
In Brief 

Materials research is undergoing a revolu-

tion. Nanotechnology is opening the door to 

a host of innovative materials with completely

new properties. (p. 47)

New materials make it possible to generate,

transmit and use energy more efficiently. 

Special coatings protect the blades in gas and

steam turbines against heat and corrosion.

This enables higher operating temperatures

and thus higher efficiencies. Fuel consump-

tion and environmental impact are both cut 

as a result. The goal is to introduce combined 

cycle power plants in 2011 that will use 

more than 60 percent of the energy in gas.

The world’s most powerful gas turbine, 

which will start test operation in Irsching, 

Germany, this year, will produce enough 

electricity to power the households in a city

the size of Hamburg. (pp. 50, 54)

In the lighting sector, the focus is also on

further cutting power consumption, eliminat-

ing pollutants, and increasing lamps’ service

life. Mercury-free LEDs are particularly envi-

ronmentally friendly, consume little electric-

ity, and last up to 50 times longer than incan-

descent lamps. (p. 63)

Siemens is the world’s leading supplier of

offshore wind power systems. In 2008, the

company will install the world’s largest such

wind farm off England’s east coast. The 

facility will supply up to 180 megawatts of 

environmentally-friendly electricity from 54

turbines. Siemens’ one-piece rotor blades are

extremely robust and up to 90-percent recy-

clable. (p. 60)

Advanced technology can cut energy con-

sumption by planes, ships, cars, and trains.

Siemens continuously improves vehicles by 

using lightweight engineering, better drive

systems, and, in many cases, new materials.

Improved energy storage systems also make

regenerative braking an increasingly attractive

option. (pp. 70, 74)

Bioplastics from bacteria should also make

electronic products more environmentally

compatible in the future. (p. 58)
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Piggybanks for Power
Whether at base or peak load, high-performance energy
storage devices and smart energy management 
systems guarantee optimal power supplies in vehicles.
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applications, as power supply networks are
constantly subject to load variations to which
heavy turbines cannot react quickly enough.
Power utilities could use flexible energy stores
such as supercaps to balance out load peaks
and troughs. 

“In ten years, vehicles with these new stor-
age systems might be as commonplace as to-
day’s vehicles with their trusty lead-acid batter-
ies,” says Dr. Manfred Waidhas, project head for
Electrochemical Energy Storage at Siemens
Corporate Technology. Mild or start-stop hybrid
vehicles can get by with the limited energy
density of the supercaps. 

“Ensuring a supply of electrical energy is be-
coming increasingly important,” says Horst
Gering, head of the Battery and Energy Man-
agement department at Siemens VDO. “This is
especially true where safety is concerned, for
example, with electric braking or steering.” In
such systems, it is necessary to constantly
monitor the state of the energy store. With this
in mind, Siemens has developed BMS (Battery
Monitoring System). Here, using supercaps, in-
ternal resistance and capacitance are deter-
mined in order to evaluate how much current
the energy store can provide for specific tasks.
Where accumulators are involved, sensors can
also determine battery aging and charge state.
The energy management system then deter-
mines when the store needs to be charged so
that it always remains within optimal working
parameters — and how much current can be
made available to which devices. After all, in
some cases, there may not be sufficient power
available if many devices are active simultane-
ously. Siemens has christened the algorithm
for this process “Power Trader.” 

“It’s like having a virtual stock market regu-
lating energy use,” says Gering. “Power Trader
calculates the supply — in this case, the
amount of energy available from the generator
— and sets an electricity price according to de-
mand. If demand rises, so does the price.
Safety-relevant systems such as electric brakes
are set so that no price is too expensive. Com-
fort systems, on the other hand, purchase less
power until the price has come down to a given
level. In extreme cases, they will even switch
off.” Bernhard Gerl

Double layer capacitors called supercaps (right) are

being used in streetcars such as the Combino Plus

(below). The devices release stored braking energy

quickly when the vehicle accelerates.

If electrical energy is to be optimally used, it
needs to be temporarily stored. And that’s

the case whether we’re talking about cars,
buses, streetcars, subway systems or power
distribution networks. In road vehicles, elec-
tronic components are taking over more and
more functions, partly as driver assistance sys-
tems, and partly to save energy — particularly
in hybrid vehicles that combine an electric mo-
tor with a combustion engine. The electric mo-
tor serves as either a fully fledged second drive
(in a full hybrid), as an auxiliary drive to provide
a boost when starting and passing (in a mild
hybrid), or as an assistant when the vehicle has

Chemical or Electrostatic Storage?

Accumulators such as lead-acid, nickel-metal hydride and lithium-ion batteries have a service life of

between three and ten years, on average. They function on electrochemical principles. Charging the

battery converts electrical energy into chemical energy. When an electrical device is connected, chemi-

cal energy is converted back into electrical energy. Energy stores such as double layer capacitors, in

contrast, store energy electrostatically. They last almost indefinitely and exhibit high power densities.

However, their energy densities are low. For this reason, their primary use is to cover peak loads such 

as engine starts or acceleration in hybrid applications.

Battery type Energy density Wh/kg Power density W/kg Service life in cycles / years

Lead-acid battery 30 – 50 150 – 300 300 –1,000 / 3 – 5

Nickel-metal hydride battery 60 – 80 200 – 300 >1,000 / >5

Lithium-ion battery 90 – 150 500 – >2,000 >2,000 / 5 – 10

Supercaps (double layer capac.) 3 – 5 2,000 – 10,000 1,000,000 / unlimited

to stop and restart frequently (in the start-stop
hybrid). 

To meet the needs of a growing number of
functions, vehicles needs a high-performance
energy storage device. Batteries, however, are
heavy and their energy density is low. One kilo-
gram of diesel contains 10,000 watt-hours
(Wh), while a lead-acid accumulator manages
just 30 to 50 Wh/kg. Batteries’ power density is
low too, reaching a maximum of 300 W/kg. For
an electric car to accelerate as rapidly as a 90
kW gasoline-engine vehicle, it would need a
300-kilogram lead-acid battery in the trunk.
That’s why most of today’s hybrid vehicles em-

ploy nickel-metal hydride batteries with a ca-
pacity of 60 to 80 Wh/kg. Lithium-ion or
lithium-polymer batteries are even more pow-
erful, with 90 to 150 Wh/kg. Alongside storage
capacity, the service life of an accumulator is
also limited. A lead-acid battery is good for a
maximum of around 1,000 charge-discharge
cycles. Nickel-metal hydride or lithium-ion bat-
teries last considerably longer. 

Accumulators must be charged slowly to
avoid damage. But vehicles, in particular, are
associated with many applications that need a
fast charging capability — for example, when
braking energy is harnessed in cars or street-
cars. With this in mind, Siemens is promoting
the use of double layer capacitors, or so-called
supercaps — devices that store electrical en-
ergy by separating the charges as soon as a
voltage is applied. Supercaps offer capacitances
of 300 to 10,000 farads. Charge separation
takes place at the boundary layer between a
solid body and a liquid. High capacitances are
achieved by ensuring that the charges are sep-
arated by a distance of only atomic dimen-
sions, and by the use of porous graphite elec-
trodes with a large specific surface area. 

Supercaps have low energy densities —
three to five Wh/kg — but extremely high
power densities of 2,000 to 10,000 W/kg. They
can be charged within a few seconds, and at a
million or so charge-discharge cycles, their
service life is extremely long. This is due to the
fact that the charge separation processes oc-
curring within them are purely physical in na-
ture. They can take up and release large quanti-
ties of energy extremely quickly. This makes it
possible to use an electric motor in a hybrid ve-
hicle, streetcar, or locomotive as a generator
that recovers braking energy. This regenerated
energy is stored in supercaps and re-used when
the vehicle accelerates again. The resulting ad-
vantage is fuel and energy savings of between
five and 25 percent, depending on the driving
cycle. The capacitor packs can either be carried
in the vehicle itself or permanently built into
segments of subway lines. 

Such a setup has already been tested in sev-
eral subway systems — for example, in Madrid,
Cologne, Dresden, Bochum and Beijing. Super-
caps could also be used in energy distribution
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