
PREFACE

The Power Source for the Future
Our future energy supply faces numer-
ous challenges and has become subject 
to unstable international conditions. To 
meet these challenges offshore wind has a 
key role to play. Offshore windpower can 
contribute significantly to achieving the EU 
goals of a 21 per cent share of renewable 
electricity by 2010, halting global warming 
and reducing our dependence on coal, oil 
and gas. 

We have come a long way since the 1980s, 
when most electricity production was 
based on coal and when the acidification 
of forests and lakes by acid rain was the 
predominant theme in the environmental 
debate. Today wind power provides 20% 
of Danish electricity consumption. Within 
a few years, the wind power industry has 
grown to become a significant industrial 
sector providing huge benefits for exports 
and employment. We are now talking about 
windpower generation plants rather than 
single turbines, and the Danish wind power 
industry is at the leading edge in an ever 
more competitive global market.

In the energy strategy for 2025 the Govern-
ment expects to see a significant increase in 
the use of renewable energy in the years to 
come.  The market-based expansion of this 
sector will be brought about through incen-
tive schemes and investment in physical 
infrastructure as well as research-, develop-
ment- and demonstration. With higher oil 

prices and high CO2 allowance prices we 
expect that a significant proportion of the 
renewable energy expansion will be deliv-
ered by large, offshore wind farms. At sea, 
wind resources are better and suitable sites 
are more readily available to enable these 
large projects to operate in harmony with 
the surrounding environment. 

We are therefore very pleased that the 
Danish environmental monitoring pro-
gramme on large scale offshore wind power 
has received a positive evaluation by the 
International Advisory Panel of Experts on 
Marine Ecology.

To sustain public acceptance and provide 
continued protection to vulnerable coastal 
and marine habitats, it is important to build 
upon the positive experience gained so 
far with the use of marine spatial planning 
instruments.

Offshore Wind farms impact on their natural 
surroundings and it is essential to ensure 
that conditions in unique marine areas are 
not detrimentally affected. Spatial planning 
when identifying potential locations for 
offshore wind farms – taking into account 
grid connection routes and other areas of 
interests – must ensure that future offshore 
wind farms are established in suitable areas 
in such a way that substantial adverse 
environmental impacts can be avoided or 
diminished.  One of the challenges we face 
is to assess the cumulative effects from 

multiple offshore wind farms to arrive at 
optimal site selection.

Thus a committee on future offshore wind 
farms is currently updating the Danish 
action plan from 1997 to use the experi-
ence and learning gained to date in order 
to identify appropriate locations and at the 
same time to minimise visual disturbances 
and the effects on animal species such as 
marine birds and mammals.

This publication describes the Danish 
experiences with offshore wind power and 
discusses the challenges of environmental 
issues that Denmark has had to address in 
relation to the two large-scale demonstra-
tion offshore wind farms Horns Rev and 
Nysted since 1999.

Flemming Hansen
Minister for Transport and Energy

Connie Hedegaard 
Minister for the Environment
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Figure 1: The Horns Rev Offshore Wind Farm is located in the North Sea west of Jutland. The Nysted Offshore Wind Farm is located in the Baltic Sea south of Lolland. 
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PROTECTING NATURE WHILE 
UTILISING ITS POWER 

Catch of benthic fauna species from Horns Rev.

Horns Rev Offshore Wind Farm.

Common eider is one of the numerically important 

bird species at Nysted. 

Experience from the envi-
ronmental monitoring pro-
gramme of the Horns Rev 
and Nysted wind farms

Wind power is one of the most important 
and promising forms of renewable energy 
being developed. It produces no emissions 
and is an excellent alternative in environ-
mental terms to conventional electricity 
production based on fuels such as oil, coal 
or natural gas. 

Danish experience from the past 15 years 

has shown that offshore wind farms are an at-
tractive option. There are significant benefits 
to be had from offshore wind farms in the 
form of mitigating climate change, securing 
energy supply, decoupling economic growth 
from resource use and creating jobs. On the 
other hand they also have an impact on the 
surroundings in terms of visual intrusion, 
noise and impacts on nature. 

During the period 1999–2006 a comprehen-
sive environmental monitoring programme 
was carried out in order to evaluate the 
environmental impact of two of the biggest 
offshore wind farms in the world: the Horns 

Rev Offshore Wind Farm and the Nysted 
Offshore Wind Farm. This booklet discusses 
the results of this programme. 

After an introduction to the Danish experi-
ence with offshore wind power, the wind 
power policy in Denmark and the EU, the 
authorisation process and the technical 
details of the wind farms, the booklet will 
address the main issues and the results of 
the environmental monitoring programme 
(Figure 2). 

This booklet is based on the book “Danish 
Offshore Wind – Key Environmental Issues” 
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Figure 2: Main results of the environmental monitoring programme of the Horns Rev and Nysted offshore wind farms. 

Catch of cod outside Nysted Offshore Wind Farm.

HORNS REV OFFSHORE WIND FARM NYSTED OFFSHORE WIND FARM

Fauna and vegetation The artificial reef effects from the wind 
turbine foundations and scour protections 
are changing the benthic communities to 
hard bottom communities with increased 
abundance of species and biomass.

• Monocultures of common mussels have 
developed at the turbine structures, due 
to low salinity and a lack of predators.

•

Fish Introduction of new artificial habitats with positive effects on fish communities after full 
development of artificial reef communities.
No linkage between the strength of the electromagnetic field and the migration of se-
lected fish species.

•

•

Marine mammals Seals were only affected by pile driving operations. No general change in the behaviour of 
seals at sea or on land could be linked to the construction or operation of the wind farm. 

•

The harbour porpoise population de-
creased slightly during construction, but 
increased again during operation.

• The harbour porpoise population de-
creased significantly during construction 
and only slight recovery was observed 
after two years of operation. 

•

Birds Birds generally show avoidance responses to the wind farm. Some species are displaced 
from former feeding areas. 
The collision risk with turbines is low.
Effects on overall bird populations are negligible.

•

•
•

Attitudes More than 80% of the respondents from the local areas were “positive” or “very positive” 
towards the wind farms. 
The prevailing perception is that the impact on birds and marine life is neutral.
Almost two thirds of the respondents stated that they found the wind farm effect on the 
landscape either “neutral” or even “positive”. 
More than 40% stated that they preferred future wind farms to be moved out of sight. 
There’s a significant willingness to pay to have wind farms located at distances where the 
visual intrusion is fairly small, ie up to 18 km from the shore. At Horns Rev there is no extra 
willingness to pay to have wind farms moved out of sight from 18 to 50 km from the shore. 

•

•
•

•
•

in which the results of the environmental 
monitoring programme are described and 
discussed in more detail.

Spatial planning important
Offshore wind farms are an attractive op-
tion in many ways; however, this type of in-
frastructure at sea must always respect the 
vulnerable marine environment. Appropriate 
siting of wind farms is an essential precondi-
tion for limiting negative impacts on nature 
and the environment, and in this context 
spatial planning is an important tool. 

The general conclusion from the environ-

mental programme of Horns Rev and Nysted 
is that offshore wind power is indeed 
possible to engineer in an environmentally 
sustainable manner that does not lead to 
significant damage to nature. In this respect, 
the prospects for future expansion of 
offshore wind farms look bright, provided 
that the environmental effects of new wind 
farm projects, including the cumulative ef-
fects of more wind farms, are still carefully 
assessed and taken into account in Environ-
mental Impact Assessments (EIAs). 
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to establish the economic, technical and 
environmental issues required to accelerate 
offshore development and to open up se-
lected areas for future wind farms. The pro-
gramme involved government authorities 
as well as local authorities and this resulted 
in a framework for the subsequent formal 
approval procedure.

Horns Rev and Nysted 
– from plan to project
In 1999, the Danish Energy Authority gave 
the green light to undertake preliminary sur-
veys of the sites at Horns Rev and Nysted. 

In 2000, the Environmental Impact Assess-
ment (EIAs) for both sites were submitted 
to the authorities, and in 2001 both wind 
farms were approved.

Eight Danish offshore wind 
farms established since 1991

Denmark is a small, densely populated 
country with a relatively long coastline. 
Far-reaching ambitions for expansion of 
wind power have therefore meant that it 
has become attractive to locate turbines 
offshore. This development has become 
possible because the higher installation and 
operating costs of offshore wind farms are, 
to a determining extent, offset by increased 
productivity.

Since 1991, eight wind farms have been es-
tablished offshore (Figure 3). The first three 
offshore wind farms, at Vindeby (1991), 
Tunø Knob (1995) and Middelgrunden 
(2000), were pilot projects. These were 
followed by the large-scale demonstration 
wind farms Horns Rev (2002) and Nysted 
(2003). Furthermore, the Danish Energy 
Authority has approved three nearshore 
projects at Rønland (2003), Frederikshavn 
(2003) and Samsø (2003). The permits 
for all eight projects stipulated specific 
requirements for protection of the marine 
environment.

Large-scale demonstration programme
Several studies investigating the possibilities 
and regulatory conditions for offshore wind 
power installations have been undertaken. 
Besides selecting the sites for the small 
pilot projects, all interests of relevance to 
offshore wind power in Danish waters have 
been mapped most recently in 1995.

On the basis of the Danish Action Plan on 
Offshore Wind from 1997, the Government 
obliged the utilities to carry out a large-scale 
demonstration programme for offshore 
wind farms. The aim of the programme was 

GOOD EXPERIENCE WITH DANISH 
OFFSHORE WIND POWER

Middelgrunden with 20 wind turbines of 2 MW each, just outside Copenhagen, is an example of joint ownership between DONG Energy and a local cooperative. 
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to establish the economic, technical and 
environmental issues required to accelerate 
offshore development and to open up se-
lected areas for future wind farms. The pro-
gramme involved government authorities 
as well as local authorities and this resulted 
in a framework for the subsequent formal 
approval procedure.

Horns Rev and Nysted 
– from plan to project
In 1999, the Danish Energy Authority gave 
the green light to undertake preliminary sur-
veys of the sites at Horns Rev and Nysted. 

In 2000, the Environmental Impact Assess-
ment (EIAs) for both sites were submitted 
to the authorities, and in 2001 both wind 
farms were approved.

Eight Danish offshore wind 
farms established since 1991

Denmark is a small, densely populated 
country with a relatively long coastline. 
Far-reaching ambitions for expansion of 
wind power have therefore meant that it 
has become attractive to locate turbines 
offshore. This development has become 
possible because the higher installation and 
operating costs of offshore wind farms are, 
to a determining extent, offset by increased 
productivity.

Since 1991, eight wind farms have been es-
tablished offshore (Figure 3). The first three 
offshore wind farms, at Vindeby (1991), 
Tunø Knob (1995) and Middelgrunden 
(2000), were pilot projects. These were 
followed by the large-scale demonstration 
wind farms Horns Rev (2002) and Nysted 
(2003). Furthermore, the Danish Energy 
Authority has approved three nearshore 
projects at Rønland (2003), Frederikshavn 
(2003) and Samsø (2003). The permits 
for all eight projects stipulated specific 
requirements for protection of the marine 
environment.

Large-scale demonstration programme
Several studies investigating the possibilities 
and regulatory conditions for offshore wind 
power installations have been undertaken. 
Besides selecting the sites for the small 
pilot projects, all interests of relevance to 
offshore wind power in Danish waters have 
been mapped most recently in 1995.

On the basis of the Danish Action Plan on 
Offshore Wind from 1997, the Government 
obliged the utilities to carry out a large-scale 
demonstration programme for offshore 
wind farms. The aim of the programme was 

Name Of Wind Farm Year Of 
Commissioning

Turbine 
Capacity

Total 
Capacity

Estimated Annual 
Production

Vindeby, Falster 1991 11  450 kW units 5 MW approx 10 GWh

Tunø Knob, Odder 1995 10  500 kW units 5 MW approx 15 GWh

Middelgrunden, Copenhagen 2001 20  2 MW units 40 MW approx 95 GWh

Horns Rev 1 2002 80  2 MW units 160 MW approx 600 GWh

Samsø 2003 10  2.3 MW units 23 MW approx 80 GWh

Rønland, Harboøre 2003
4  2 MW units
4  2.3 MW units

17 MW approx 70 GWh

Frederikshavn 2003
2  2.3 MW units
1  3 MW units

8 MW approx 20 GWh

Nysted Offshore Wind Farm 2003 72  2.3 MW units 165 MW approx 600 GWh

Figure 3: Danish offshore wind farms in operation as of 2006

Vindeby, west of Lolland, was the world’s first offshore wind 

farm. Its 11 wind turbines of 450 kW each provided Danish 

electricity utility companies with invaluable experience.
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Samsø offshore wind farm at Paludan Flak is a part of the island’s ambitious project to supply all of its energy 
needs from sustainable sources.
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WIND POWER POLICY IN 
DENMARK AND THE EU

Continued expansion of 
offshore wind power 

Denmark has a long tradition of implement-
ing energy policies with broad political 
support and involving a broad range of 
stakeholders such as energy companies, in-
dustry, municipalities, research institutions, 
NGOs and consumers. 

When the first energy crisis struck in the 
mid 1970s, exploitation of renewable energy 
as a replacement for fossil fuels to produce 
energy became very attractive. Ambitious 
wind power development programmes were 
therefore launched in several countries. 
Since then there has been a tremendous 
growth in technological development and 
turnover. Modern Danish wind turbines 
have been built higher and higher, and a 
new turbine can produce approximately 100 
times as much electricity as a wind turbine 
from 1980. 

Kick-starting Danish wind energy
Promotion of wind energy has been included 
in all Danish energy strategies with policy 
instruments, such as taxation, production 
subsidies, local ownership and agreements 
with utilities, as the most important tools. 
Technology-push instruments such as R&D 
programmes, test stations for wind turbines 
and certification schemes have also been used. 

One of the most important incentives to 
promote wind turbines has been the obliga-
tion for the Danish Transmission System 
Operator (TSO) and the consumers to buy 
the total amount of renewable electricity 
produced in the country at a fixed price. 
The fixed feed-in tariff turned investment 

in wind farms into a very secure business for 
private investments. 

In the spring of 1999, an electricity reform 
was introduced that unbundled the 
electricity sector, including the utilities, 
and laid down the principles for the future 
promotion of renewable energy. The 
current policy aims to strengthen the use 
of market-based instruments to increase 
competition in the energy sector and en-
courage cost efficiency in renewable energy 
development. 

Strong international commitment
EU governments have agreed to aim at the 
target to reach a 21% share of renewable 
electricity by 2010. To achieve this objective 
there is an important role for wind power, 
and for several member states offshore 
wind power has a key part to play.

Although the prospects for offshore wind 
power are promising from a long-term 
perspective, the technology faces a number 
of challenges in terms of technological 
performance and competition for space 
with other marine users. Compatibility with 
the European power grid infrastructure and 
secure integration in the energy system as 
well as becomming fully competitive in the 
liberalised European electricity market are 
also important challenges. 

All these issues have been dealt with in the 
Copenhagen Strategy 2005 on European 
Offshore Wind Power Deployment. In 
relation to the environment this strategy 
recommends as one of the key issues the 
establishment and use of marine spatial 
planning instruments to arrive at optimal 
site selection.

EU member states aim at 21% share of renewable 

electricity by 2010. 

In 2004, a large majority in the Danish Parliament 

agreed on a new energy policy including expansion of 

offshore wind farms. 
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Also in other countries, there’s a huge 
potential for increasing the size and number 
of offshore wind farms, especially in the 
North Sea and in the Baltic Sea where the 
UK, Sweden, Ireland, the Netherlands and 
Germany have installed or approved a ca-
pacity totalling in excess of 7,000 megawatt 
(MW). Among other European countries 
with specific offshore wind turbine projects 
are Spain, Belgium and France.

Policy agreements for future off-
shore wind farm initiatives
In 2004, the Danish Government closed 
energy policy agreements with a large 
parliamentary majority. One of the objec-
tives was to promote the continued 
development of wind power technology 
and the future expansion of offshore wind 
farms. The agreement introduced a market 
oriented pricing system for wind power and 
secured the basis for installation of two 
new offshore wind farms at Horns Rev and 
Rødsand (see box).

If oil prices remain high and if ambitious 
international climate objectives result in 
higher CO2 allowance prices, both wind en-
ergy and biomass will become so competi-
tive that the amount of renewable energy 
produced will increase significantly. Under 
such conditions wind power may be able to 
cover more than 50% of the Danish electric-
ity consumption in 2025 out of which most 
is envisaged to be placed offshore.

In 2005, the Danish Energy Authority began 
the work on a new plan for location of fu-
ture offshore wind farms in the period from 
2010 to 2025. The process builds on the 
Danish Action Plan on Offshore from 1997 
as well as on experience from the Horns 

Rev and Nysted demonstration offshore 
wind farms and follows the principles of a 
Strategic Environmental Assessment. 

Coal and wind.

HORNS REV 2 AND RØDSAND 2
The two new wind farms at Horns Rev and Rødsand, with a capacity of 200 MW 
each, will be capable of supplying 350,000-400,000 households with electricity, 
equivalent to 1,400-1,600 GWh or 4% of the total Danish electricity consumption. 

In June 2005, DONG Energy was chosen as the winner of the tender for the wind 
farm at Horns Rev 2, and in April 2006 a consortium consisting of DONG Energy and 
E.ON Sweden won the tender for the Rødsand wind farm. 

The next step for the winners will be to carry out preliminary studies and to prepare 
Environmental Impact Assessments (EIA) in order to clarify all impacts on nature 
and the environment. The EIAs will be subject to public consultation. The EIA for 
Horns Rev was published for consultation in October 2006. The two wind farms are 
expected to be commissioned 2009/2010.

Ph
ot

o:
 D

O
N

G
 E

ne
rg

y



12

ENVIRONMENTAL ASSESSMENT 
AND PUBLIC CONSULTATION

The approval of offshore 
wind farm projects is based 
on Environmental Impact  
Assessments (EIA) and con-
sultation of all interested 
parties

The right to exploit wind energy within 
the Danish waters belongs to the State and 
permission to conduct preliminary studies 
and to exploit wind energy at sea is granted 
by the Danish Energy Authority.

The procedure for establishing offshore wind 
farms has been gradually developed as experi-
ence has been gained with the first eight 
Danish offshore wind power projects. The 
Danish Energy Authority functions as a one 
stop shop in relationship to the many, often 
opposing, interests connected to the estab-
lishment of offshore wind power projects. 

Permissions for preliminary studies and for 
exploitation of wind energy at sea may only 
be given either after applications have been 
requested in connection with a call for 
tenders, or in an open door procedure after 
an application has been made public and 
other interested parties have been given the 
opportunity to apply.

Environmental reporting and  
consulting
An assessment of the environmental 
consequences (an EIA report) followed by 
a consultation of the public, the authorities 
and any organisations concerned is given 
their size and numbers a requirement to all 
offshore wind farm projects.

Besides studying the wind, current and sea-
bed conditions that must be known in order 

to plan an offshore wind power installation, 
an applicant must also show how the instal-
lation will affect the marine environment. 

The description of the environmental 
consequences must cover fauna and flora, 
seabed conditions, water, air, climate condi-
tions, archaeological remains, impact on the 
landscape and coastal safety. The EIA report 
must also demonstrate how any damaging 
environmental impacts can be reduced or 
compensated and indicate possible alterna-
tive locations for the installations. 

Important involvement of the public
The establishment of offshore wind farms 
requires permission for preliminary surveys 
as well as a final approval of the project – a 
building permit. Both of these permissions 
depend on a process of public consultation. 
When, on the basis of preliminary studies, 
an application (including an EIA report) has 
been submitted, the Danish Energy Author-
ity submits this material for public consulta-
tion with a deadline of at least eight weeks. 

Experience gained during the first EIA pro-
cedures for offshore wind farms shows that 

the authorities concerned, interest groups 
and citizens all utilise the public consulta-
tion of EIA reports in order to make com-
ments that contribute to the final decision 
regarding the projects. 

Approval and appeal
Once the EIA procedure has been complet-
ed, the Danish Energy Authority makes a 
decision on the final approval. The approval 
is made public and any party with justified 
and individual interests in the decision has 
the right to register a complaint with the 
Energy Appeal Board regarding the decision. 

Once authorised to carry out a project, the 
developer must provide the Danish Energy 
Authority with documentation proving how 
the conditions in the permit will be fulfilled. 
This must be done in the form of a detailed 
project description for the installation 
works. The developer may not begin to in-
stall the offshore wind farm until after the 
Danish Energy Authority has reviewed that 
the documentation submitted is sufficient.  

Figure 4: The authorisation procedure for establishing offshore wind farms in Denmark following a tender procedure.
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