
Facts

Wind energy is one of the most
promising energy technologies for
today, for the 21st century, and be-
yond.

Here are some short answers to
frequently asked questions about
wind energy:

WIND ENERGY IS CLEAN

Wind turbines emit no pollutants.
A modern 600 kW wind tur-

bine in an average location will
annually displace 1,200 tonnes of
carbon dioxide from other electric-
ity sources, i.e. usually coal fired
power stations.

The energy produced by a wind
turbine throughout its 20 year life-
time (in an average location) is
eighty times larger than the
amount of energy used to build,
maintain, operate, dismantle, and
scrapping it again.

In other words, on average it
takes only two to three months for
a wind turbine to recover all the
energy required to build and oper-
ate it.

WIND ENERGY IS ABUNDANT

The energy in the wind is a truly
sustainable resource. Wind will
not run out.

Already, wind energy is cover-
ing 7 per cent of Danish electricity
consumption, a figure which will
increase to at least 10 per cent by

WHY WIND ENERGY?
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2005.
The wind resources above the

shallow waters in the seas around
Europe could theoretically provide
all of Europe’s electricity supplies
several times over.

WIND ENERGY MAKES A
DIFFERENCE

Wind Turbines have grown dra-
matically in size and power output.

A typical Danish wind turbine
of 1980 vintage had a 26 kW gen-
erator and a rotor diameter of 10.5
metres.

A modern wind turbine has a
rotor diameter of 43 metres and a
600 kW generator. It will produce
between 1 and 2 million kilowatt
hours in a year.

This is equivalent to the an-
nual electricity consumption of
300 to 500 European households.

The latest generation of wind
turbines has a 1,000-1,500 kW
generator and a 50-64 metre rotor
diameter.

Europe’s largest wind park in
Carno, Wales produces the equiva-
lent of the electricity consumption
of 20,000 homes.

In Europe more than 3,000
megawatts of wind power is on-
line as of 1997, covering the aver-
age domestic electricity consump-
tion of five million people.

FREQUENTLY ASKED
QUESTIONS ABOUT  WIND
ENERGY:

Can a wind turbine ever recover the
energy spent manufacturing it?

Are land resources large enough to
provide space for wind turbines?

Can wind energy ever be more than a
marginal source of electricity?

Are wind turbines just old windmills
converted to a modern design?

Is wind energy cheap or expensive?

What are the most economic
applications?

Can wind turbines be used economically
in inland areas, or located on the sea?

Is wind energy safe?

Is it reliable?

Can wind turbines fit into the landscape?

What are the siting problems?

Are wind turbines noisy?

Does wind energy affect birds and
wildlife?

How can varying output from wind
energy be used in the electrical grid?

Will wind energy work on a small scale?

Can wind energy be used in developing
countries?

Does wind energy create jobs?

What is its popularity in countries which
have many wind turbines?

What is the wind energy market like?

Why are Danish wind turbines well
known around the world?
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WIND ENERGY IS AN

ADVANCING TECHNOLOGY

Technological advances in
aerodynamics, structural dy-
namics and meteorology have
contributed to a 5 per cent an-
nual increase in the energy
yield per square metre turbine
rotor area (as recorded in Den-
mark between 1980 and 1995).

In Denmark alone, more than
60 researchers are permanently
employed by the Risø National
Research Laboratory, which is
rapidly advancing the knowl-
edge of global wind conditions
and wind turbine technology.

The weight of Danish wind
turbines per kW installed
power has halved in 5 years,
the sound level has halved in 3
years, and the annual energy
output per turbine has in-
creased 100-fold in 15 years.

R&D studies in Europe and
the US point to a further fall in
energy costs from wind of some
10 to 20 per cent around 2005.

WIND ENERGY IS INEXPENSIVE

Wind energy has become the
least expensive renewable en-
ergy technology in existence.

Today, according to the
Danish electrical power compa-
nies, the energy cost per kilo-
watt-hour of electricity from
wind is the same as for new
coal-fired power stations fitted
with smoke scrubbing equip-
ment, i.e. around 0.05 USD per
kWh for an average European
site.

WIND ENERGY IS SAFE

Wind energy leaves no harmful
emissions or residue in the en-
vironment.

Wind Energy has a proven
safety record. Fatal accidents in
the wind industry have been re-

bines and wind parks can give
interesting perspectives and fur-
nish the landscape with new ar-
chitectural values.

Wind turbines have been a
feature of the cultural land-
scape of Europe for more than
800 years.

WIND PROJECTS MINIMIZE

ECOLOGICAL IMPACT

Manufacturers and wind farm
developers have by now sub-
stantial experience in minimis-
ing the ecological impact of
construction work in sensitive
areas such as moors, or when
building wind farms in offshore
locations.

Restoring the surrounding
landscape to its original state
after construction has become a
routine task for developers.

After the useful life of a
wind farm has elapsed, founda-
tions can be reused or removed
completely. The scrap value of
a wind turbine can normally
cover the costs of restoring its
site to its initial state.

WIND TURBINES WHISPER

QUIETLY, NOW

Noise is no longer a major
problem with advanced wind
turbine technology.

Modern turbines have far
better aerodynamic and me-
chanical engineering than de-
signs from 10 or 15 years ago,
and two-speed generators with
slow moving rotors at low wind
speeds have done away with
the problem of noise at low
wind speeds.

At distances above 200 me-
tres, the swishing sound of rotor
blades is usually masked com-
pletely by wind noise in the
leaves of trees or shrubs.

The perception of noise is
interestingly an extremely sub-

lated to construction and main-
tenance work only.

WIND ENERGY IS RELIABLE

High quality modern wind tur-
bines have an availability factor
above 98 per cent, i.e. the tur-
bines are on average opera-
tional and ready to run during
some 99 per cent of the hours
of the year. This availablity fac-
tor is beyond any other elec-
tricity generating technology.

Modern wind turbines only
require a maintenance check
every six months.

WIND ENERGY USES LAND

RESOURCES SPARINGLY

Wind turbines and access roads
occupy less than one per cent
of the area in a typical wind
park. The remaining 99 per
cent of the land can be used for
farming or grazing, as usual.

Whereas a wind turbine uses
36 square metres, or 0.0036
hectares to produce between
1.2 and 1.8 million kilowatt
hours per year, a typical biofuel
plant would require 154 hec-
tares of willow forest to produce
1.3 million kilowatt hours per
year. Solar cells would require
an area of 1.4 hectares to pro-
duce the same amount of elec-
tricity.

WIND ENERGY CAN AND MUST

RESPECT LANDSCAPE VALUES

Wind turbines obviously have
to be highly visible, since they
must be located in windy, open
terrain to be economic.

Better design, careful choice
of paint colours – and careful
visualisation studies before sit-
ing is decided – can improve
the visual impact of wind farms
dramatically.

Like other man-made struc-
tures, well designed wind tur-
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jective phenomenon, and it de-
pends to a large extent on the
attitude of the listener:

A Danish scientific survey
shows that people who find the
sight of wind turbines un-
pleasant, also perceive that tur-
bines are noisy, regardless of the
actual sound level.

WIND TURBINES COEXIST

PEACEFULLY WITH WILDLIFE

Deer and cattle habitually graze
under wind turbines, and sheep
seek shelter around them.

While birds tend to collide
with man-made structures such
as electrical power lines, masts,
or buildings, they are very
rarely affected directly by wind
turbines.

A recent Danish study sug-
gests that the impact of over-
head power lines leading elec-
tricity away from wind farms
have far greater impact on bird
mortality than the wind farms
themselves.

Falcons are in fact nesting
and breeding in cages attached
to two Danish wind turbines!

Studies from the Nether-
lands, Denmark, and the US
show that the total impact on
birds from wind farms is negli-
gible compared to the impact
from road traffic.

WIND TURBINES REQUIRE

CAREFUL SITING

The energy content of the wind
varies with the cube, (i.e. the
third power) of the wind speed.
Twice as much wind yields eight
times as much energy.

Manufacturers and wind
farm developers therefore take
extreme care in siting wind tur-
bines in as windy areas as possi-
ble.

The roughness of the terrain,
i.e. the terrain surface, its con-
tours, and even the presence of

buildings, trees, plants and
bushes affect the local wind
speed.

Very rough terrain or nearby
large obstacles may create tur-
bulence which may decrease en-
ergy production and increase
tear and wear on the turbines.

Calculating the annual en-
ergy production from a wind
turbine is quite a complex task:
It requires detailed maps of the
area (up to three kilometres in
the prevailing wind directions),
and accurate meteorological
wind measurements for at least
a one year period.

Qualified advice from expe-
rienced manufacturers or con-
sulting firms is therefore essen-
tial for the economic success of
a wind project.

WIND TURBINES CAN BE QUITE

ECONOMIC IN INLAND AREAS

Although wind conditions near
seashores tend to be ideal for
wind projects, it is indeed possi-
ble to find highly economic in-
land areas for wind turbines.

As the wind passes over a
hill, or through a mountain
pass, it becomes compressed
and speeds up significantly.

Rounded hilltops with a
wide view in the prevailing
wind directions are therefore
ideal as wind turbine sites.

Tall wind turbine towers is a
way of increasing the energy
yield of a wind turbine, since
wind speed usually increases
significantly with height.

In low wind areas, manufac-
turers may be able to supply
special wind turbine versions
with large rotors compared to
the size of the electrical genera-
tor.

Such machines will reach
peak production at relatively
low wind speeds, although they
will waste some of the energy

potential of high winds. Manu-
facturers are increasingly opti-
mizing their machines to local
wind conditions worldwide.

WIND ENERGY FITS WELL INTO

THE ELECTRICAL GRID

The major drawback of wind
power is variability.

In large electrical grids,
however, consumers’ demand
also varies, and electricity gen-
erating companies have to keep
spare capacity running idle in
case a major generating unit
breaks down.

If a power company can
handle varying consumer de-
mand, it can technically also
handle the »negative consump-
tion« from wind turbines.

The more wind turbines on
the grid, the more short term
fluctuations from one turbine
will cancel out the fluctuations
from another.

In the Western part of Den-
mark, more than 25 per cent of
the electricity supply today
comes from wind during windy
winter nights.

WIND ENERGY IS A SCALEABLE

TECHNOLOGY

Wind energy can be used in all
sorts of applications – from
small battery chargers in light-
houses or remote dwellings to
industrial scale turbines capable
of supplying the equivalent of
the electricity consumption of
one thousand families.

Other interesting and highly
economic applications include
wind energy used in combina-
tion with diesel powered
backup generators in several
small, isolated electrical grids
throughout the world.

Desalination plants in island
communities in the Atlantic
and the Mediterranean Sea is
another recent application.
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in the electricity supply.
People who live near wind

turbines are on average even
more favourable towards wind
energy, with a score of more
than 80 per cent in favour of
wind energy.

In Denmark, more than
100,000 families own shares in
one of the 4,000 modern wind
turbines scattered throughout
the country.

WIND ENERGY IS A RAPIDLY

GROWING MARKET

Since 1993, growth rates in the
wind turbine market have been
around 50 per cent per annum.

Currently there are some 40
wind turbine manufacturers
worldwide.

The wind turbine industry is
now a 1.5 billion USD industry
with an extremely bright fu-
ture, if environmentally
friendly energy policies gain
ground internationally.

THE DANISH WIND TURBINE

INDUSTRY IS THE WORLD’S
LARGEST

In 1996 Danish wind turbine
companies supplied more than
720 megawatts of new generat-
ing capacity, equivalent to a
medium-sized nuclear power
station. Danish manufacturers
in 1996 held a 60 per cent
share of the world market for
wind turbines.

MODERN DANISH WIND

ENERGY HISTORY

The reason for the Danish
prominence in the wind energy
market is a long tradition dat-
ing back to 1891, when the me-
teorologist, Paul la Cour, as the
first person in the world started
experimenting with electricity
generation fitting a classical
windmill with a DC generator.

His fundamental develop-
ment work was subsequently
taken over by his students.

One of them, Johannes Juul,
became the first person to de-
velop a modern alternating cur-
rent (AC) wind turbine.

In 1956-57 he designed and
built the now classical 200 kW
Gedser wind turbine, which be-
came a model design for all
subsequent wind turbine devel-
opment.

The turbine ran for 11 years
without any substantial mainte-
nance until a bearing failed.

In fact, Juul’s design of a
three-bladed upwind turbine
with an electrically operated
yaw mechanism (to turn the
turbine against the wind), and
an asynchronous generator has
become known as The Danish
Concept, a highly efficient de-
sign which is the equivalent of
the four stroke engine of the in-
ternal combustion engine in-
dustry.

The Danish interest in wind
energy waned in the late
1960ies with low energy prices.

In the late 1970ies the Danish
– and subsequently the inter-
national – interest in wind en-
ergy rekindled, however,

In 1977 the Gedser wind
turbine was refurbished after a
request from NASA, which
needed measurement results for
the US wind programme.

In Denmark, machinery
manufacturers opted for small
machines of 11-26 kW size,
which were subseqently gradu-
ally upscaled to today’s sizes.

When California introduced
a wind programme in the early
1980ies, the Danish manufac-
turers had a head start from the
Danish market, and rapidly be-
came world leaders in this field.

Søren Krohn

WIND ENERGY IS AN IDEAL

DEVELOPING COUNTRY

TECHNOLOGY

Although wind turbine design
has become a high tech indus-
try, wind turbines can easily be
installed in developing coun-
tries, and serviced and main-
tained locally.

Turbine manufacturers pro-
vide training courses for per-
sonnel.

Wind turbines require no
subsequent expensive provision
of fuel, a major stumbling block
for several other electricity gen-
erating technologies in devel-
oping areas.

India has become one of the
large wind energy nations of
the world with substantial local
manufacturing.

P. R. China is presently tak-
ing the Lead in East Asia.

WIND ENERGY PROVIDES JOBS

The wind industry today pro-
vides more than 30,000 jobs
worldwide.

In Denmark alone, more
than 9,000 people make a liv-
ing from wind energy, designing
and manufacturing  wind tur-
bines, components, or render-
ing consultancy and engineer-
ing services – an employment
which is larger than e.g. the
fishing industry.

The Danish production of
wind turbines demands another
4,500 jobs in other countries
which erect wind turbines or
manufacture turbine compo-
nents.

WIND ENERGY IS POPULAR

Opinion polls in several Euro-
pean countries, Denmark, Ger-
many, Holland, and the UK,
show that more than 70 per
cent of the population is in fa-
vour of using more wind energy

Learn more about wind power on the Internet

www.windpower.dk


