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REVIEWS - LETTERS - REPORTS

WIND ENERGY

Štefan Marko
∗

— Ivan Darul’a
∗∗

Wind power is the most rapidly growing source of renewable energy in the world today with annual growth rates of more

than 25 per cent.
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1 WIND ENERGY ––– ITS IMPORTANCE

IN THE PAST AND TODAY

Probably the first mention of a windmill with a hori-
zontal axis is to be found in a French deed of gift dated
around 1180. The mill was situated in Montmartin in
western France. The classical windmill with a horizontal
axis was not adopted by cultures outside Europe. In their
perfect form, the large, high-powered Dutch windmills,
developing up to 35 kW (Fig. 1), were mainly confined to
the North Sea and Baltic areas, and to the countries colo-
nized from these territories, eg North America, Australia,
and South Africa.

Fig. 1. Dutch windmills, developing up to 35 kW

Right up the beginning of modern times watermills
and windmills were the only large machines in widespread
use. A large number of mechanical elements were invented
in the course of mill building, or tested and perfected to
such an extent that they served as a spring board for
the rapidly expanding mechanical engineering industry

of the l9th century. In contrast to watermills, windmills
are characterized particularly by additional installations
for ganging and disengaging very variable energy. Typical
of these are regulators to adapt the vane surfaces via
flaps or to reef the sails, automatic wind-tracking systems
using smaller lateral wind wheels, and powerful servo-
assisted brakes which could stop the mill automatically
when actuated.

2 DEMANDS MODE ON

WIND ENERGY USE TODAY

The continuing development of windmills up to mod-
ern turbines was interrupted with the rise of steam and
other engines.

Combined operation with another source of electric-
ity demands considerable expenditure on controls for the
plant. According to the type of combined operation, fre-
quency, voltage and output or several parameters have to
be maintained at exactly the same level and limited at the
same time. For this the plant must adapt the power con-
sumption to the constantly and rapidly changing energy
supplied by the wind by means of blade pitch adjustment
or spoilers, in order to achieved a satisfactory use of the
available energy and prevent mechanical damage, eg from
ever speeding.

Energy supply companies must “think big” in order to
be economical which gives rise to demands which in turn
leads to a particular type of plant.

Individual plants should, taking into account expendi-
ture on maintenance and specific construction costs, be as
large as possible. A hundred or more appropriately con-
trollable plants must be able to be connected together to
form power stations.

The wind farm must be able to function as an indepen-
dent power station when the wind blows and also supply
current of comparable quality (reactive power, harmonics,
frequencies etc).
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In addition to electricity production with large wind

energy plants in combination with the national grid, there

is a good chance that small and medium-sized plants will

prove economic for the private consumer, too.

3 A NEW SYSTEM FOR LARGE –

SCALE WIND POWER PRODUCTION

ABB is entering the large scale wind power field.

Windformer is an integrated system for off shore based

wind power generation and transmission of electricity to

the high voltage grid. Windformer (Fig. 2) boosts the pro-

duction of electrical energy by up to 20 percent compared

with a corresponding conventional system.

Fig. 2. Windformer boosts the production of electrical energy by up
to 20 percent compared with a corresponding conventional system.

The technology makes it possible to build offshore

wind farms with capacities ranging from 6 to more than

300 MW, which corresponds to the capacity of a medium-

sized fossil fuelled power plant. Windformer is based

on the cable technology originally developed for ABB’s

high-voltage generator Powerformer. This new technol-

ogy, which is protected by several patent applications,

makes it possible to cave out a number of components

that are normally to be found in conventional wind power

systems. The result is a wind generator that does not need

a gear box or transformer (Fig. 3)

The Windformer concept is a complete system.
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Fig. 3. A wind generator that does not need a gear box or trans-
former.

The Windformer system offers several environmen-

tal benefits compared with conventional wind farms. A

smaller number of Windformer mills have to be built to

achieve the some energy production as today’s wind tur-

bines with similar capacity. Furthermore, offshore wind

farms have the advantage that the wind conditions at sea

are more favourable and that they can be built out of

sight and nearing from land (Fig. 4).

Wind power, which is a fully renewable source of en-

ergy, is the most rapidly growing source for power pro-

duction in the world, and its growth rate is exceeding all

expectations. The installed worldwide capacity has risen

from practically speaking zero in 1990 to fully 13.4 GW

today, which corresponds to more than 20 large fossil-fired

power plants.

4 THE WORLD’S FIRST

WINDFORMER PLANT

The plant has been named Nasudden III and is a

project where ABB, Vattenfall and the Swedish National

Energy Administration are cooperating. The National

Energy Administration is the public authority responsible

for energy issues in Sweden and has been given an assign-

ment by the Swedish Parliament and the government to

develop the country’s energy systems.

This assignment includes increasing the share of elec-

tricity generated with renewable and, preferably, domes-

tic sources of energy. Wind power consequently plays an

important role here. Vattenfall is one of the largest utili-

ties in the Nordic region. As early as the beginning of the

1980s Vattenfall built the Nasudden I wind turbine with

a capacity of 2 MW. Ten years later, this was replaced by

Nasudden II with a 3 MW unit and now Nasudden III is

coming — the third generation large wind turbine, based

on the Windformer concept.

General facts — Nasudden III on the island of Got-

land, Sweden.

Rated capacity: 3 MW, achieved at a wind speed of

13 m/s. Wind speed range: 5–28 m/s. Estimated annual

production: 8.2 GWh, based on an average annual wind

speed of 8.1 m/s. Height of tower: 70 meters. Rotor di-

ameter: 90 meters.

Windformer 3.5 MW mill achieves its capacity at a

wind speed of 13 m/s. The unit can operate within the

wind speed range 5–28 m/s (Fig. 5). The generator in

Windformer (Fig. 6) equipped with a permanent-magnet

rotor is coupled directly to the turbine and operates at a

variable speed. A passive diode rectifier converts the low-

frequency alternating current to direct current, which is

transmitted via cables to a land based converter station;

the direct current is converted back to alternating current

for feeding to the high-voltage grid.
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Fig. 4. Offshore wind farms have the advantage of favourable

wind conditions at the sea.

Fig. 5. Windformer 3.5 MW mill achieves its capacity at a wind

speed of 13 m/s
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Fig. 6. The generator in Windformer equipped with a permanent-

magnet rotor operates at a variable speed.

5 CONCLUSION

Windformer is an integrated system for offshore based

wind power generation and transmission of electricity to

the high-voltage grid. Windformer offer many benefits

compared with traditional wind power technology. This

is achieved with the variable speed, the absence of the

gearbox, the reduced electrical losses and by the increased

availability, which is a consequence of the simplicity of the

new system.

Fewer Windformer mills have to be built to achieve the

same energy production as that offered by today in wind

turbines. Problems with oil-filled gearboxes and trans-

formers disappear.

Windformer contains fewer components and its design

is simpler, which consequently radically reduces the op-

eration and maintenance costs.
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