it can handle surges in power
caused mainly by the fluctuations associated
with wind and solar energy,” explains Dr.
Michael Weinhold, Chief Technology Officer at

the Siemens Energy Sector. “We have to make
power transmission failsafe between the vari-
ous control zones within the German and Euro-
pean grids even when they are operating at
higher loads.”

Time is running short, however, not least
because of a package of proposals to fight cli-
mate change presented by the European Com-
mission on January 23, 2008. The proposals
are designed to cut greenhouse gases emis-
sions by least 20 percent relative to 1990 by

for example — is to enhance the extra-high
voltage system,” predicts Dr. Wolfgang Woyke,
a grid expert at power company E.ON. “One so-
lution here is to exploit high-voltage direct-cur-
rent transmission (HVDCT).” This can be used
to transport large amounts of electricity at low
losses over distances of more than 1,000 kilo-
meters. Siemens is a leader in the development
of HVDCT technology and is involved in major
projects in this area around the world (Pictures
of the Future, Spring 2006, p. 20). 

produced during switching is rapidly extin-
guished, thus protecting the device in ques-
tion.

“In the future, superconducting current lim-
iters could provide an alternative to conven-
tional switches,” says Kircher. “These compo-
nents have practically no electrical resistance at
temperatures of around minus 196 degrees
Celsius.” But if the current in the grid rises
above a particular critical value, the response is
immediate and the current limiter’s resistance
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| UN Certificates By trading in their old incandescent bulb for a 

modern energy-saving light source, the Radheyshyam

family will save about €55 on electricity over ten

years and help preserve the environment.

India’s New Light

In India, Osram is offering free energy-saving lamps in 
exchange for energy-hungry incandescent bulbs. In 
doing so, it has become the first lighting manufacturer to 
participate in the UN’s Clean Development Mechanism.

protect the environment.” A maximum of two
bulbs will be exchanged in each household, so
that better-off Indians will have no advantage
over poorer ones. Osram is collecting the old
bulbs and recycling them in an environmental-
ly compatible manner. “Our methodology is de-
signed to ensure that the old bulbs aren’t used
any more,” says Bronger. In addition, specially
developed measuring instruments will be in-
stalled in 200 households to record average
daily use of the lamps for the UN. The data will
be documented in regular reports. The German
Technical Supervision Association (TÜV) will
verify the details, which will be sent to the UN.

Ideal for Emerging Markets. The top part of
each lamp is manufactured in Germany, while
the bottom part, with its complex electronics,
is made in Italy. The lamps are assembled in In-
dia. Ultimately, the international division of
work makes no difference in the product. The
Dulux EL Longlife, one of Osram’s most innova-
tive lamps, is ideal for use in emerging markets.

The Radheyshyam family, from the Indian
city of Visakhapatnam, has no extravagant

designer lamp shade. Even so, it has a special
lamp that is so innovative that you won’t find it
everywhere in Europe yet. It’s Osram’s Dulux EL
Longlife energy-saving lamp. Together with
partner RWE, Osram started offering 700,000
of these lamps to India’s households in April
2008 as part of the United Nations’ ”Clean De-
velopment Mechanism” (CDM). In comparison
with conventional incandescent bulbs the new
lamps consume 80 percent less electricity. 

“The idea is to reduce carbon dioxide emis-
sions in developing and emerging markets sub-
stantially with the most modern lighting tech-
nology — for the benefit of everyone,” says
Project Manager Boris Bronger, of Osram. This
is a win-win situation. On the one hand, partic-
ipating households benefit. They get the
newest technology almost as a gift — the Rad-
heyshyam family paid no more for the energy-
saving lamp than for a conventional bulb, but
thanks to the lamp’s reduced power consump-
tion, it saves them cash every month. 

On the other hand, power supplies are im-
proved because there are fewer demand peaks,
which in turn reduces power failures in the
somewhat unstable Indian power supply net-
work. In addition, the project will help the envi-
ronment. Specifically, the new lamps will cut
CO2 emissions by around 400,000 tons over
ten years as compared with use of their con-
ventional counterparts. And Osram itself will
receive emission certificates from the UN,
which it can resell freely to refinance the proj-
ect. Osram is confident, despite the high initial
investment of the project, that a new business
model can be created in this way. 

The pilot region for the exchange of bulbs is
the Federal State of Andhra Pradesh on India’s
east coast. “The response to the information
events that Osram mounted in cooperation
with the local power supply company was very
positive,” says Bronger. “Residents are happy
that they are not only saving power and money
with the new technology but also helping to

How Much CO2 Does a Lamp Save?

The UN’s Clean Development Mechanism (CDM) was enshrined in the Kyoto Protocol. Its calcula-

tions are based on how much greenhouse gas a region would produce if everything were to continue

as it has up to now. How much of this could be avoided using energy-saving lamps is then calculated.

The savings actually realized must be verified by independent organizations accredited by the UN — for

example by Germany’s TÜV. This is a complex process. Osram submitted its methodology in 2004, and

it was approved in 2007. Since April 2008, Osram has been the first lighting manufacturer anywhere

to replace incandescent bulbs with energy-saving lamps in accordance with this concept. The first port

of call is India, but future plans include other countries, principally in Africa and Asia. To calculate the

amount of CO2 saved, a random survey of Dulux EL Longlife lamps’ lifelong electricity use is conducted.

Osram experts estimate that the lamp will save roughly one megawatt-hour (MWh) of electricity dur-

ing its service life. In India, because of the large number of coal-fired power plants, CO2 emissions per

MWh vary according to region between 0.85 and 1.0 tons (the global average of all power plants is

0.575 tons). In countries such as Brazil, which rely heavily on hydro-electric power, the CO2-saving ef-

fect would be considerably less — which is why not all countries are suitable for such CDM projects.

For each ton of CO2 saved, Osram receives an emission certificate from the UN. Since these certificates

can be traded freely, the price they can command is variable. Schwarzfischer / Lackerschmid

It can be switched on and off countless times,
and can handle power failures. What’s more, its
mercury content is extremely low, which is an
advantage for the environment.

For all the complicated organization in-
volved in the campaign, the Radheyshyams do
not have to concern themselves with the
process. While watching the new energy-sav-
ing lamp being installed, the father merely has
to sign a form, which he also marks with a
cross to indicate which lamp was replaced. In
the next ten years, he’s unlikely to have to buy
a new lamp, and will save money in the bar-
gain. Given that a kilowatt-hour of electricity
costs around 5.5 euro cents in India and that a
single lamp will save up to a megawatt-hour
over ten years, the family’s electricity bill will be
cut by €55. “For the lamp itself the users pay a
small symbolic amount, so they get the feeling
that they have invested in progress,” says
Bronger. The Radheyshyams pay 25 euro-cents
for the Dulux EL Longlife. Even in India, that’s a
bargain. Daniel Schwarzfischer

The Future of Power Networks

In a study entitled Electric Power Transmission and Distribution: The Backbone of a Sustainable

Energy System, the Siemens Energy Sector has taken a detailed look at the social, technological, and

consumer-driven developments that will shape the markets for power transmission and distribution

over the next 15 to 20 years. In addition to projecting the impact of global trends such as climate pro-

tection, diminishing resources, and growing urbanization, the researchers also predict the advent of

more efficient power transmission technology.

The study employed the “Pictures of the Future” methodology used by Siemens for strategic planning.

Specifically, experts from Energy Transmission and Distribution as well as Corporate Technology con-

ducted over 100 interviews with external specialists and identified new market trends and key tech-

nologies, whose impact on regional markets was subsequently investigated. On this basis, they came

up with detailed scenarios for various fields, which were developed into new business ideas.

The study determined that grid optimization will be driven by three overriding objectives: sustainabili-

ty, security of supply, and efficiency. For the period until 2020, researchers forecast a growing propor-

tion of decentralized generation, with more and more electricity being produced either by small power

plants serving individual towns and communities or by buildings fitted with generating systems such

as photovoltaic panels. Similarly, an increasing share of our electricity will come from CO2-free energy

resources. And thanks to the use of intelligent network technology, it will be possible to feed power

generated by decentralized renewable energy sources into existing networks and to transmit the elec-

tricity from remote power plants such as offshore wind farms to major centers of consumption with

minimal transmission losses. High voltage direct current transmission technology will be used to

connect power plants into large generating networks. Likewise, so-called microgrids will link smaller

municipal power plants to the grid, and generating facilities of varying sizes will join forces to function

as a virtual power plant. 

Additional trends include increased use of IC technology, featuring a mix of sensors and sophisticated

data-processing systems to measure, monitor, manage, and enhance power generation, transmission,

and consumption. Energy storage systems will also play a major role in guaranteeing a secure supply.

At the same time, the development of enhanced power electronics and new materials will do much to

increase the efficiency of power transmission and distribution — an area in which the use of environ-

mentally compatible products and solutions is increasingly becoming the rule.

52 Pictures of the Future | Spring 2008

Energy for Everyone | Power Transmission

rockets in less than a millisecond, thus limiting
the current and minimizing the risk of a black-
out. Following such an event, the current lim-
iter returns to a superconducting state and is
again fully functional. In 2007, CT successfully
tested a self-reactivating high-breaking-capaci-
ty fuse, which used these types of supercon-
ductors and was rated for currents of up to 300
amps and voltages of up to 7,500 volts.

Storing Power in Cars. Innovative approach-
es like this will soon be in demand. After all,
the pressure on the power grid could rise fur-
ther due to measures designed to promote the
use of battery-powered cars equipped with ei-

ther a plug-in hybrid drive system or an electric
motor (see p. 22). Such vehicles not only draw
power from the grid but could also feed it back
in. It would therefore be possible to use the
batteries of such cars to buffer power generat-

In the future, electric and hybrid cars could serve
as a gigantic battery to store surplus electricity. 

ed by wind farms. There is huge potential here.
If the 45 million cars currently on German
roads were all hybrids, the maximum com-
bined charging capacity would be around 270
GW. That’s enough to temporarily store surplus
electricity from the grid, which could then be
released when required. What’s more, the sys-
tem could be controlled by state-of-the-art
power electronics. This would create millions
of “prosumers” — producers and consumers of
electricity, who would feed power into the grid
and also use it economically.

Intelligent Grid Infrastructure. Naturally,
such a constellation will require development
of flexible billing rates as a means of influenc-
ing energy consumption — and thus making it
easier to control power movements in the grid.
In other words, electricity will be cheap during
times of surplus generation and more expen-
sive when supplies are stretched. 

This will allow attentive customers to tailor
their consumption accordingly and save mon-
ey. “We need an intelligent grid infrastructure
featuring information and communications
technology that is capable of remotely control-
ling energy-hungry devices such as refrigera-
tors and washing machines,” says E.ON grid ex-
pert Woyke. An integral part of an intelligent
network concept will be the use of financial in-
centives, involving so-called smart meters
equipped with communications capability. 

“In the future, we will be able to send a mes-
sage to consumers saying, for example, that
power currently costs only five cents a unit.
This will enable customers to adjust their elec-
tricity consumption correspondingly,” says
Frank Borchardt, head of Smart Metering at
E.ON Energie. “We might even see intelligent
home automation systems that switch on ap-
pliances when the price of power falls below a
certain level. That way, consumption can be
spread more evenly around the clock and pow-
er grids used much more efficiently.” Siemens
has already fitted 1,000 households in Austria
with smart meters (see p. 82), and according to
current plans, hundreds of thousands should
follow over the next few years.

Harald Hassenmüller


