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Denmark – Commercial Success

Denmark’s wind energy industry is a major

commercial success story. From a standing start

in the 1980s to a turnover of $2.6 billion in 2001,

its growth rate challenges that of the internet or

mobile phones. Danish wind turbines dominate

the global market, and the country has forged

itself a position at the head of the fastest growing

energy source in the world.

Over the past 15 years the Danish wind turbine industry has
grown into one of the heavyweights in machinery
manufacturing. Alongside the major turbine manufacturers -
Vestas, NEG Micon, Nordex and Bonus - there are a score of
large component companies and dozens of smaller suppliers.
From a few hundred workers in 1981 the industry now
provides jobs for 20,000 people in Denmark and a further
8,000 in component supply and installation work around the
world.

The last eight years in particular have seen a dramatic increase
in the production capacity of Danish turbine manufacturers.
Annual output, mainly for export around the world, has
increased almost tenfold from 368 MW in 1994 to 3,000 MW
in 2001. Despite the emergence of competing manufacturing
countries, almost half the wind turbine capacity being installed
globally today is of Danish origin. 

Government commitments
One reason for the Danish wind industry’s success is the
commitment from successive governments to a series of
national energy plans aimed at reducing dependency on
imported fuel, improving the environment and moving towards
greater sustainability. Nuclear power has been rejected as an
option and the government has decided to phase out coal
completely as a fuel in power stations. No new coal-fired
capacity will be installed. These domestic policies have in turn
helped spawn a thriving export industry for wind turbines.

In 1981, the first Danish government energy plan envisaged
that 10% of electricity consumption should be met with wind
power by 2000. The government then expected that this could
be reached by installing 60,000 wind turbines with an average
capacity of 15 kW. The 10% target was reached three years
early with less than 5,000 turbines with an average size of 230
kW. The main thrust of the latest plan, called Energy 21
(published in 1996), is for a major reduction in carbon dioxide
emissions. The target now is for a 20% cut in the 1988 level of
emissions by 2005 and a 50% cut by 2030. To achieve this,
more than a third of all energy will have to come from
renewable sources. Most of this will be wind power. 

By 2030 wind is expected to be supplying up to half of the
country’s electricity and a third of its total energy. To reach this
level, a capacity in excess of 5,500 MW will need to be
installed, a good proportion of it offshore. 

Record proportion
Denmark is already well on the way to achieving these
objectives. By the end of 2001 installed wind energy capacity
had risen to 2,417 MW. In an average wind year these turbines
will produce 18% of the country’s electricity. The Danish Wind
Industry Association anticipates that Denmark will be able to
satisfy more than 20% of its demand from wind generated
electricity by 2003. This is a higher proportion than any other
nation in the world. 

Through the use of wind power, Denmark has already
achieved one third of its required reductions under the Kyoto
Protocol. This reduction is equivalent to about 7% of all Danish
greenhouse gas emissions.

Engineering innovation
An important element in the Danish success story has been
technological innovation. At a time in the 1980s when wind
turbine design was locked in a “biggest is best” approach, the
Danes went back to basics, using skills partly from agricultural
engineering to construct smaller, more flexible machines. The
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familiar three-bladed design with the rotor and blades set
upwind (on the windy side of the tower) is now the classic
concept against which all others are judged. 

More recently, Denmark has led the world in the development
of proposals to build large wind farms of turbines in its coastal
waters. Working with the country’s two main electricity
companies, the Danish Energy Agency has elaborated plans
for five offshore parks with a total capacity of about 750 MW
before 2008. The Government has so far approved the first

two parks. The eventual aim is for up to 4,000 MW of offshore
schemes by 2030. 

Another feature of Danish development is that 80% of the
turbines erected are owned by individuals or specially
established wind co-operatives. Over 150,000 Danish families
now either own themselves, or have shares in, wind energy
schemes. Even the large 40 MW wind farm in the sea just
outside Copenhagen is partly owned by a co-operative with
8,500 members

FROM A FEW HUNDRED WORKERS IN 1981

THE INDUSTRY NOW PROVIDES JOBS FOR

20,000 PEOPLE IN DENMARK AND A FURTHER

8,000 IN COMPONENT SUPPLY AND

INSTALLATION WORK AROUND THE WORLD.

Spain – Southern Europe’s
Powerhouse

The Spanish wind energy industry has forged

ahead in recent years more successfully than any

other in southern Europe. A sparsely populated

countryside combined with strong government

policies have together made Spain a powerhouse

for both manufacture and development.

In 1993 just 52 MW of wind energy capacity was operating in
the Spanish landscape, much of that concentrated in the
windy district of Tarifa facing out towards Africa across the
straits of Gibraltar. By the end of 2000 the total had
mushroomed to 2,836 MW, over a third installed in that one
year alone. During 2001, wind energy soared again to reach
3,550 MW, maintaining Spain’s position as No.2 in Europe. 

As importantly, this development is now taking place across
many regions, from the jagged Atlantic coastline in the north-
west to the mountains of Navarre, in the shadow of the
Pyrenees, to the sun-drenched plains of Castilla la Mancha.

National support 
The origins of Spain’s success can be found in a mixture of
factors - an excellent wind regime liberally spread across a
land mass over ten times as large as Denmark, a focused
regional development policy and a national support scheme
which is strong and straightforward.

The first piece of government legislation to provide substantial
backing for renewable energy was introduced in 1994. This
obliged all electricity companies to pay a guaranteed premium
price for green power over a five year period, operating in a

similar way to the Electricity Feed Law in Germany. At the end
of 1998 the government reaffirmed its commitment to
renewables with a new law designed to bring this system into
harmony with the steady opening up of European power
markets to full competition. 

The 1998 law confirmed an objective for at least 12% of the
country’s energy to come from renewable sources in 2010, in
line with the European Union’s target, and introduced new
regulations for how each type of green electricity would be
priced. For wind energy producers, this means that for every
unit of electricity they produce they are paid a price equivalent
to 80-90% of the retail sale price to consumers. During 2001,
the government agreed price was 5.4 US cents/kWh, making
wind an attractive investment.

Provincial plans
Whilst national laws are important, a crucial impetus for wind
development in Spain has come from the bottom up, from
regional governments keen to see factories built and local jobs
created. The busiest regions have been Galicia, Aragon and
Navarre, but with Castilla Leon and Castilla la Mancha both
now catching up. The incentive is simple: companies who
want to develop the region’s wind resource must ensure that
the investment they make puts money into the local economy
and sources as much of its hardware as possible from local
manufacturers.

A pioneer of this approach has been Galicia, the north-
western region whose coastline juts out into the Atlantic
Ocean. Starting from 1997, the regional government’s grand
plan has been to install a capacity of 2,800 MW within ten
years. This represents about 45% of the province’s power
capacity. To achieve this, ten promoting companies, including


