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P

reface
After over six months of work, we are ﬁnally able to present
the results of the research after a complicated subject: the
allocation of large wind parks in the Dutch landscape.
One year earlier, it is the late summer of 2005, the idea came
up to attack the problem of wind parks, a problem landscape
architects have been struggling with for a long time.
It all started in Copenhagen, main city of a country which
does not have many problems with the allocation of wind
parks. Jan was studying over there for half a year. During
that time, Liezelotte was doing her internship at Veenenbos
& Bosch, an ofﬁce for landscape architecture in Arnhem. For
this ofﬁce she worked on a project about wind turbines and
in August she prepared a presentation which was the starting
point of a study after wind turbines by ‘Atelier Rijksbouwmeester’.
Together with Veenenbos & Bosch Liezelotte made a study
trip to Copenhagen, where she met Jan and discussed about
possible thesis subjects.
Soon the discussion started on wind turbines and the way
they are allocated in The Netherlands. Compared to Denmark and Germany, The Netherlands are far behind. Both
Liezelotte and Jan thought that the image of wind energy
could be improved by good design.
It appeared to us that not a lot of research was done, which
inspired us to do a proper research.
Soon we were convinced that it is necessary to go abroad in
order to come up with new ideas and insights about wind
parks and landscape. Because more and larger wind parks
are developed in Germany and Denmark, a lot of data can be
collected when wind parks in these countries are analyzed.
Because it will be an extensive research, Martijn is asked to
join the team.
At that time wind turbines are in the news again. After some
years of relative silence the subject is awakened by the national advisor on landscape; landscape architect Dirk Sijmons. On his initiative some seminars, workshops and symposia about wind turbines were organized. We visited some
of them to get extra inspiration for our research.
Unless some preparations are done before, the project really
started in March 2006. Soon it became clear that, besides
time, money seems to be the limiting factor. The only way to
visit many wind parks in different countries is to buy or rent
a car, since public transport is not an option. Because the
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outcome of the project will be solely based on ﬁeld research,
a car is absolutely necessary.
The NH BOS-foundation is contacted to sponsor our project.
Luckily they gave us their ﬁnancial support, so we were able
to bring this project to a good end.
In the month of May, everything is ready for a three weeks
lasting ﬁeld trip through The Netherlands, Germany and Denmark. During this trip, every day one wind park is analysed.
After the ﬁeldwork we sometimes forgot about all the bad
weather, the tight working schedule everyday again and the
intense discussions. It was certainly not a holiday, but it
seems that only the good things are being remembered.
None of us would have missed this part of the project!
The results of the research in the ﬁeld offered an enormous
amount of information, varying from pages and pages of
notes to dozens of photographs of every single wind park.
Actually, we got a lot more out of the ﬁeldwork than expected, but we did not want to skip a thing. This is the reason we
had to use almost our whole summer holidays to bring everything together.
By this time Martijn ﬁnished his part of the project. Liezelotte
and Jan continued developing the Landscape Based Strategy
and completing three case studies to test the designed method for the development of large wind parks in The Netherlands. Again ﬁeldwork is necessary, but this time only for a
few days.
All the effort and time we put in this project resulted in this
report. A big job is ﬁnished with a large report. Maybe we
were a bit too ambitious, but we think all information gathered during the ﬁeld research is worth publishing and sharing
with other people.
With this project, we hope to contribute to the quality of wind
turbine design in The Netherlands, for now but also for the
future. It would be great if this report is used as a source of
inspiration. Not only for landscape architects, but also for all
other people who care about our landscape and clean sources of energy. This project is just a start to develop design
solutions for wind parks, based on the surrounding landscape. Hopefully, this report contributes to a revived discussion about wind turbines and their relation with Dutch landscapes.

We learned a lot during the last six months. Managing such a
large project is not always easy when you are with three persons. Also preparing the ﬁeldwork, from organizing cars to
getting proper maps, is not easy. We also learned a lot from
writing such a large report completely in English. Hopefully
we are now ready for a live as landscape architect.
This project would not be a large succes without the support
and help of a lot of people. To all of them we are really grateful! From Wageningen University we would like to thank our
supervisor Rudi van Etteger. He really inspired us to start this
project. He helped us a lot with fundamental questions we
got stuck on. When he was not available, we could always
contact Ingrid Duchhart, who also helped us to develop a
proper thesis proposal. We also want to thank Frank Stroeken, landscape architect at Royal Haskoning. Especially for the
time he saved to inspire us with ideas and things we should
not forget when designing with wind turbines.
As mentioned earlier, this project would not have come to a
good end without the ﬁnancial support of the NHBOS foundation. Thanks again.
We also should not forget all the help we got from the people
who were willing to lend us their car. They really helped us
out of our mobility problems. Although sometimes the cars
suffered a lot, especially the Volkswagen Golf of Jan’s mother
had a hard time, they all survived it. Whether it was a Modus,
a Renault Megane, a Volkswagen Golf or a Ford Fiesta, as
long as it was driving it was perfect for us! Thanks to the
Jan’s mother, the parents of Martijn and Ursula Ellendorf.
Besides that, where would we be without the notebook of the
mother of Liezelotte. Thanks for using your free memory!
Finally we would like to thank all other people who supported
and helped during the project. Thanks to Lon Schöne, Sven
Stremke, Rob van Beek (Ecofys), Pim de Ridder (WEOM),
Jeroen Bosch, Bernard Heersche, Floor van Langen and Bert
Bijkerk.
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S

amenvatting
Naarmate de problemen rond milieu en het tekort aan fossiele
brandstoffen toenemen, neemt ook het besef van de noodzaak
van duurzame energiebronnen toe.
Naast kernenergie, waarvan je je kunt afvragen of het echt
duurzaam is, is windenergie momenteel de enige rendabele
bron van duurzame energie in Nederland.
Hoewel bijna iedereen het principe van windenergie ondersteunt, blijft de weerstand vanuit de maatschappij tegenover
windturbines groot. Deze weerstand wordt nog eens versterkt door de ‘negatieve plaatsingsstrategie’ van de overheid. Deze strategie is gebaseerd op het wegstrepen van locaties, waardoor een ‘witte vlek’ op de kaart over blijft. Hier
kunnen vervolgens windturbines geplaatst worden. Gevolg
van deze strategie is dat de windturbines verschijnen op
plaatsen die over het algemeen niet als mooi worden ervaren, bijvoorbeeld langs snelwegen en bij industrieterreinen.
Hoewel de impact van een windpark op het landschap enorm
is, speelt het landschap bij het plaatsen van windparken nauwelijks een rol.
De rol van het landschap bij het plaatsen van windmolenparken is dan ook het belangrijkste element in dit afstudeeronderzoek. Hoofddoel is te komen tot een ‘Landscape
Based Strategy’ voor de ontwikkeling van grote windparken
in Nederland. Onder grote windparken worden parken van 15
moderne turbines of meer verstaan.
Om te komen tot deze strategie is het belangrijk inzicht te
verkrijgen in de relatie tussen windpark en landschap. De
hoofdvraag van het onderzoek luidt dan ook: welke rol spelen ruimtelijke elementen bij een architectonisch weloverwogen plaatsing van windparken in het landschap?
In het onderzoek wordt gezocht naar de relatie tussen het
windpark en zijn omgeving. Vanwege de toenemende hoogte
van windturbines spelen maat, schaal, afstanden en de interpretatie daarvan een grote rol. Meer inzicht in de relatie tussen ruimtelijke elementen en het windpark kan wellicht duidelijkheid verschaffen over de geschiktheid van verschillende
landschapstypen voor de plaatsing van windturbines. Zijn de
overwegend open polders echt de enige locaties waar windturbines ‘passen’, of houden we onszelf daarmee voor de
gek? En als polders de enige juiste locaties zijn, waar plaatst
men de winturbines in Duitsland en Denemarken dan? Deze
twee landen kennen niet veel grootschalige, open polders.
Toch weten beide landen aanzienlijk meer windturbines te
plaatsen dan Nederland. In Denemarken voorzien windturbines zelfs in 21% van de totale energiebehoefte.
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Om goed zicht te krijgen op de relatie tussen windpark en
landschap is onderzoek gedaan naar windparken in Nederland,
Duitsland en Denemarken. Voor deze landen is gekozen vanwege het feit dat in deze landen veel windparken in een groot
aantal verschillende landschapstypen geplaatst zijn. Bovendien zijn deze buitenlandse landschappen in hoge mate vergelijkbaar met de Nederlandse. In het onderzoek worden alleen
rurale landschappen onderzocht op vlak en licht glooiend terrein, stedelijke- en heuvellandschappen zijn uitgesloten, evenals windparken in zee.
Een lijst met vragen, de zogenaamde ‘checklist’ en een lijst
met hypotheses zijn opgesteld om de parken tijdens het veldwerk zo objectief en volledig mogelijk te kunnen analyseren.
Doordat voor ieder windpark dezelfde vragen en hypotheses
behandeld zijn, zijn de analyseresultaten bovendien goed
vergelijkbaar.
Het veldwerk heeft geleid tot een groot aantal conclusies, bevindingen en theorieën. Effecten die de proporties en perceptie van een windpark beïnvloeden kunnen worden gekoppeld
aan de compositie van landschapselementen. Ruimtelijke elementen die de grootste invloed hebben op de perceptie en
compositie van een windpark zijn hoogspanningsleidingen,
andere windparken en beplanting. De proportie tussen wind
turbine en de nabij gelegen beplanting bepaalt in hoeverre het
windpark als esthetisch wordt ervaren. De mate van interferentie speelt een belangrijke rol bij de beleving van het windpark.
In principe is elke compositie mogelijk wanneer er rekening
wordt gehouden met de effecten die kunnen optreden op het
gebied van perceptie. Hieruit kan geconcludeerd worden dat
elk Nederlands landschapstype geschikt is voor het plaatsen
van een groot windpark. Er kan geen uitspraak worden gedaan
over stedelijke- en heuvellandschappen omdat deze niet zijn
onderzocht. Gebleken is dat met slechts een klein aantal veranderingen aan de windturbine of het windpark de relatie tussen windpark en landschap aanzienlijk verbeterd kan worden.
Beplanting speelt een belangrijke rol in een groot aantal effecten. Beplanting kan interfereren met de rotor van een windturbine. De gewenste verhouding tussen windturbine en beplanting is een verhouding waarbij circa 30% van de mast van
de turbine niet bedekt wordt door beplanting of de rotor van
de turbine.
De hoeveelheid beplanting in een landschap is belangrijk voor
de zichtbaarheid van het windpark vanuit het omringende
landschap. Gebleken is dat een toenemende hoogte van tur-

bines in een besloten landschap, de zichtbaarheid niet drastisch vergroot. Omdat de turbines in besloten landschappen
vaak wegvallen achter beplanting, is het zelfs aan te raden
hier de hoogste turbines te plaatsen. In de meer open landschappen is het raadzaam lagere turbines te plaatsen. Vanuit het oogpunt van efﬁciëntie zal dit geen problemen opleveren, aangezien er in open landschappen minder obstakels
zijn die de wind afremmen.
Hoogspanningsleidingen en andere windparken kunnen zorgen voor interferentie. De aanwezigheid van hoogspanningsleidingen en andere windparken kan daarom een reden zijn
om een andere locatie voor een windpark te zoeken.
Met name de mate van interferentie met hoogspanningsleidingen kan verminderd worden door de juiste positie van
windpark, hoogspanningsleiding en hoofdwegen ten opzichte
van elkaar te kiezen.
Enkele andere bevindingen zijn ook van belang voor een
weloverwogen plaatsing. Vaak zijn dit kleine dingen die eenvoudig aan te passen zijn, maar die het windpark en de perceptie van het windpark aanzienlijk verbeteren.
-In de eerste plaats is het belangrijk niet teveel turbines
achter elkaar te plaatsen in verband met de interferentie tussen de turbines onderling.
-Het is ook belangrijk dat de juiste verhouding tussen rotordiameter en mast gekozen wordt, aangezien deze verhouding de perceptie van hoogte van de windturbine kan beïnvloeden. Een esthetische verhouding is 1:1, maar bij
aanwezigheid van beplanting is het raadzaam de rotor zodanig te kiezen dat het onbedekte deel van de mast ongeveer
30% is.
- Turbines moeten niet geplaatst worden achter huizen of
dorpen die niet omringd worden door beplanting. Dit kan interferentie opleveren waarbij de huizen worden geminimaliseerd of de turbines als zeer groot ervaren worden.
-Het is raadzaam om de voet van de turbines en de onderhoudspaden in het windpark zo subtiel mogelijk te houden
om het windpark een zo natuurlijk mogelijke aanblik te
geven.
-Een terughoudend gebruik van kleuraccenten op turbines
wordt geadviseerd.
De hierboven genoemde effecten zijn goed beïnvloedbaar en
verbeteren de kwaliteit van het windpark en zijn daarom onderdeel van de Landscape Based Strategy. Deze strategie
moet gezien worden als een cyclisch proces en bestaat uit 5
stappen:

De eerste stap betreft het kiezen van een geschikte locatie.
Hierbij spelen wettelijke afstanden tot bebouwing en de eventuele aanwezigheid van hoogspanningsleidingen en andere
windparken een belangrijke rol.
In de tweede stap worden karakteristieken van het landschap
gebruikt om de hoogte van de turbine en de grootte van de
rotor te bepalen. Hierbij wordt onder andere rekening gehouden met de zichtbaarheid van het windpark vanuit het omringende landschap en de hoogte van eventuele beplanting.
In stap 3 wordt gekeken naar het grondvlak. Naar aanleiding
van de draagkracht van de bodem wordt gekeken of het
noodzakelijk is om onderhoudspaden aan te leggen. Ook wordt
gekeken in hoeverre aanwezige wegen en paden voor dit doel
gebruikt kunnen worden.
In stap 4 wordt gekeken naar het omringende landschap.
Zichtbaarheid van het windpark vanaf hoofdwegen kan de
keuze voor een bepaalde lay-out beïnvloeden. Verder wordt
gekeken of het windpark als oriëntatiepunt kan dienen.
De vijfde en laatste stap kan gezien worden als de creatieve
stap om het windpark een eigen gezicht te geven.
Aan de hand van case studies is de waarde van de Landscape
Based Strategy getest. Drie gebieden in noord Nederland zijn
uitgekozen om een groot windpark te ontwerpen volgens de
vijf stappen van de Landscape Based Strategy. Om aan te
tonen dat naast de grootschalige, open polders ook andere
gebieden geschikt zijn voor het plaatsen van een wind park,
zijn kleinschalige gebieden gekozen waarvan twee besloten
zijn.
Na het uitvoeren van de case studies is gebleken dat in Nederland het aantal geschikte locaties sterk beperkt wordt door de
dichtheid en de verspreiding van woningen en het grote aantal
elementen dat interferentie kan veroorzaken (met name hoogspanningslijnen). Echter, de locaties die overblijven zijn allen
geschikt voor de ontwikkeling van een groot windpark. De geschiktheid van een locatie hangt niet af van het landschapstype omdat elk landschap onderdeel kan zijn van een esthetische compositie wanneer de vijf stappen van de Landscape
Based Strategy goed worden doorlopen. Hierdoor blijven er
voldoende locaties in Nederland bij zodat het aandeel windenergie ﬂink verhoogd kan worden. De verschillende landschappen maken elk windpark uniek.
De Landscape Based Strategy heeft zijn nut bewezen en is een
waardevolle methode om de plaatsingsmogelijkheden en de
kwaliteit van de Nederlandse windparken te vergroten.
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Chapter 1
Introduction

9

Since we are running out of fossil fuels, society is getting aware
of the problems concerning our energy dependency. In addition the public awareness of the global climate change and its
dangers pushes the discussion about alternative, cleaner energy sources forward. Wind energy is considered to be one of
the future clean energy sources. Many European countries invested in wind energy and the amount of wind turbines in the
landscape is increasing.
But it is not only the amount of turbines which is increasing;
the hub height of the turbines increased a lot during the last
decades. About twenty years ago, turbines had a hub height of
30 to 40 meters. Nowadays, the ﬁrst turbines with a hub height
of 120 meter high are placed, about four times the size of the
old turbines!
Although everyone is aware of the advantages of wind energy
in general, wind turbines are still not well accepted. Especially
when they appear in large numbers (wind parks), they are
widely criticized. The most commonly heard objections are
that wind parks ‘do not ﬁt’ into the existing landscape.
Sketch of the problem
In The Netherlands there are many problems concerning wind
turbines. Although the general opinion on wind energy as a
concept is positive, there is a lot of resistance amongst citizens
against wind turbines. Many people don not want to have wind
turbines close to their homes. This phenomenon is known as
the ‘Not In My Backyard’ (NIMBY) effect.
The Dutch government formulated goals about the amount of
power generated by wind turbines. In the year 2010, 1500
Megawatt (MW) should be produced by turbines placed on land
(onshore), while 6000 MW should be produced by turbines
placed in the sea (offshore). To reach this goal, every province
in The Netherlands received a speciﬁc target. However, almost
all provinces, except Flevoland and Noord-Holland, have difﬁculties with the allocation of wind turbines.
Allocation of turbines is difﬁcult because of the many restrictions, but also because of the negative image wind turbines
still have. They are often seen as obstacles ‘polluting’ the open
landscape. When a wind park is planned somewhere, local
communities and organizations will often try to prevent the
plan.
Allocation policies are focused on planning considerations. In
practice the focus is on where NOT to place turbines. This leads
to small areas suitable to place 1 to 10 turbines. Most wind
parks are linked to man-made landscapes, like highways, industrial areas and business areas. According to many people
these areas are already wasted. The landscape and the aes-
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thetic values seem to play a minor role in the allocation of
wind parks. This negative approach leads to fragmentation of
the Dutch landscape, where left over pieces of land are used
to fulﬁl the national goals. Furthermore, only the large scale
open polders are regarded to be the only suitable landscapes
for large wind parks.
A result of 25 years of wind energy in The Netherlands is a
landscape in which various kinds of small wind parks are
spread randomly over the open polders, without any regional
arrangement.
In a society where the resistance against wind turbines is increasing, present allocation policies lead to even more negative thoughts. Negative thoughts about the ‘landscape pollution’ and expensive energy discourage further investments in
large wind parks. Fewer investments make that the price of
‘green’ energy stays high, which leads to even more resistance from society. There is a negative spiral concerning wind
energy. Both society and politics are losing there conﬁdence in
wind energy as a proﬁtable energy source.
At the moment the discussion about alternative energy sources in The Netherlands continues. However, because of all the
problems people have with them, wind parks seem to be no
serious solution anymore.
Personal statement
The problem concerning wind parks in the Netherlands is complex. It has to do with multiple actors like society, politics and
stakeholders which inﬂuence each other in a negative spiral.
As landscape architects we cannot change the attitude of people towards wind turbines in the near future nor are we able
to change national policy. The only place where we can break
through the negative spiral is at the level of the landscape.
Wind parks should be allocated in a more orderly way. When
larger wind parks are designed, the fragmentation of the Dutch
landscape will be less. Furthermore the aesthetic values of a
wind park in a landscape should be taken into account, which
means that a wind park has to be adapted to the landscape
where it is located.
We are convinced about the necessity of a landscape architectonic approach needed for a well considered allocation of wind
parks. With such an approach we are able to show both society and politics that wind turbines are not a ‘necessary evil’,
but ‘essential common goods’.
We suppose that we can increase the quality of wind park design in the Netherlands by developing a Landscape Based

1
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Strategy. With a successful landscape based allocation now,
the acceptance of wind parks can be increased in the future.

industrial landscapes. The selected wind parks are all located
in rural areas.

Object of research
The main goal of this thesis is to develop a Landscape Based
Strategy for the allocation of large wind parks in The Netherlands. With large wind parks, according to Dutch notions, wind
parks consisting of 15 or more modern turbines are meant. To
reach this main goal, different sub goals are deﬁned:
·
To make clear which landscape elements contribute
to an architectonic well-considered implementation
of large wind parks in the landscape
·
Propose suitable locations for large wind parks in
The Netherlands
·
To test the developed Landscape Based Strategy at
different locations in The Netherlands

The results of the ﬁeldwork have given good insight in the relation between landscape and wind park. In this thesis the
results are used to develop a Landscape Based Strategy for
wind parks in The Netherlands.
Three case studies at different locations in the Northern provinces of The Netherlands are completed to test and evaluate
the Landscape Based Strategy. At this point the scientiﬁc obtained data are linked to a more creative approach. The three
wind park designs show that the Landscape Based Strategy is
a valuable method to allocate large wind parks in a well considered way.

Because the aim of the research is to develop a Landscape
Based Strategy, it is important to gain insight in the relation
between landscape and wind parks.
Therefore the main question of this research is: How do spatial
landscape elements contribute to an architectonic well-considered implementation of wind parks?
To answer this question, different sub questions are deﬁned:
·
How does a wind park relate to the surrounding
landscape?
·
How do spatial landscape elements inﬂuence a
successful allocation of wind parks in speciﬁc landscapes?
·
Which landscape elements play a major role?
·
How does perception of scale and proportion play a
role?
To understand the relation between landscape and wind park
a comparative analysis of 20 wind parks in The Netherlands,
Germany and Denmark was done by visiting the parks in the
ﬁeld. Germany and Denmark have a more developed wind energy policy, therefore more, large wind parks are allocated in
these countries. Opposite to The Netherlands, wind parks are
located in different landscape types, spread over the countries, for example small-scaled and enclosed landscapes. Because these landscape types are highly comparable with Dutch
landscape types, wind parks in Germany and Denmark are
good resources to come up with useful data.
The amount of landscape types is limited. Off shore wind parks
are no part of this research. The same counts for urban and
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Thesis contents
This report consists of eight chapters:
Chapter 2 is a theoretical chapter. A short overview of the history of the modern wind turbine and some essential technical
backgrounds of wind turbines are given. Information about
wind energy in Europe, some theoretical background on the
perception of scale and proportions and the process of acceptance can be found in this chapter as well.
Chapter 3 describes the method, used to analyze the visited
wind parks in different countries in a scientiﬁc way.
A short description of all wind parks, illustrated with photographs and maps, is given in chapter 4. In this chapter the
wind parks are categorized by country. Chapter 5 contains all
conclusions, ﬁndings and theories, illustrated with drawings
and photographs. They are the result of the analysis of the
data obtained in the ﬁeld.
The Landscape Based Strategy is described in chapter 6. Besides a description in words, the Landscape Based Strategy is
also described in a schedule, which can also be found in this
chapter.
Three case studies are done in The Netherlands to evaluate
the Landscape Based Strategy. Together with a vision on wind
energy in The Netherlands, the case studies can be found in
chapter 7.
Chapter 8 contains the ﬁnal conclusion and recommendations
for further research.
This thesis is part of the major thesis of Jan Heersche and
Liezelotte Nagtegaal and the minor thesis of Martijn Franssen.
Chapters 1 till 5 are part of both the minor and major thesis
and created by all three of us. Chapter 6, 7 and 8 are part of
the major thesis and created by Jan and Liezelotte.

1
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Chapter 2
Theory

15

H

istory of modern wind turbines
In this paragraph a short overview of the history of wind turbines is given. The extraordinary growth of the technology,
the power and the height of the turbines is sketched from the
beginning of the 20th century till nowadays.
The ﬁrst wind turbine
Charles F. Brush (1849-1929) invented a very efﬁcient DC
dynamo used in the public electrical grid. During the winter
of 1887-88 Brush built what is today believed to be the ﬁrst
automatically operating wind turbine for electricity generation. It was a giant with a rotor diameter of 17 m. and 144
rotor blades made of cedar wood. The turbine ran for 20
years and charged the batteries in the cellar of his mansion.
Despite the size of the turbine, the generator was only a 12
kW model. This is due to the fact that slowly rotating wind
turbines of the American
wind rose type do not have
a particularly high average
efﬁciency. It was the Dane
Poul la Cour, who later discovered that fast rotating
wind turbines with few rotor blades are more efﬁcient for electricity production than slow moving wind
The ﬁrst wind turbine, Ohio
turbines.
Wind energy pioneers
The ﬁrst models of the ‘Danish concept’ (a three bladed machine) where heavily built concrete turbines, but these machines played an important role in the 1950s wind energy
study programme in Denmark.

Wind turbine in Nibe and the Gedser wind turbine, Denmark
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The engineer Johannes Juul, one of the students of Poul la
Cour developed the world’s ﬁrst alternating current (AC) wind
turbine. The innovative 200 kW Gedser wind turbine was built
in 1956-57 by Juul for the electricity company SEAS at Gedser coast in the Southern part of Denmark.
The three-bladed turbine was a pioneering design for modern
wind turbines. The turbine was stall controlled , and Juul invented the emergency aerodynamic tip brakes which were
released by the centrifugal force in case of over speed. Basically the same system is used today on modern stall controlled turbines. The turbine,
which for many years was the
world’s largest, was incredibly
durable. It ran for 11 years without maintenance.
After the ﬁrst oil crisis in 1973,
interest in wind energy grew in
several Western countries. Larger wind turbines were manufactured in Denmark, Germany,
Sweden, the UK, and the USA.
In many ways they suffered the
same fate as their even larger
colleagues abroad: The turbines
became extremely expensive,
and the high energy price subsequently became a key argument
The Darrieus machine
against wind energy.

Competition
A carpenter, Christian Riisager, built a small wind turbine in
his own back yard. Riisager’s turbine became a success with
many private households around Denmark, and his success
gave the present day Danish wind turbine manufacturers
their inspiration to start designing their own wind turbines
from around 1980.
Some designs, including the Riisager design were partly
based on solid experience from the classical Gedser wind turbine or classical slow moving multi-bladed American “wind
roses”, others were more revolutionary including vertical axis
Darrieus machines, machines using ﬂaps for power control or
hydraulics for the transmission system. Most machines were
very small by today’s standards, usually 5 to 11 kW.
In the end, improved versions of the classical, three-bladed
upwind design appeared as the commercial winner of this
wind competition.

Tvind
In 1975 the idea of building a wind turbine took shape in a
group of teachers at the ten schools of Tvind in Denmark.
Their aim was ‘to be in own control of the heating bill, to produce energy without polluting the atmosphere and as an argument in the energy debate’
The result of the project was a downwind machine which was
54 meters tall and had a rotor diameter of 54 meters as well.
The turbine had a capacity of 1 MW, but the public grid could
only take 450 kW of it, the rest was used to make hot water.
The turbine at Tvind is still running, the production capacity
on the electricity network will be increased to 1 MW by making a new frequency converter.

Turbine of Tvind, Denmark

The California Wind Rush
The 55 kW (hub height = 30m)
generations of wind turbines
which were developed in 1980 1981 became the industrial and
technological breakthrough for
modern wind turbines. The cost
per kilowatt hour (kWh) of electricity dropped by about 50 per
cent with the appearance of this
generation of wind turbines. The
wind industry became much
more professionalized. Literally
thousands of these machines
were delivered to the wind pro-

gramme in California in the early eighties.
The market for wind energy in the United States disappeared
overnight with the disappearance of the Californian support
schemes around 1985. Since then, only a little of new installations has been commissioned. Germany is now the world’s
main market and the country with the largest wind power
installation.

The 55 kW generation at Tehachapi pass, California

Modern Wind Turbines
In the ‘90s the wind turbine industry kept on growing in Europe. New models from different manufacturers appeared
with increasingly power.
The megawatt market really took off in 1998. Since then, it
has been clear that the market trend is towards bigger projects with bigger wind turbines.
Megawatt-sized machines will be ideal for offshore applications, and for areas where space for siting is scarce, so that
a megawatt machine will exploit the local wind resources
better. Around 2000 new prototypes appeared of 2 and 3 MW
turbines (hub height = 80m and 100m).

Future wind turbines
The worlds largest wind turbine is the E 112 from the
Friesian Enercon GmbH, a
company based in Northern
Germany.
The turbine has 4.5 MW of
power, a rotor diameter of
about 113 m and a hub
height of 120m. From August 2002 to December
2004 it was the biggest wind
turbine in the world. At the
end of 2005, it was uprated
to 6 MW.

2

Enercon E 112 in Wybelsumer
Polder, Germany

During the last 10 years the power and hub height of wind
turbines grew dramatically. It is expected that the power and
the height of wind turbines keep on growing.

Growth of Vestas turbines from 55 kW in 1981 to 3 MW in 2002
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echnical background
Although this research does not focus on the technical aspects of wind turbines, some technical background is needed
to understand more about wind turbines. Many facts and fables about wind energy are mixed up in public sources. Opponents and supporters both tell completely different stories
about wind energy. Therefore a short overview about the
technical facts of wind energy is included in this report to
understand the technique and the advantages of wind energy
better.

Components
Wind turbines consist of different components to create electricity out of wind. Below a short summary of the most important components is given.

The yaw mechanism uses electrical motors to turn the nacelle with the rotor against the wind. The yaw mechanism is
operated by the electronic controller which senses the wind
direction using the wind vane. Normally, the turbine will only
turn a few degrees at a time, when the wind changes its direction.
The tower of the wind turbine carries the nacelle and the
rotor.
A transformer is needed to make the electricity, produced
by the wind turbine, suitable for the public electricity network. Usually these transformers can be found next to the
turbine, but sometimes they are located inside the tower of
the turbine.

The rotor blades capture the wind and transfer its power to
the rotor hub. The hub of the rotor is attached to the low
speed shaft of the wind turbine.

3

2

The low speed shaft of the wind turbine connects the rotor
hub to the gearbox.

5
1

The electrical generator is usually a so-called induction generator or asynchronous generator. On a modern wind turbine
the maximum electric power is usually between 600 and
3000 kilowatts (kW).

The high speed shaft drives the electrical generator. It is
equipped with an emergency mechanical disc brake. The mechanical brake is used in case of failure of the aerodynamic
brake, or when the turbine is being serviced.
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The anemometer and the wind vane are used to measure
the speed and the direction of the wind. The electronic signals from the anemometer are used by the wind turbine’s
electronic controller to start the wind turbine when the wind
blows hard enough. The wind vane signals are used by the
wind turbine’s electronic controller to turn the wind turbine
against the wind, using the yaw mechanism.
The nacelle contains the key components of the wind turbine, including the gearbox, and the electrical generator.
Service personnel may enter the nacelle from the tower of
the turbine.

6

14

11

15

1 blades

6 gear box

11 nacelle

2 rotor

7 generator

12 high speed shaft

3 pitch

8 controller

13 yaw drive

4 brake

9 anemometer

14 yaw motor

5 low speed shaft

10 wind vane

15 tower

Technical components of a wind turbine
(source: www.powerhousekids.com)

Tower
The tower of the wind turbine carries the nacelle and the rotor. Towers for large wind turbines may be either tubular steel
towers, lattice towers, or concrete towers. Most large wind
turbines are delivered with tubular steel towers, which are
manufactured in sections of 20-30 metres with ﬂanges at
either end, and bolted together on the site. The towers are
conical in order to increase their strength and to save materials at the same time.
The price of a tower for a wind turbine is generally around 20
per cent of the total price of the turbine. For a tower around
50 meters tall, the additional cost of another 10 meters of
tower is about 15,000 USD. It is therefore quite important for
the ﬁnal cost of energy to build towers as optimal as possible.
Generally, it is an advantage to have a tall tower in areas
with high terrain roughness, since the wind speeds increases
farther away from the ground.
Obviously, you get more energy from a larger wind turbine
than a small one. If we consider the cost of a large rotor and
a large generator and gearbox, it would surely be a waste to
put it on a small tower, because we get much higher wind
speeds and thus more energy with a tall tower.
Manufacturers often deliver machines where the tower height
is equal to the rotor diameter. Aesthetically, many people ﬁnd
that turbines are more pleasant to look at, if the tower height
is roughly equal to the rotor diameter.
Blades
The number of blades on modern wind turbines varies from
one to three. Turbines with one blade are not very widespread, basically because of their noise and visual intrusion.

These turbines also need a counterweight in order to balance
the rotor. To yield the same amount of energy as a threebladed turbine, the rotation speed of turbines with one blade
needs to be higher.
A rotor with an even number of blades will give stability problems as well. The reason is that at the very moment when
the uppermost blade bends backwards, because it gets the
maximum power from the wind, the lowermost blade passes
into the wind shade in front of the tower.
In general, turbines with an odd number of blades are more
stable, they can be considered to be similar to a disc when
calculating the dynamic properties of the machine. From a
landscape point of view, three-bladed turbines provide the
most tranquil image compared with one or two-bladed turbines.
Most modern wind turbines are three-bladed designs with
the rotor position maintained upwind (on the windy side of
the tower) using electrical motors in their yaw mechanism.
This design is usually called the classical Danish concept, and
tends to be a standard against which other concepts are
evaluated. The vast majority of the turbines sold in world
markets have this design. The basic design was ﬁrst introduced with the renowned Gedser wind turbine. Another characteristic is the use of an asynchronous generator.
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Relative Generator and Rotor Size
The relative size between generator and rotor size differs
frequently. On one hand this has to do with the power output
of the generator inside the turbine. A taller and heavier generator requires more force to turn than a smaller one but it
will produce more energy when the wind blows harder. Their
capacity to convert kinetic energy to electric energy is higher.

Rotor blades taken away from the tower for maintenance, Rejsby Hede, Denmark
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On the other hand this has to do with the size of the rotor
blades, of which the taller ones will catch more wind and be
more proﬁtable.
A large set of rotor blades ﬁtted with a small generator will
be producing energy almost anytime the wind blows, but it
will capture only a small part of the energy content of the
wind at high wind speeds. A large generator will be very efﬁcient at high wind speeds, but unable to turn at low wind
speeds.
Clearly, manufacturers will look at the distribution of wind
speeds and the energy content of the wind at different wind
speeds to determine the ideal combination of the size of the
rotor and the size of the generator at different wind turbine
sites. Wind turbines located offshore normally consist of a
large generator with a smaller set of rotor blades, because at
sea it is windy all the day. Wind turbines placed on land are
usually comprised of smaller generators and larger rotor
blades.

Energy
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ity on the electricity network.
Turbines are barely out of production caused by technical
breakdown. On average, only 7 days per year, turbines does
not turn because of maintenance or breakdown. This means
that the availability of wind energy is 98%. A 2 MW turbine
produces yearly 5344 MW hour. This is the power of the generator multiplied by the amount of hours in a year and divided by the capacity factor. A turbine never produces on
maximum power but on average 30,5% is produced yearly.
This is the capacity factor of a wind turbine.
Energy balance
Modern wind turbines rapidly recover all the energy spent in
manufacturing, installing, maintaining, and ﬁnally scrapping
them. Under normal wind conditions it takes between two
and three months for a turbine to recover all of the energy
involved. After this period every produced kW hour is for
free. During the average lifespan of a turbine of 20 year, 80
times more energy is produces than is needed for the construction and maintenance.
These data are based on different life cycle analyses from
Denmark and Germany.

People often wonder if wind turbines are a good solution for
future energy supply. Below a short explanation is given
about the efﬁciency of wind energy.

Electrical grid

Production
A fossil or nuclear power plant is always producing energy,
they are not directly dependent on natural resources. Wind
turbines only work when there is enough wind. The more
wind, the more energy is produced.
A modern wind turbine starts to turn with a wind-force of 2
Beaufort. A wind-force of 2 Beaufort means that one can feel
the wind blowing in its face. The wind speed is about 1,6-3,3
m/sec, this is called a weak wind.
At 6 Beaufort, the maximum power of the turbine is reached.
With this wind-force, it is hard for a person to hold their umbrella, the wind speed is about 10,8-13,8 m/sec, it is called
a strong wind. If this wind-force holds on, a 1 MW turbine will
produce 1 megawatt hour (MWh) of energy in one hour. With
a wind-force of 9 or 10 the turbine stops turning automatically to protect itself against the strong wind forces. The
newest models, however, keep on turning with a wind speed
of 9 Beaufort, but somewhat slower. The moment of zero
power is postponed as long as possible to increase the stabil-

Wind energy matches electricity consumption
The vast majority of the installed power of wind turbines in
the world is grid connected. That means that the turbines
feed their electricity directly into the public electrical grid.
‘The ﬂuctuating character of wind energy causes technical
and economical problems’ is an often heard quote.
It is true that wind energy cannot be regulated as a power
plant. It can not react directly on the energy consumption
since wind speed and electricity consumption are not correlated. However, wind energy generally ﬁts well into the electricity consumption pattern. On a daily level the typical
weather pattern is that winds are low at night and higher
during the day. This ﬁts to the electricity consumption. During the day, the electricity consumption is low, while at night
it increases due to the usage of lights and technical machines.
Wind energy also matches consumption on seasonal level. In
temperate zones summer winds are generally weak compared to winter winds. Electricity consumption is generally
higher in winter than in summer in these regions. In the

cooler areas of the globe, electrical heating is therefore ideal
in combination with wind energy, because the cooling of
houses varies with the wind speed much like the electricity
production of wind turbines vary with wind speeds.
Just like harvest yields in agriculture, wind patters may vary
from year to year. Typically, the variations are less than the
changes in agricultural production. In the case of Denmark,
outputs from wind turbines only have a variation of some 9
to 10 per cent.

Environment
CO2 emission
In the Netherlands the avoided CO2 emissions by green energy sources are determined by the Protocol ‘Duurzame Energie’ of SenterNovem (2004). Per kW hour of electricity produced by wind energy 598 gram CO2 emission is avoided.
In Denmark wind energy saves mainly on energy from fossil
power plants.
Wind energy supplies 22% percent of the national electricity
consumption which is 45% of the reduction agreements. Per
kW hour of electricity produced by wind energy 780 gram
CO2 emission is avoided.
Birds and Wind Turbines
Birds are seldom bothered by wind turbines. Radar studies
from Tjaereborg in the western part of Denmark, where a 2
megawatt wind turbine with 60 metre rotor diameter is installed, show that birds tend to change their ﬂight route some
100-200 metres before the turbine and pass above the turbine at a safe distance. There are several examples of birds
nesting in cages mounted on wind turbine towers.
A study from the Danish Ministry of the Environment says
that power lines, including power lines leading to wind parks,
are a much greater danger to birds than the wind turbines.
Some birds get accustomed to wind turbines very quickly,
others take a somewhat longer time. The possibilities of
erecting wind parks next to bird sanctuaries therefore depend on the species in question. Migratory routes of birds will
usually be taken into account when siting wind parks, although bird studies from Yukon, Canada, show that migratory birds do not collide with wind turbines (Canadian Wind
Energy Association Conference, 1997).

Sound
Noise is a Minor Problem nowadays. It is interesting to note
that the sound emission levels for all new turbine designs
tend to cluster around the same values. This seems to indicate that the gains due to new designs of e.g. quieter rotor
blade tips are spent in slightly increasing the tip speed, and
thus increasing the energy output from the machines.
It thus appears that noise is not a major problem for the industry, given the distance to the closest neighbours (usually
a minimum distance 500 m).
No landscape is ever completely quiet. Birds and human activities emit sound, and at winds speeds around 4-7 m/s and
up the noise from the wind in leaves, shrubs, trees, masts
etc. will gradually mask any potential sound from e.g. wind
turbines. This makes it extremely difﬁcult to measure sound
from wind turbines accurately. At wind speeds around 8 m/s
and above, it generally becomes a quite abstruse issue to
discuss sound emissions from modern wind turbines, since
background noise will generally mask any turbine noise completely.
Sound reﬂection or absorption from terrain and building surfaces may make the sound picture different in different locations. Generally, very little sound is heard upwind of wind
turbines. The wind rose is therefore important to chart the
potential dispersion of sound in different directions.
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Shadow ﬂicker
Wind turbines, like other tall structures will cast a shadow on
the neighbouring area when the sun is visible. Living very
close to the wind turbine may be annoying if the rotor blades
chop the sunlight, causing a ﬂickering (blinking) effect while
the rotor is in motion.
A bit of careful planning, and the use of good software to plan
the wind turbine site can help to resolve this problem.
Shadow casting is generally not regulated explicitly by planning authorities. In Germany, however, there has been a
court case in which the judge tolerated 30 hours of actual
shadow ﬂicker per year at a certain neighbour’s property. In
the 30 hours, it appears, one should only include ﬂicker which
occur during the hours where the property is actually used by
people.
Fortunately, it is able to predict quite accurately the probability of when and for how long there may be a ﬂicker effect.
When a house is disturbed by shadow ﬂicker in the Netherlands, often the wind turbine is stopped at that certain moment.
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W

ind turbine siting
In this paragraph a short description is given about the practical aspects of wind turbine siting and regulations in The
Netherlands .
It might be clear that wind turbines have to be placed at
windy areas. Sometimes indications about how windy an area
is, are given by the nature and the landscape itself. Think for
example of heavy planting around farms for protecting them
against wind. In very windy areas trees and shrubs are sometimes even formed by the wind.
In order to catch as much wind as possible, open landscapes
with ﬂat and smooth surfaces are preferred for the implementation of wind turbines. The more objects on the surface,
the more the wind will slow down. Unless every object will
slow down the wind somewhat, some objects have a larger
impact than others. Forests and large cities, for example,
decreases the wind force considerably, while water surfaces
hardly have any inﬂuence.
Therefore, if turbines are placed in rough terrains, they will
not be able to yield the maximum amount of energy out of
the wind.
However, larger turbines will be less inﬂuenced by the roughness of the terrain, since at a height of about 80 meters the
wind is hardly inﬂuenced by objects on the surface.
The ‘park effect’
All turbines have to be connected to the electrical grid, in
order to make the produced energy consumable. When turbines are grouped in a wind park, which is often done, the
costs of connecting it to the electrical grid are less than the
costs to connect a number of loosely scattered turbines to
it.
However, a wind park also has its disadvantages. For a wind
turbine in a park, the other turbines within the park are obstacles which slow down the wind, like all other objects. This
is logically, since each turbine pulls energy out of the wind
and converts it to electricity.
This is called the ‘park effect’ and causes energy loss. To
minimize this loss of energy there needs to be a minimum
space between the turbines. As a rule of thumb, a distance of
5 times the rotor diameter between turbines is enough, but
distances can vary, depending on the prevailing wind direction.
A distance between 5 and 9 times the rotor diameter can be
used in the prevailing wind direction, while a distance between 3 and 5 times the rotor diameter is enough in the direction perpendicular to the prevailing winds.
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Regulations by law
A wind turbine produces noise, which can cause inconvenience for people living next to it. In The Netherlands the
distance between a wind turbine and houses, farms or villages is determined by the ‘Algemene Regel van Bestuur’
(AMvB) and should be at least 4 times the hub height of the
turbine.
It is also possible that people are incommoded by shadow
ﬂicker, caused by the moving rotor blades. The same AMvB
determined that if people live at a distance less than 12 times
the rotor diameter from the turbine and ﬂicker is caused over
17 days a year, more than 20 minutes a day, the turbine
should be equipped with a system which stops the turbine
automatically. The amount and the duration of the shadow
ﬂicker can be calculated by special models.
The ‘Wet op de Ruimtelijke Ordening’ created a regulation in
which people get paid when damage is caused by the allocation of a wind park. In most of the cases damage means a
decrease of the value of real estates.

Wind swept trees

2

Wind blowing around an obstacle
(Source: windpower.org)

The park effect
(Source: windpower.org)
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olicies in Germany, Denmark & The Netherlands
Wind is a relative new energy source. Like all new products it
suffered a large trail of technically and economically development. New products always have higher production costs
than beneﬁts at the start phase. After a few years, production costs decrease and beneﬁts increase, the so called ‘learning curve’. When a product becomes proﬁtable it can act on
its own. The same counts for wind energy. In its starting
years, energy produced by wind turbines was very expensive. High production costs of the wind turbine itself but also
the installation of roads and power networks compared to
limited proﬁts, made wind energy much more expensive than
electricity from power plants.
To stimulate this expensive source of energy and to decrease
production costs investments had to be made. Therefore allowances were necessary. Allowance gave the wind industry
a chance to go trough the ‘learning curve’, to decrease production costs and consequently increase proﬁts.
Success on wind energy is mainly based on good subsidy
regulations. The three countries visited for this research all
have their own regulations and policies.

the Milieukwaliteit Energie Productie (MEP).
During these years the compensation tariffs changed many
times which caused stagnation on the wind energy market.
Only the years of a relative stable policy with predictable side
conditions and high kW-hour production compensations
caused large developments on wind energy till 2002.
Nowadays the MEP regulation has to stimulate wind energy.
In 2006 the owner receives for every produced kW-hour 6,5
eurocent for maximal ten years.
This subsidy will change every year based on a cost-beneﬁt
analysis of wind energy compared to ‘grey’ energy. New tariffs are ﬁxed for only two years.
This policy causes much insecurity since the development of
projects takes at least 2 years. And for sure the MEP subsidy
will decrease every year because of increased ‘grey’ electricity prizes.
Beside insecure subsidy regulations, the spatial policy of
provinces and municipalities slow down the implementation
of wind turbines dramatically.

Netherlands
The Netherlands have a large coastal zone and therefore a
good climate for wind energy. Since the public resistance
against nuclear power stations and insecurity on fossil energy resources, wind energy seems to be a logical answer for
future energy supply.
Because of the Kyoto pact, the Dutch government implemented the Bestuursovereenkomst Landelijke Ontwikkeling
Windenergie (BLOW) agreement with the aim of 1500 MW
capacity on land in 2010 and 6000 MW capacity offshore in
2020. In 2005 the total installed capacity on land was 1.219
MW, which makes it only 2% of its total electricity needs. Two
offshore wind parks are to be developed in the North Sea.
Insecure policies
The ﬁrst wind turbines appeared in the Dutch landscape
around the 1980’s, owned by farmers.
Since 1986 many rules and subsidy regulations have been
implemented, mainly investment allowances and a compensation on the price per produced kW-hour. A short summary
of allowances in the Netherlands: in 1986 Integraal Programma Windenergie (IPW) and Milieu Premie Windenergie (MPW),
from 1991 till 1995 Toepassing Windenergie In Nederland
(TWIN), from 1996 till 2003 Ecotax and from 2003 till now
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3.122
1.219
18.428

1.717
10.027

Wind power installed in Europe by the end of 2005 , the ﬁve
countries with the highest amount of wind energy: 1. Germany, 2.
Spain, 3. Denmark, 4. Italy and 5. The Netherlands (source EWEA)

Germany
West Germany has been promoting nuclear energy as an alternative energy source since 1955. The ability to control
nature and natural science was regarded as modern and
prestigious. In addition to this, German coal was regarded as
on the way out and was no longer competitive on the world
market.
Nowadays the German government wants to reduce the dangers of atomic energy, and satisfy the Kyoto pact and EU
guidelines, with a new direction in their energy policy. Wind
energy occupies special importance in German energy planning: By 2020, wind parks on land and at sea can supply 20
percent of the power consumed in Germany.
Since the positive view on wind energy, the growth of it in
Germany has extended every other country in the world. The
cumulative installed capacity was 18.428 MW in the year
2005, making it 6% of its total energy supply.
Investment allowance
The use of wind energy has made enormous progress since
1991. The ‘Bundestag’ implemented the electricity feed in
law (stromeispeisungsgesezt) which guaranteed owners an
income. For every kilowatt-hour of power fed into the grid,
from a wind turbine erected in 2006, they receive 8.36 cents
from the local grid operator at least for the ﬁrst ﬁve years
and 5.28 cents next years. About one-half of the operators
are landowners and farmers.
Regulated by the state, every municipality has to implement
x% of green energy. If they do not choose locations themselves, the state will choose a location.
Since the feed in tariff for new installations decreases by
about 3.5 percent per year in real terms, in ten years wind
power will already be cheaper than fossil fuel power. The
German EEG is a success story and is used as a legislative
model for other countries in the world.

Denmark
Denmark has, like The Netherlands, the right climate for wind
energy. Wind strength hardly diminishes between the North
sea and Baltic sea. It is not strange that in this country without other energy resources wind energy became very successful. Denmark pioneered wind energy in 1970 and is, relatively, the largest player in the world. With an installed

capacity of 3.112 MW wind energy produces 20% of its electrical needs.
Nowadays old wind turbines are replaced gradually by 2 MW
turbines. Thanks to the replacing strategy on land and offshore wind parks, the government ofﬁcial Energy Action Plan
expects 50 % of Denmark’s electricity will be produced by
wind turbines in 2030.
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Stability
A high percentage of electricity from wind energy is possible
in Denmark because of electricity trade with Sweden and
Norway. Wind energy from Denmark can be balanced by coupling it to hydro-electric power systems abroad. Excess wind
energy in Denmark will offset hydro-electric generation elsewhere in Scandinavia. Energy from good wind years will be
stored as water in reservoirs behind dams.
The water can be released when there is a shortage of energy in Denmark. These exchanges of renewable energy will
ensure that there is never a shortage of power in Denmark
caused by ﬂuctuations in the wind.
Cooperation policies
Many of the turbines in Denmark are owned by individuals or
owned by cooperative associations (participation projects).
Consequently, many Danes are socially and economically
connected to wind power. Public involvement and investment
has been crucial for its expansion and acceptance.
A wind park cooperation is made up of several small investors. Only citizens of the district where the wind park is located are allowed to invest. There is also a limit on the
amount any one investor may own in a cooperative wind
park. These rules guarantee decentralized ownership. Big investors from outside the district are kept out. Another big
advance of participation projects is a lower energy bill for the
participants.
Government support wind energy by investment allowances.
Large companies prefer to build larger wind parks of 20 to 50
wind turbines. Since plans on land encountered strong local
resistance these companies turned their graze toward the
sea, where fewer private investments are involved.
Wind turbines in Denmark are widely accepted. They are
seen as an integral part of Denmark’s culture landscape.
They are viewed as a technical manifestation of the common
whish to reduce pollution.
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Denmark

Germany
The Netherlands

Distribution of wind parks in The Netherlands, Germany and Denmark
(source: Pasqualetti et all, Wind power in view and home.wxs.nl/~windsh/basics.html)
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cceptance
Unless the vast majority of people think positive about wind
energy as phenomenon, this clean energy resource still has
a hard time to survive.
Usually wind power is felt rather than seen, but wind turbines
all of a sudden make it strikingly visible. The spatial characteristics of wind turbines cause resistance among people.
When they were described as ‘lavatory brushes in the air’ the
wind industry knew it had a ﬁght on its hands.
According to Maarten Wolsink, who observed the Not In My
Backyard (NIMBY) phenomenon in The Netherlands, most
opposition comes from seeing wind turbines in the landscape.
He thinks that people unconsciously realize that opposition
on aesthetic grounds is subjective. This is why they opposite
against more ‘touchable’ aspects as noise, shadow ﬂicker and
dead birds (Pasqualetti et al, 2002).
Another researcher, Robert Thayer from the University of
California, also found that the visual quality of wind energy
acquired less support than any other aspect.
The reaction of the wind industry was a series of initiatives to
show the ‘positive face’ of wind energy: it produces no toxic
waste, no radiation, no acid rain, no greenhouse gases, no
thermal discharges and no irreversible landscape changes
(Pasqualetti, 2001).
Nevertheless, a wind turbine will always be highly visible,
there is nothing the wind industry can do about that. This is
why, according to Thayer, wind developers must somehow
enfranchise their ‘visual consumers’, those neighbouring residents who will be looking at the wind turbines in the landscape, in order for a wind park to succeed (Gipe, 2002).
Unless the opposition against wind energy, research suggests
that public reactions to wind power tend to progress toward
approval, rather than opposition. Research studies show that
the vast majority of the people who live in areas with wind
parks are pro-wind power. In fact, people who live close to a
wind park and thus have the experience of the wind park
working, are more positive than those who do not have a
wind park near them (Simon, 1996).
An example of the growing acceptance of wind energy can be
found in the United States, where in north Palm Springs several new houses have been built squarely among the wind
turbines.
Other signs also point to a public adjusting to wind energy
landscapes. One of them is the so called ‘wind tourism’. Many
people stop when they see a wind park to photograph the
wind’s new and evocative landscape of power. In England,
“wind tourism at Delabole (Cornwall) attracted 100,000 visi-

tors in its ﬁrst year of operation, providing free and open
access, complete with paths to facilitate tourist walks around
the wind generators. Such reactions, plus the responses to
several surveys, suggest that the public reaction to wind
power is more positive than negative” (Pasqualetti, 2001).
“Public opinion shapes policy, while aesthetics shape opinion”
(Gipe, 2001). Landscape architects can use aesthetics to
maximize acceptance. It is, in this case, not only about the
aesthetics of the turbines, but also about the aesthetics of
the wind park as a whole.

2

High
Pre project
Percent acceptance

A

Post installation

During project

Low
Time

The acceptance curve when a wind park is placed in a neighbourhood (source: Arkesteijn, 1992)
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cale & Proportions
‘Wind turbines have to be placed in large, open areas like
polders, because those are the only landscapes they ﬁt into’
and ‘it is impossible to implement wind turbines in smallscaled landscapes, because they are far too big’.
This are often used quotes when people talk about the implementation of wind turbines in the landscape.
Apparently, scale and proportion are important for people,
and it is not only about scale and proportion between landscape and wind turbine. Scale and proportion within a wind
turbine are important as well.
In this chapter some background information on scale and
proportion will be given.
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Scale and proportion
When people talk about the scale of an object, they talk about
the size of it compared to a reference standard or to the size
of another object nearby.
Proportion refers to the proper or harmonious relation between elements within an object, for example between the
tower of a wind turbine and its rotor. But proportion can also
refer to the relation between objects, for example between a
house and a tree.
Scale and proportion are closely related to each other. This
relation can be seen in the description of the word ‘scale’ in
a Dutch dictionary. Here it is described as ‘in the required or
desired proportion’ (Van Dale).
The relation between the size of spaces and objects within a
certain order makes them for the eye ‘measurable’. The spectator is able to relate them to a certain standard, for example
the size of the human body.

Scale and proportion in history
The discussion about scale and proportion is not new. We all
know the drawing, made by Leonardo da Vinci, called ‘Vitruvian man’. This famous picture is made around the year 1490
and can be seen on post cards, T-shirts et cetera. It shows a
male ﬁgure in two superimposed positions with his arms
apart and simultaneously inscribed in a circle and a square.
Leonardo da Vinci made the drawing as a study of the proportions of the (male) human body. It is based on what the
ancient Roman architect Vitruvius wrote about these proportions in part 3.1.3 of his book ‘De architectura’. Here he
writes: ‘Now the navel is naturally the exact centre of the
body. For if a man lies on his back with hands and feet outspread, and the centre of a circle is placed on his navel, his
ﬁgure and toes will be touched by the circumference. Also a
square will be found described within the ﬁgure, in the same
way as a round ﬁgure is produced. For if we measure from
the sole of the foot to the top of the head, and apply the
measure to the outstretched hands, the breadth will be found
equal to the height, just like sites which are squared by
rule’.
Vitruvius wrote his book around the ﬁrst century before
Christ. In this book he gives the following deﬁnition of proportion: ‘Proportion consists in taking a ﬁxed module, in each
case, both for the parts of a building and for the whole, by
which the method of symmetry is put into practice’. He aims
that ‘if nature planned the human body so that the members
correspond in their proportions to its complete conﬁguration,
the ancients seem to have had reason in determining that in
the execution of their works they should observe an exact

The bridge is out of proportion with the small gutter, Valkenburg

Scale model of a car

The remarkable algebraic and
geometric properties of the Golden Section are the reason why it
is often used in architecture. But
it can also be found in structures
of many living organisms. Progressions based on the Golden
Section are additive and geometrical at once.

Leonardo’s Vitruvian man (source: http://www.visi.com/~reuteler/
leonardo.html) and Corbusier’s Modulor (source: Le Corbusier, Der
Modulor)

adjustment of the several members to the general pattern of
the plan. Moreover, they collected from the members of the
human body the proportionate dimensions which appear
necessary in all building operations’.
The architect Le Corbusier (1887-1965) was also interested
in proportions and the human body. ‘Zum ersten mal verwandle ich Dimensionen in Proportionen, und was für proportionen! Die des Menschen, für den wir arbeiten’ (For the First
time I was able to transform dimensions into proportions,
and what kind of proportions! The ones of people, whom we
are working for). Le Corbusier created the so called ‘Modulor’
which is a way to divide the human body in Golden Section
proportions. The sequence of measurements he created in
this way was the basis for a lot of the buildings Le Corbusier
made.
The Golden Section
An ideal proportion for many people is the so called ‘Golden
Section’. As mentioned before, the Golden Section was the
basis for Le Corbusier’s ‘Modulor’.
The Golden Section is the ratio between two lines, in which
the lesser of the two (A) is to the greater (B) as the greater
is to the sum of both lines (A+B).
Algebraically it can be described as:
A/B=B/A+B
If the sides of a rectangle are proposed according to the
Golden Section, the rectangle is called a ‘Golden Rectangle’.
If its smaller side is used to create a square within the rectangle, the remaining part forms another Golden Rectangle.

2
Try to estimate the size
of this stone

Sometimes the Golden Section is used in the design of wind
turbines as well. In this case, the size of the tower is 1,2
times the size of the rotor diameter of the turbine. However,
this proportion will in the ﬁeld often be seen as a 1:1 proportion.

AB + BC = CD
BC + CD = DE
.... etc
AB/BC = BC/CD = CD/DE ...... etc.

The Golden Section (source: Ching, F, Architecture, Space and
Order)
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Scale and proportion in architecture
‘Man is the measurement of all things.’ These are the words
of the Greek philosopher Protagoras (± 490 - 420 B.C.), who
meant to say that whatever is right or wrong, good or bad,
always have to be judged according to man’s needs. But this
quote is, in a way, also valid in architecture. As we already
saw, both Vitruvius and Le Corbusier were looking for a way
in which the human body could play a role in the architecture
of buildings.
The search for ‘right’ proportions in architecture is not only
about abstract or symbolic ratios, it is also about functional
ones. Since forms and spaces in architecture can be considered to be ‘extensions’ of the human body, they should be
determined by its dimensions.
The role of the human body can, for example, be found in the
use of man’s theoretical six foot height throughout a design
(Licklider, 1965).
As soon as the human ﬁgure and other objects with recognizable size look normal in it and against it, a building is in ‘human scale’ (Licklider, 1965).
Visual scale
Visual scale does not refer to how small or how big an object
is, but to how small or how big it appears to be compared
with other things in its context.
In our memory we have a huge database which contains
many known measurements: we know the height of a car, a
tree, a three story building, et cetera. We are building on this
database during our whole live and for everyone it will look
different. For example, for a farmer it will be easier to estimate the size of a parcel than it is for a lay person. The reason is that a farmer works on comparable parcels almost
every day.
Everything we see is compared with the measurements in
our head and with other things we see at the same time. The
relative size of an object can change if elements around it

The rectangle is perceived as a two meter high wall
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The estimated
size of the stone
might change
when it can be
compared with
another object, in
this case an apple

change. The same rectangular ﬁgure is interpreted variously
when different objects are placed next to it. Is a man standing next to it, it will look like a 2 meter wall, but when a milk
bottle is standing next to it, it all of a sudden shrinks to about
30 centimeters. We know the size of a milk bottle, so we are
able to measure the rectangular shape.
Try to estimate the size of the stone on the picture. On the
next page you will ﬁnd the same stone, but now related to a
known object.
Estimating heights
People are pretty good in estimating sizes and distances relative to our selves when the person and what is measured are
close to us. For long distances and big buildings, however, it
is extremely unreliable.
This is also valid for estimating the height of a wind turbine.
They are too large for us to measure properly. Standing in a
landscape it is hard to estimate the height of a turbine. An
extra complication is that a wind turbine has no standard
size. They can be 40, 50, 70 or even 100 meters high, but
they all have the same shape. Only people with knowledge of
different types of wind turbines will see in small details which

The rectangle is perceived as 30 centimeter box

kind of turbine they are looking at.
When estimating the height of a tree, the same problem appears. All trees have more or less the same shape, a child will
always draw a circle as crown and a vertical line as trunk, but
they vary in height from 15 to over 40 meters.
Is an object too large to measure at once, the spectator will
focus on divisions of the object. One will estimate the height
of an apartment building by counting ﬂoors and multiplying
them with 3, the estimated height of one ﬂoor.

A large object without any units or divisions appears to be
enigmatic. Normally, when there are no other objects nearby,
more divisions will make an object look larger.
For estimating the height of undivided objects, for example
wind turbines, other objects are necessary. The height of a
wind turbine can be estimated when a tree is standing next
to it by ‘calculating’ how many times the tree ﬁts in the turbine. Dependent on the species the size of the turbine can be
estimated.

2

The height of a wind turbine is difﬁcult to estimate

All trees have more or less the same shape but their height vary enormous
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riteria for selecting wind parks
The ﬁeld of research is roughly framed and described in the
ﬁrst chapter of this report. In this chapter the object of research and the study area are elaborated and clariﬁed in order to get the right data out of the ﬁeld research.

The object of research
In order to deﬁne the object of research two important terms
have to be framed some more. The main goal of this research
is to develop a Landscape Based Strategy for large wind
parks in The Netherlands.
The ﬁrst term which has to be framed is landscape:
Landscape has a broad deﬁnition. In principle everything can
called landscape, both urban- and rural areas. Furthermore,
landscapes differ per country. The three countries which are
part of this research consist of ﬂat landscapes but also of
hilly- and even mountainous landscapes. Because this research has to come up with a strategy for the Netherlands
only Dutch landscape types will be investigated. When considering the Dutch landscape most of the types are ﬂat. Only
in the south of the province Limburg hills can be found. In a
composition of landscape elements with a wind park relief
can have a totally different effect on the wind park. In order
to compare different compositions as optimal as possible,
only the ﬂat and slightly sloping landscapes will be investigated.
Furthermore, the urban and industrial landscapes are excluded from this research. In the three countries part of this
research, existing wind parks are mainly located in rural areas. Although urban landscape can be an interesting object
of research, in this research only wind parks located in rural
areas are selected.
At last off shore wind parks are not part of this research. Sea
is not considered as landscape type.
The second term which has to be framed is large wind park:
The term ‘large wind park’ is dubious. Large can both aim at
the amount of megawatts that can be produced and at the
amount of turbines which form a wind park. Although the
amount of megawatts is also important in business and politics, this variable is not part of the investigation. The amount
of produced power is not directly visible in the landscape, but
indirectly reﬂected in the size of the turbines. After all, the
landscape architect is not a civil engineer but a designer
whose work primarily exists of ‘shaping the environment’.
The amount of produced energy in this research is inferior to
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the shape and size of a turbine.
In this research project large is interpreted as a deﬁnition of
the amount of turbines being part of a wind park. In The
Netherlands a wind park practically never comprises of more
than twenty turbines and the vast majority of the parks does
not even exceed the amount of ten. Many turbines are positioned as a solitaire, for example on farmyards in the north
of the country. Groups of two to ﬁve turbines are also common. Reviewing sizes of wind parks in other countries shows
that there are many differences in large wind parks. For example, in the United States of America one can ﬁnd wind
parks existing of hundreds of turbines. In our opinion, these
are the so called wind farms, being the main economic activity in the area.
Considering the countries that are part of this investigation
one can say that the large wind parks in Germany and Denmark consist of more turbines than in The Netherlands. Wind
parks with over ﬁfty wind turbines can be found, however in
general the parks consist of ﬁfteen to thirty turbines.
In this research a large wind park is one consisting of 15 turbines of more.

The study area
The study area of this research project consists of The Netherlands, Denmark and the north-eastern part of Germany,
consisting of the federal states Nordrhein Westfalen, Niedersachsen and Schleswig Holstein.
The investigation in these three countries is made because of
a sum of reasons.
First of all this research project aims to ﬁnd solutions to allocate more large wind parks in The Netherlands. The majority of larger wind parks are concentrated in the western
countries, especially the United States of America and some
European countries.
It has to be said that Denmark and Germany are two of the
most progressive countries in the world when speaking of
producing energy out of the wind. Compared to The Netherlands larger wind parks with taller turbines can be found in
these countries. The people of Denmark get approximately
about twenty per cent of their total electric energy out of
wind turbines. Germany produces the highest amount of
megawatts out of wind turbines. Investigating wind parks in
Germany and Denmark gives a broader image of the relation
between wind parks and landscape.

3

Map of Europe

Culture landscapes in Europe (source: Wijermans en Meeus, 1991)

Geology map of Europe (source: Ian West, 2001)

Wind map of Europe (source: DWIA, 1999)
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Second, the selected countries are all positioned in the same
geographical region. Considering the aim to come with recommendations to allocate large wind parks in landscapes in
The Netherlands, acquiring data in more or less comparable
landscapes can be a good starting point. Also important is
that in Denmark and Germany wind parks are not only allocated in mostly open areas like in The Netherlands, but can
also be found in landscapes with more enclosed areas.
The Netherlands, the north-eastern part of Germany and
Denmark are all part of the same geographical region. This
region is gathered around the North Sea and can be distinguished as the ‘youngest landscape’ of north-western Europe. The geological map shows deposits dating back to the
Quartiairy. Instead of the most countries of Europe where the
latest deposits mainly consist of rock formations, the deposits of this region consist of clay and sand. As a result of this
the terrains are mostly ﬂat or hilly with relatively little differences in altitude.
A map of the cultural landscapes of north-western Europe
made by the Dutch Ministry of Agriculture, Nature and Fishery shows that the landscapes of The Netherlands and the
north-eastern part of Germany are fairly comparable. The
coastal areas consist of polders, the inland areas of ‘kampen’.
The landscape of Denmark also contains some polders and
further consists of ‘bocages’ and former open ﬁelds.
Third, when looking at the wind map of Europe all the coastal areas are by far the regions with the best wind conditions.
The western coasts of Europe are inﬂuenced by the Atlantic
winds, the North Sea winds affect the coasts gathered around
it. Therefore most wind parks can be found around the coast
of the North Sea.
Considering all these facts, the study area of this research
project consists of The Netherlands, Denmark and the northeastern part of Germany, consisting of the federal states Nordrhein Westfalen, Niedersachsen and Schleswig Holstein.

Towards a selection of wind parks
To select interesting wind parks for the research in the ﬁeld
different sources are used to collect data. The most important data needed about each park are; the exact location of
the park, the amount of turbines it comprises of, the hub
height of the turbines, the lay-out and the characteristics of
the surrounding landscape.
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Out of the data a ﬁnal selection of wind parks is made. This
selection is based on the following criteria;
Amount: A park consists of ten turbines or more
Hub height: The hub of the turbines is forty meters
or higher
The amount is set on ten turbines or more. This is because of
the relative smallness of wind parks in The Netherlands. With
an even higher amount of turbines almost no wind park in
The Netherlands can be selected at all.
The hub height is set on forty meter. The reason why the hub
height is not set on eighty or hundred meters is because of
the older wind parks in Denmark. The country has many wind
parks which are interesting to investigate in terms of surrounding landscape and number of turbines, but many times
the turbines do not exceed the height of ﬁfty meters.
An exception is made for the parks of Urk and Midlum . The
hub heights here are only thirty-ﬁve meters, but their extraordinary amount of turbines, either ﬁfty or more, has been
the reason that these parks are investigated as well.
Unfortunately a research on large wind parks with large wind
turbines is not possible. Nevertheless, the ﬁnal selection of
wind parks can be a good starting point to investigate how
large amounts of turbines interact with their environment. It
also might be possible to extrapolate the conclusions brought
up after ﬁeld research, to allocate even bigger, not yet existing turbines in the future.
After selecting all the wind parks corresponding with the selection criteria, especially for The Netherlands and Denmark
the list of wind parks was too long. Because only three weeks
of ﬁeld research is scheduled and in one day only one wind
park can be analysed, a ﬁnal selection is made based on differences in landscape found on topographical maps. Instead
of the other selection criteria which are based on quantitative
measurements, this ﬁnal selection is made by considering
and discussing differences in landscapes. The intention is to
investigate as much as possible different landscape types,
but also to be able to compare similar landscapes with each
other. In this way groups of more or less comparable landscape are made, each occupied by different arrangements of
wind turbines. This method can be seen as not purely objective, but within the time available for this project this is the
fastest and yet most reliable way of making a ﬁnal selection.
Simply there is no time to study almost hundred landscapes
with wind parks this thoroughly.

For each country the selection of wind parks works out differently. Below a short sketch of how the data are collected.
The Netherlands
In The Netherlands all information about existing wind parks
is brought together on the internet site of Wind Service Holland. Although this web site offers a map of all wind parks in
the Netherlands with speciﬁc information about the location
and technical data of the wind park, detailed information
about the lay out of existing wind parks has not been found.
The lay out of some wind parks can be found on topographical maps and aerial photographs but the newest parks are
not visible on any map.
A more recent map of wind parks in Flevoland gives more
information about the lay outs but the exact location of every
single wind turbine have been determined later in the ﬁeld.
The landscape types can be derived from the Topographic
Atlas 1:50.000.
Denmark
After contacting the Danish ministry of environment a database is sent with information about all the turbines in this
country. This database offered all the information needed,
simply by choosing the right variables. By clicking on the selected turbines in the database a link to a hidden web site of
the ministry is opened. On this web site, a map of the exact
location of the selected turbine is shown.
Germany
Acquiring information about German wind parks after all appeared to be the hardest. Several federal states in the northern part of the country are contacted, but none of them could
give us the information needed. Each federal state has its
own database which is, in most cases, not public. Different
organizations are contacted but none of them is allowed to
give any information. After ﬁnally being referred to the German wind association, a list with the biggest wind parks in
Germany is offered. In this list only names are offered without a clear deﬁnition of what is meant with a big wind park.
An intense search on the internet in which all data come from
another web site make it possible to get a more or less deﬁnite list of large a wind parks. Google Earth is used to ﬁnd the
exact locations of each wind park. For some areas aerial photographs are very useful but sometimes they are not bright
enough to see clear details like a wind park. And again, the
newest wind parks are not included. Unfortunately many data

about, for example hub height and exact location, are still
missing after the search. Also the landscape types were difﬁcult to ﬁnd without a proper atlas or map.
Finally a more or less deﬁnite list of large a wind parks is
composed out of which a ﬁnal selection is made.
Final selection
In this report the wind park are named after the municipality
they are located in. In one case there are two wind parks
located in the same municipality. The two parks of Aalborg
are divided by a north and south annotation.
In table 3.1, the ﬁnal selection of wind parks is given.

Municipality

Name
park

of

3

wind Province

Netherlands
Almere

Jaap Rodenburg

Flevoland

Dronten

Tochten

Flevoland

Franeker

Bjirnum

Friesland

Goes

Willem Anna

Zeeland

Polder
Urk

Westermeerdijk

Flevoland

Zeewolde

Dodaarsweg

Flevoland

Apensen

Apensen

Stade

Bippen

Vechtel

Osnabück

Dahlenburg

Dahlenburg

Lüneburg

Emden

Wybelsum

Emden

Esens

Utgast

Wittmunt

Midlum

Midlum

Cuxhaven

Aalborg North

Stenis Enge

North-Jylland

Aalborg South

Ny Vra

North-Jylland

Brovst

Nørre Økse Sø

North-Jylland

Fjerritslev

Klim

North-Jylland

Højer

Rejsby Hede

South-Jylland

Mariager

Overgård Gods

Aarhus

Rougsø

Hollandsbjerg

Aarhus

Ulfborg

Øster Bur

Ringkøbing

Germany

Denmark

Final selection of wind parks in the study area
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atogorizing landscape types
In this paragraph the main steps of how to come to a categorization of different landscapes are mentioned in chronological order.
Landscape and landscape elements
In this research project landscape is interpreted as the sum
of all visibly tangible landscape elements. On different scale
levels there can be distinguished different landscape elements. For example the elements that form the landscape of
someone his backyard comprises of a terrace, a single tree,
some shrubs and ﬂowering plants. The scale level of this research project focuses on landscape elements that can be
distinguished on a regional scale level. This landscape does
no longer primarily exist of single trees and shrubs. Landscape elements distinguished on a regional scale level exist
of larger hedges and groups of shrubs, wood banks, woodlands and larger man made elements like roads, houses,
dikes and wind turbines.
Vertical landscape elements
Vertical landscape elements, also called mass elements, are
characterized by a clear vertical dimension. In this way they
are comparable with modern wind turbines. In general it can
be said that all elements that rise above eye level can be
regarded as vertical landscape elements. Examples of these
elements are woodland, wood banks, dikes, buildings, power
pylons and wind turbines.

Landscape types
The acquired data on wind turbines and landscape elements
are collected in different types of landscape. Those landscapes differ in type, amount and dispersal of (groups of)
landscape elements. Differences in landscapes are important
variables because it inﬂuences the perception and with that
the appreciation of turbines allocated in those landscapes.
One of the most argued aspects of wind turbines in the landscape is their visibility. This visibility is related to the amount
and size of mass elements and their dispersal in the direct
surrounding of the turbines. Or, reasoned the other way
around, the size of the spaces formed by the mass elements.
The turbines are always viewed in relation to these mass elements, just like all landscape elements are related to each
other. A wind park always will form a composition with surrounding landscape elements; regardless this composition
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appears to the viewer as pleasant.
To go short, it can be said that the size, amount and dispersal
as well as the relative position of landscape elements to the
wind turbines will determine how the wind park and the landscape are perceived and appreciated.
The Matrix
In order to come up with speciﬁc instead of more general
recommendations of how to allocate future wind parks in the
landscape, a method to deﬁne and categorize landscapes is
developed. This method, the so called Matrix, is based on the
scale and openness of the surrounding landscape. After all,
differences in scale and openness are caused by the size,
amount and dispersal of mass elements.
The scale is deﬁned by the size of the mass elements found
in the landscape; the openness is set by the amount of mass
elements. In this way a matrix is developed, existing of sixteen compartments. On the x-axis the scale of the landscape
varies from small scaled to extremely large scaled. On the
y-axis the openness varies from completely open to fully enclosed. Each combination of the two axes offers a speciﬁc
type of landscape.
The choice of a certain compartment in the Matrix can be
questionable. Therefore, a short study of the landscape classiﬁcation of Bijhouwer is executed. In this study mass-space
maps of characteristic Dutch landscapes as distinguished by
Bijhouwer are compared with each other. For each of those
characteristic landscapes a mass-space map is made (scaled
1:50.000). These maps cover an area of six to six kilometers.
In this way, a transition is made from the classical classiﬁcation to a classiﬁcation that is based on the size, amount and
dispersal of vertical landscape elements.
After classifying the mass-space maps, almost all the compartments could be ﬁlled with one or more Dutch landscapes.
Not all the compartments ﬁtted with a Dutch landscape.
Landscapes characterized by for example extreme open
spaces and large scales were not found, not even in the polders of Flevoland. In our opinion those landscapes can be
found for example in the United States of America.
After ﬁeld research the wind parks should be categorized in
the different compartments of the Matrix. The mass-space
maps of characteristic Dutch landscapes in this way served
as an example. The compartments, each representing a speciﬁc landscape, could be the starting point by which the ﬁnal
recommendations for the allocation of future wind parks are
organized.

Types of composition

scale

However the composition types are a better way to catagorize landscapes than the matrix, they are not sufﬁcient to be
the basis for a Landscape Based Strategy.

extra large

fully enclosed

Mass space

enclosed

semi open

3

The matrix

open

scale

Flevopolder

Groene hart

IJsselmeer

Noord Holland

Zeeland

Wieringermeer

Veenkolonien

Betuwe

Zuid Limburg

Fryske Walden

Twente

Veluwe

Kust

semi open

Friese meren

fully enclosed

Open spaces: A wind park in a vast open space with a lack of
vertical composition elements in the direct
surrounding of the park.
Deﬁned spaces: The vertical composition elements are located in the direct surrounding of the wind park and form a
clear deﬁned space in which the turbines are arranged.
Divided spaces: The vertical composition elements form several spaces in which the turbines are arranged.

large

enclosed

Composition types
Many times there are vertical landscape elements in the direct surrounding of a wind park. Those elements can be described as a set of building ‘bricks’ by which an architectonical composition is made in a landscape. Together with the
lay-out of a wind park those elements determine the image
of a wind park the viewer perceives. The most prominent
vertical landscape elements which are found related to a wind
park are wooded banks, larger and smaller blocks of woodland, planting along roads and planting on farmyard and other build parcels. The vertical landscape elements can be related to the wind park in different ways and can form different
types of composition. Three types of compositions are deﬁned:

Mass space

Towards types of composition
After completing and elaborating the data out of the ﬁeld
research a Matrix used to categorize the investigated landscapes did not seem to be the most appropriate method to
come to speciﬁc sets of recommendations.
The results of especially the foreign wind parks showed that
landscape characteristics within an area of approximately
thirty square kilometers do not provide the right data. It is
not the surrounding landscape that is responsible for the image of the wind park perceived by the viewer. More important
is the arrangement of vertical landscape elements which form
a composition with the wind turbines. Those elements are
responsible for the image of the wind park perceived by the
viewer. Therefore, a better starting point is found in the recordings of landscape elements that form a composition with
the turbines. These recordings showed that there can be distinguished four main types of composition.

medium

open

small

Dutch landscape types according to the matrix
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esearch in the ﬁeld
Why ﬁeldwork?
To understand the relation between wind turbines and landscape several wind parks in The Netherlands, Germany and
Denmark are visited. Data are collected by studying topographical maps as well as by research out in the ﬁeld. This
ﬁeld research has been crucial and contributed a lot to the
ﬁnal results and conclusions.
The only way to be able to gain insight in the complex relation between landscape and wind park is to actually visit
them in the ﬁeld. The literature on this topic available at this
time does not offer any contribution. Also photo studies in
which turbines are pasted into pictures of existing landscapes
are not an option. Neither literature studies nor animations
with photographs can replace the results collected during the
nearly one month of ﬁeld research.
The only way to ﬁnd out how the relation between wind park
and landscape really works and to investigate effects on composition and perception is to experience both in the ﬁeld.

arrangements depends of the position of the viewer. From
one corner it can take the whole horizon while from another
corner only a small part is visible.
Secondly, an important factor is the movement of the rotors.
Wind turbines are constantly moving, whether we appreciate
that image or not, motion can never be experienced on a
photo. Therefore a picture gives a more tranquil image of the
landscape than in reality.
Finally, on can say a photo animation is a distorted image.
Details on the background fade away which makes them less
visible. An image of a large wind park is inﬂuenced and gives
another image than in reality. Furthermore, people experience a much broader image from the landscape than the one
which is caught by a camera. On a photograph the viewer
has no chance to experience the surrounding landscape. A
panoramic picture is a good imitation with a broader angle,
but the ground plane is distorted in favour of the panorama
which makes ﬁelds larger than they are in reality.

Although much research has been done on wind turbines,
those previous studies focused on the allocation and on people’s perception of wind parks in the Dutch landscapes. Unfortunately many studies are dated and the models used in
these studies appeared to be old fashioned. Studies focused
for example on wind turbines with only two blades, while
types with three blades are more commonly used at this
time. Also found are studies that focus on small wind parks
with only a hand full of turbines to allocate. In almost all the
studies, the height of the turbines was not even comparable
with the ones that are used nowadays. The results of this
literature search showed that current data about wind turbines and landscape many times are not useful at all.

By doing ﬁeld research it is only possible to investigate and
evaluate the yet existing wind parks. These wind parks do
not directly provide practical answers, nor do they offer the
one and only solution of how to design future wind parks.
Still, the conclusions that are brought up as a result of the
ﬁeld research, offer a great opportunity to extrapolate certain aspects on how to improve the quality of future designs
of wind parks. These aspects could not be elaborated by performing photo studies or literature studies.
Finally, the aspects can be elaborated as fundamental design
principles for the design of wind parks in a Landscape Based
Strategy.

Focusing the actual research on studying photographs or
photo animations is not an option either. It is very difﬁcult to
conclude anything about wind parks from a photo.
Firstly, a photo is an instantaneous image, taken at a certain
time at a certain place. When thinking about wind parks in a
speciﬁc landscape there are many different views and images. From different corners, nearby and further away, the image changes all the time when moving through a landscape.
Nobody experiences a wind park just from one corner. Movement also inﬂuences the perception of a wind park. According to Schöne, the movement through a landscape increases
the recognition of difﬁcult patterns of turbines and makes
them appear more peaceful. Especially the perception of line
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Collecting data
The ﬁeld research is executed for each park separately. Different kinds of data are recorded.
The route
The ﬁrst step during the research in the ﬁeld is to drive a
route that has been determined in advance.
The route is driven by car. The driving speed depends of the
type of road and the speed that is allowed. While driving this
route two kinds of data are collected.

The visibility map
The visibility of the wind turbines, seen from this route, is
noted down on a topographical map. In practice this means
that one person constantly looks besides and in front and
determines whether the wind park is visible or not. In general, the tip of a single swinging rotor blade popping out of
the planting is noted down as not visible. Only when (parts
of) turbines are clearly recognizable the wind park is perceived as visible.
The driven route does not include all the roads or points of
view from where the wind park actually can be viewed. Although one might interpret this as an inaccuracy in the research method, this procedure offers a quick insight in the
overall visibility of the turbines. Most important is that the
route maps of the wind parks are comparable with each other. In practice this meant that outer and inner circles around
the park were driven consisting of as many types of roads as
possible. If there is a highway located in the surrounding of
the park this road always has to be driven. But also smaller,
many times unpaved or semi paved roads are part of the
route.
Because of weather changes not every visibility map is as
accurate as possible. Some recordings were made during
days with a completely bright sky. Other recordings suffered
from grey skies and rainfall. The latter causes a dramatic
decrease of the visibility of the wind park.

3

Example of a visibilty map drawn in the ﬁeld, Mariager

Taking photographs
The route is not only used to record the visibility of the wind
park but also to link several predeﬁned points where photographs have to be taken. Even though photos are not the
best way to investigate a wind park, they have to be made to
be able to evaluate and discuss all wind parks afterwards. In
a way they also serve as a reminder.
There are photographs that show an overview of a wind park,
the landscape characteristics around the park or the view
seen from nearby human settlements. Beside these predeﬁned points extra photos are made on points of interest.
Also important is to keep an equal distance from where a
speciﬁc photograph has to be made. Worth mentioning here
are the so called 500 meter points. In these series of photographs the lay out of each park is depicted from different
angles.
The design of the turbines has to be made visible by taking
photographs of single turbines and of the lower parts of the

Example of the photographs taken in the ﬁeld, Mariager
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turbines. Photographs of single turbines of each park can
show differences in the proportions of rotor diameter and
tower. Photographs of the lower parts of the turbines can
show differences in the attachment to the ground plane, but
also show elements as transformer sheds.
The photo camera always has to be used with the same lens
and the same focal point, approximately about 35 mm, to
prevent any technical inaccuracies.
Afterwards groups of photographs are attached to each other
to make panoramic views out of it. In order to make the
turbines on some of the photographs more visible, in some
cases the contrast of sky is changed.
The checklist
After completing the route around a wind park a list of questions about the wind park and the landscape needs to be
answered. The ﬁnal answers of each question are given with
the three researchers, after considering and discussing the
best conclusion. Sometimes it is not possible to come to one
ﬁnal answer; either because it is technically impossible to
answer the question or because a ﬁnal, concluding answer
for a three of us can not be given.
The questions are brought together in a checklist consisting
of four themes; tools, landscape, composition and perception. The whole checklist can be found in appendix 1: Checklist & Hypotheses
Tools
These questions focus on the design of the turbines and the
lay out of the wind park. For a large extend these data are
already collected in advance. During the ﬁeld research a hard
copy with these data is checked and eventually completed.
Sometimes not all the information is available in advance or
needs to be checked in the ﬁeld. For example, a draft of a
single turbine is added to note down colour accents and other characteristics of the turbines viewed in the ﬁeld.
The tools are expressed by:
•
The number of turbines part of the wind park
•
The power of a single turbine in mega watts
•
The type of lay out of the wind park
•
The distance between the turbines in meters
•
The hub height and the rotor diameter in meters and
the relative proportion between them.
•
Colour accents on the turbines
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Landscape
The second theme comprises several aspects about the landscape that affect the perception of the wind park. First of all,
the landscape is shortly described. Elaborated and reﬁned
descriptions of the landscapes can be found in chapter ﬁve,
where the results of each wind park are presented separately.
Furthermore this part of the checklist reports about the scale
and the openness of the landscape.
The method used to measure these characteristics in the ﬁeld
is described under the headline ‘The Matrix’. An adjusted approach to describe the landscape characteristics in the direct
surrounding of the wind park focuses on difference in composition. This method is found under ‘Types of composition’.
At last, the visibility of the wind turbines, recorded on the so
called visibility map, is elaborated and noted down. Special
questions to be answered are:
•
Are there any locations from where the wind park is
completely visible?
•
Are there remarkable vistas?
•
Where are the main settlements and main roads
located? How does this inﬂuence the overall perceived visibility of the wind park?
Composition
Vertical landscape elements in the direct surrounding of the
wind park can form a composition with the wind turbines
This part of the checklist describes which elements actually
participate and in which way the elements play a role in the
composition. Besides these vertical elements there are also
landscape structures and patterns on the ground plane where
the turbines can be related to.
Structures are landscape elements which mostly occur as
lines; elements with a clear direction. In comparison with
other landscape elements, structures are elements of a higher rank and continue beyond the direct surrounding of the
wind park. Examples of structures of a higher rank are highways, sea dikes, canals and electric power lines.
Patterns in the ground plane can be spread local but also
regional. In comparison with structures of a higher rank, patterns do not rise above the ground level at all. Therefore patterns are not recorded as composition elements, although
they can be related to the lay out of the wind park and to the
arrangement of nearby landscape elements. Examples of
patterns in the ground plane are ditches, smaller canals,
roads and borderlines of parcels.

Questions about the composition focus on:
•
Which vertical landscape elements form a composition with the wind turbines?
•
How do these elements contribute to the composi tion?
•
Do landscape elements visually interfere with each
other?
•
Is the lay out of the wind park related to structures
of a higher rank or patterns in the ground plane?

In this way, we are able to test, correct and improve the conclusions we brought up before and thereby improve the quality of the whole project.
The list of suppositions is, just like the checklist, divided into
several themes. These themes are about the design of the
turbines, the composition, the perception of heights and distances and the readability of the lay out of the wind park.
The whole list of hypotheses can be found in appendix 1:
Checklist & Hypotheses
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Perception
The last part of the checklist is about the perception of the
landscape and the wind turbines. More speciﬁc, the questions focus on the perception of heights of the turbines and
surrounding landscape elements, as well as on the perception of distances between landscape elements or turbines.
The answers given to these questions might be regarded as
personal and certainly not scientiﬁcally objective. With only a
three of us and all three with the same pack of knowledge as
a student landscape architecture, it is hard to come to answers that are not coloured by our background. Being aware
of this inaccuracy in ﬁeld research these questions still are
part of the investigation. Especially for these questions about
perception the outcome of the ﬁeld research would be unclear, but without investigating these aspects the research
would be incomplete. How can one speak about composition
and inﬂuence of landscape elements even without attempting to think of how one will perceive landscape and wind
park?
Besides, the four themes that are split up in the checklist
actually are meant to clarify and categorize all the data collected during the ﬁeld research. In practice, all themes interact with each other and contribute to the ﬁnal conclusions.
Hypotheses
The checklist comprises questions which can be answered by
a description or, in case of a clear conclusion, can be elaborated.
Besides this checklist there is also a list with suppositions,
which also needs to be answered for each park separately.
These suppositions can be answered with yes or no and are
based on experiences and literature studies executed before
starting the research in the ﬁeld. Although the checklist is
also based on information gained before, this list of suppositions clearly reﬂects our conception of this topic before starting collecting primary data in the ﬁeld.

Example of the checklist used in the ﬁeld, Dahlenburg
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A

fter the ﬁeldwork
Analysis

Towards a Landscape Based Strategy

After all the data are collected in the ﬁeld, the answers to the
questions are put in an excel sheet. The answers are classiﬁed in three groups; answers with a yes or no (mainly on the
hypotheses), describing answers (on landscape and composition) and categorical answers (mass class, space class and
composition type).
Per question all the answers from the different parks are
compared with each other. The ‘yes and no’-questions are
easy to compare. For every question or hypothesis it is analysed why in some cases the answer is yes and in other cases
the answer is no. What is the similarity between those parks?
For example the question: Is there interference between
wind park and other landscape elements? When the answer
is yes we want to ﬁnd out what causes this interference.
There is interference when….. This is done for all the ‘yes and
no’-questions.
An important part of the analysis is to link certain effects to
visual aspects in the landscape. Why is there interference in
this landscape and not in another one? For example the sizes
between wind park and landscape elements are measured to
see if this causes any interference or not.

The results of the ﬁeldwork have given great insight in the
relation between landscape and wind park.
The next step is to develop a Landscape Based Strategy from
these data which can be used for a well-considered implementation of wind parks in The Netherlands. Therefore the
effects are linked to landscape types according to the matrix.
However, the matrix did not seem to be the most appropriate
method to come to speciﬁc sets of recommendations. Unless
it was the intention to base the Landscape Based Strategy on
different landscape types, the ﬁeld work learned that this
was not possible. The effects are not linked to speciﬁc landscape types. The same effects seem to occur in different
landscape types, which means that effects depend on other
things than just a landscape type.

Drawing conclusions
After the comparison of every question from the checklist
and the hypotheses, conclusions can be derived. This means
the conclusions which can be directly drawn from the excel
sheet. Because many answers are more or less subjective,
every conclusion is discussed on its relevance. Is this answer
really caused by this effect or is there another reason? Some
answers are too vague to derive a good conclusion. Sometimes it is not possible to derive a conclusion at all because
of a lack of data. Furthermore the answers on the hypotheses
are analyzed and discussed whether they are wrong or
right.
Every relevant conclusion of the checklist is worked out together with the proven hypotheses in chapter 5. It is tried to
explain every conclusion thoroughly and, if possible, to connect it to existing theories found in literature. Furthermore
every conclusion is illustrated by animations, sketches and
photographs.
The excel sheet with all the answers on the checklist and hypotheses can be found in appendix 2: answers checklist and
appendix 3: Answers hypotheses.
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Since the matrix can not be used anymore, another method
has to be found to develop a Landscape Based Strategy.
When effects are not linked to speciﬁc landscape types, to
what are they linked than? It appeared that speciﬁc aspects
concerning scale, proportions and perception are correlated
to landscape elements. The composition of landscape elements seems to play a role. However, there are more aspects
which inﬂuence the experience of a wind park. Also the three
generated composition types are not sufﬁcient to function as
a basis to develop a Landscape Based Strategy.
To come up with an appropriate method to develop a Landscape Based Strategy, the importance of every effect is analyzed thoroughly. Because the strategy has to improve the
quality of wind parks in The Netherlands, those effects which
inﬂuence the quality of a wind parks strongly and are easy to
implement when it comes to a design have to be selected.
After all, not every effect can be inﬂuenced. Only a couple of
effects seem to be really useful for the design of a successful
wind park. These effects are the basis to develop a Landscape Based Strategy.
In general, the elements which play a major role in the composition and perception of wind parks are planting, power
pylons and other wind parks. The proportion between planting and wind turbines deﬁnes whether the wind park is perceived as aesthetic. Furthermore the degree of interference
plays a major role in the experience of a wind park. The
whole list of the useful effects can be found in chapter 6 in
the paragraph ‘towards a Landscape Based Strategy’.

The next step to develop a Landscape Based Strategy is to
categorize the effects in a more or less hierarchic order.
Where does one start designing a wind park? The ﬁrst decision which has to be made is the location of the wind park.
Because the interference of power pylons and other wind
parks plays a major role, this should be the ﬁrst thing to consider choosing a location. When an area is large enough and
the risk on interference is low, the location is suitable.
To make the Landscape Based Strategy clarifying, it is classiﬁed in ﬁve different steps. Each step has its own theme.
Logically, the location choice will be the ﬁrst step of the Landscape Based Strategy. The following steps of the Landscape
Based Strategy are based on how the wind park should look
like considering proportions, the visibility, the context, etc.
Because proportions between the wind turbines and the
height of the planting is the most determining factor for the
experience of a wind park, these aspects are captured in the
second step of the Landscape Based Strategy. In this way all
the selected effects are considered and classiﬁed in one of
the steps.
The different steps are explained thoroughly in chapter 6,
however, a short summary is given:
Step 1:
Step 2:
Step 3:

Step 4:
Step 5:

located in large scaled open landscapes, the case studies are
located in small scaled and more enclosed landscapes. In this
we want to show that also these landscape types can form an
aesthetic composition together with a large wind park.
For every location the ﬁve steps of the Landscape Based
Strategy are completed. To gather the information needed
for the different steps, an excursion to the study areas is
made. This is needed to get answers about, for example, the
visibility from roads and settlements, height of the planting
and to get a good image of the region. Furthermore, many
photographs are made which are needed to create animations.
After ﬁnishing the three case studies conclusions can be
drawn about the value of the Landscape Based Strategy. The
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conclusions can be found in chapter 8.

A well-considered choice of the location
where a wind park can be developed.
To adjust the wind turbines to the characteristics of the landscape.
To use the characteristics of the ground plane
to determine the functional characteristics of
the wind park.
To have a close look to the context of the
wind park to adjust it to the viewers.
A creative step to give the wind park its own
‘face’.

Case studies
The ﬁnal part of the thesis is used to evaluate and test the
developed Landscape Based Strategy. It has to be tested
whether the Landscape Based Strategy is a useful method to
allocate wind parks in The Netherlands and to improve the
quality of these future wind parks. The best method to test
such a strategy is to develop a new, imaginary wind park.
This is done in three case studies for three locations in The
Netherlands. For each of the location a design for a wind park
is made. Because many wind parks in The Netherlands are
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Chapter 4
Inventory
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I

ntroduction
This chapter offers a short summary of each of the twenty
investigated wind parks. It primarily presents the results and
no conclusions. The drawings and photographs are meant to
offer insight in the characteristics of each single park.
The wind parks are grouped per country. Within the country
they are classiﬁed in alphabetic order of the name of the municipality in which the wind park is located. On the map
alongside the exact locations of the wind parks are given.
Each park is described by:
•
The tools which represent the internal structure of
the wind park.
•
The composition type.
•
A drawing that shows and compares the sizes of
the elements that form a composition.
•
A bird’s eye view that offers a quick insight in the
landscape and their composition with the turbines
The focus is on the main shapes and structures.
•
A short text that describes the characteristics of
the wind park and the landscape, the composition
of landscape and turbines and a short note about
how and when the viewer will notice the wind park.
•
A mass-space map and a map with the main roads
and human settlements.
•
Some panoramic photographs offering a representative image of the wind park in the landscape.
•
A topographical map with the exact locations of the
depicted panoramas.
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The Netherlands
Almere - Jaap Rodenburg
Dronten - Tochten
Franeker - Bjirnum
Goes - Willem Anna Polder
Urk - Westermeerdijk
Zeewolde - Dodaarsweg
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A lmere - Jaap Rodenburg
Number of turbines:

10

Power per turbine (MW):

1.65

Lay-out:

triangular raster

Distance between turbines (m):

L: 400 W: 350

Hub height (m):

67

Rotor diameter (m):

66

Proportion tower rotor diameter:

1:1

Large blocks of woodland

52

Sea dike

Landscape
The wind park Jaap Rodenburg is located on one of the corners of the Dutch Flevopolder, near the city of Almere. The
area is ﬂat with large, square parcels which are in use for arable farming. At two sides the wind park is surrounded by
blocks of planted woodland. Because the Flevopolder is relatively young, the planting is not yet fully grown.
The sea dike ‘embraces’ the wind park, a main road is situated on top of this dike. Other roads are mainly in use by
farmers to reach their parcels.
In the direct surrounding of the wind park no buildings can
be found, in a way the location of the wind park is a ‘forgotten place’.
Composition
A composition is formed with the sea dike and the surrounding blocks of woodland. These elements deﬁne a space, in
which the wind park is placed. The turbines mark the place.
The almost two-dimensional corner of wind park Almere gets
a strong, third dimension.
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The viewer
The wind park is clearly visible from the road on top of the
sea dike. Traveling from Amsterdam to Almere by train, the
wind park is also clearly visible when entering the Flevopolder. In this case it serves a kind of orientation point.
From the old village of Muiderberg the wind park is also
clearly visible. It seems to reduce the distance between the
‘old’ land and the new polder. Nevertheless, the corner of the
Flevopolder is easy to recognize with the turbines placed on
top of it.
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D ronten - Tochten
Number of turbines:

9 - 10 - 8

Power per turbine (MW):

1

Lay-out:

curved line

Distance between turbines (m):

variable

Hub height (m):

70 - 68 - 67

Rotor diameter (m):

48 - 80 - 66

Proportion tower rotor diameter:

variable

Planting
along roads

56

Farmyards

Landscape
This wind park is located in the municipality of Dronten in the
province of Flevoland. The park comprises of three lines of
about ten turbines, allocated in a way that the lines appear
as one slightly curved line.
The land is characterised by polders, the so called Flevopolders. These are made by a straight geometrical pattern of
roads, parcelling and drainage. Linked to the roads there are
farmyards enfolded with wood banks. Sometimes farms have
their own wind turbine. The land is used for arable farming.

Composition
The turbines are allocated along a main drainage canal (a so
called ‘tocht’). In the direct surrounding of the wind park,
which stretches about ten kilometers, there are local roads
traced parallel to the wind park at a distance of twelve hundred meters. On equal distance of each other there are farmhouses connected to these roads. The planted farmyards
form the nearest composition elements. Further away some
planting along roads and several larger blocks of woodland
are also part of the composition. All those elements together
deﬁne and give direction to the space the wind park is located in. However, these elements are located on such a distance from the wind park that the compostion type can be
deﬁned as open space.
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The viewer
When moving on a local road parallel along the park, planted
farmyards frequently block the view on the turbines for a
very short time. But in general one can say that in the direct
surrounding the turbines are practically always visible. Seen
from a larger distance, for example from the main roads or
the nearby towns Dronten or Biddinghuizen, the turbines are
completely concealed.
In general, the turbines are only visible if one is inside the
space deﬁned by planting on the farmyards and along the
roads.
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The allocation of the turbines is related to canals

2

Viewed together with road planting (poplars). In the background the turbines start to interfere with each other.
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F

raneker - Bjirnum
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Number of turbines:

12

Power per turbine (MW):

0.5

Lay-out:

triangular raster

Distance between turbines (m):

300

Hub height (m):

40

Rotor diameter (m):

37

Proportion tower rotor diameter:

1:0.9

Landscape
This wind park is located in the north of The Netherlands in
the municipality of Franeker.
The landscape can be characterised as open and ﬂat. Around
the park there are some villages on equal distance to each
other. Planting is not common, except for planting on farmyards and occasionally along roads. The parcelling patterns
and the local road network are irregularly shaped. The land
is used for arable farming as well as pasture. The image of
this landscape is made by this agricultural use and the permanent presence of the wind, reﬂected in several wind parks
and single turbines on farmyards.

Composition
This wind park is located in an open space. The landscape
elements are situated on a large from the wind park and do
not inﬂuence the perception of height and distances. The
composition therefore can be described as open space, instead of a deﬁned space. Elements that form the scenery are
planted farmyards and nearby villages.
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The viewer
A main road is traced south of the wind park. Viewed from
this road the turbines with their red coloured towers attract
attention which makes the park function as a landmark.
There are practically no vertical landscape elements outside
the villages that can block the view. Any time one moves out
of the surrounding villages the wind park is clearly visible.
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G oes - Willem Anna Polder
Number of turbines:

10

Power per turbine (MW):

0.9

Lay-out:

triangular raster

Distance between turbines (m):

250

Hub height (m):

70

Rotor diameter (m):

52

Proportion tower rotor diameter:

1:0.7

Orchards with hedges

64

Green houses

Dikes

Power pylons

Landscape
In the province of Zeeland this wind park is situated just behind the sea-dike in the Willem Anna polder
The landscape surrounding the park is build up of three different landscape entities. In the south there is a large open
water, the estuary of the river Schelde called the Westerschelde. Another entity is the land surrounding the wind park,
which mainly comprises of small villages, orchards enfolded
by hedges and old sea dikes. The parcelling is irregular. These
elements create a relatively small scaled landscape with a
couple of larger spaces. Remarkable are the power pylons
surpassing this small scaled landscape. The last entity is the
Willem Anna polder itself, which image is built by (sea) dikes
and a huge greenhouse complex. Because it is located just
behind the sea-dike this part of the landscape perceived by
the viewer is more open.
Viewed from the wind park the landscape has got two faces.
In the south the vast scale of the waters of the Westerschelde, recognizable by an empty horizon. In the other directions
the planting of the cultivated land with no clearly visible horizon at all.
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Composition
The turbines are positioned in the southwest corner of the
Willem Anna polder which means that one third of the polder
is covered by the wind park. The ground plane of this southwest corner is clearly outlined by the sea-dike and the greenhouses. In fact, these are the main elements that deﬁne the
space of the wind park. Together with the wind turbines they
create a solid composition. Additional elements in the composition are an orchard enfolded with hedges and a water
puriﬁcation installation covered in shrubs.
Disturbing elements in the composition are the power pylons
which tend to dominate the image of surrounding landscape
and interfere with the composition.
The viewer
Viewed from a larger distance the park is frequently visible.
From the small villages within some kilometers the park is
practically invisible, mainly caused by the planting of the orchards and hedges. Along the coast the park is visible most
of the time. The same counts for the view from the highway
in the north, where the turbines leap out of the planting.
These are also the locations of which most people will view
the wind turbines. Inside the Willem Anna polder an industrial image of steal and glass is created by both the turbines
and the greenhouses.
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Overview of the whole wind park

The waterfront

2

Industrial landscape image with turbines and green houses
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U rk - Westermeerdijk
Number of turbines:

50

Power per turbine (MW):

0.3

Lay-out:

line

Distance between turbines (m):

125

Hub height (m):

35

Rotor diameter (m):

25

Proportion tower rotor diameter:

1:0.7

Planting along roads

68

Sea dike

Landscape
The wind park is situated north of the village of Urk in the
Noordoostpolder. The wind park is a line of 50 turbines, connected to the sea dike. The presence of the sea is hardly
noticeable when moving through the landscape.
The landscape is ﬂat with large, square parcels for optimal
farming. The road pattern is coarse and straight. Large farms
and clusters of farms form a rhythm along these roads. All
farms are surrounded by planting, some roads are planted as
well.
On a distance from the wind park some small villages can be
found. The only bigger villages in this area are Urk and Emmeloord.
Composition
The sea dike and the planting along the nearby road are important composition elements for this wind park. The sea
dike determines the lay-out of the wind park and makes the
choice for this lay-out logic. The planting along the road creates a space. Because the height of the trees is almost the
same as the height of the turbines a kind of balance is created. Because the direction of the planting is the same as the
direction of the sea dike (and thus the wind park) it makes
the lay-out stronger. This wind park is difﬁcult to classify in a
composition type. On one side, the space is deﬁned by the
sea dike, on the other side, the space is open.
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The viewer
The wind park is never prominently visible in the landscape.
This has also to do with the size of the turbines: they are
relatively small. Some single turbines in the neighborhood
are larger and attract more attention, also because one of
them has striking colours. There are no important routes in
the direct surrounding of the wind park from where the park
can be seen.
From the ﬁshery monument within the village of Urk the wind
park can be seen, from other villages the park is invisible.
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The wind turbines are positioned just behind
the sea dike

2 Viewed from a local road straight on the dike
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Z

eewolde - Dodaarsweg
Number of turbines:

2-6-7

Power per turbine (MW):

1

Lay-out:

double line

Distance between turbines (m):

variable

Hub height (m):

70 - 60 - 38

Rotor diameter (m):

52 - 60 - 60

Proportion tower rotor diameter:

variable

Farmyards

72

Landscape
This wind park is situated in the Flevopolder, close to the city
of Almere. It consists of two lines of turbines, connected to a
straight road, the so called Dodaarsweg.
The landscape in the Flevopolder is very open, only farms are
well planted. At a larger distance from the park, some larger
wooded areas can be found, but these woodlands are young
and relatively low.
The road pattern is coarse and straight. Only a few roads are
planted. Large farms form a rhythm along these roads, often
in clusters of two farms.
The landscape is man-made and optimized for farming. This
means that parcels are large and straight and well drained.
Composition
In the direct surrounding of the wind park the farms with
their planting are the main elements in the composition. The
farms form a strong rhythm in the landscape, the turbines
are linked to this rhythm. Besides this, the farms with their
planting are a kind of ‘intermediary elements’ between the
ﬂat, open polder land and the turbines. The farm yards and
the road planting divide the wind park in several spaces.
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The viewer
Because of the huge amount of wind turbines in the Flevopolder, the visibility of one park has no great inﬂuence. The
viewer will always see wind turbines when moving through
this landscape.
All other turbines also make it hard to recognize just one
park and focus on it. The landscape has changed into a wind
landscape, where turbines sometimes cause interference between each other.

73

1

2

1

2

74

75

Germany
Apensen
Bippen - Vechtel
Dahlenburg
Emden - Wybelsum
Esens - Utgast
Midlum
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A pensen
Park characteristics
Number of turbines:

21

Power per turbine (MW):

1,65

Lay-out:

random cluster

Distance between turbines (m):

300

Hub height (m):

70

Rotor diameter (m):

66

Proportion tower rotor diameter:

1:0.9

Planting along roads

78

Wood banks

Landscape
The wind park of Apensen is situated directly north of the village it is named after. South west of the city of Hamburg this
park and the adjacent village are part of a hilly landscape
characterized by open plains and aqueous valleys. Woodlands
cover the surface of the steepest slopes. Largely the image
of the landscape is set by fragments of woodland, wood banks
and vegetation along the main roads.
Occupation is concentrated in villages. Single farms and
houses in this landscape is unusual.
The direct surroundings of the wind park, which is located on
one of the plains, are used for arable farming and fruit growing. With an irregular, coarse parcelling pattern the plains
can be seen as relatively large despite the small scaled landscape overall.
To a large extent this landscape is comparable with the landscape in the most southern part of the Netherlands, South
Limburg.

4

Composition
On a large scale, the wind turbines are positioned on top of a
plain in the middle of a space deﬁned by larger woodlands. A
composition however is created on a smaller scale by fragments of woodland and wood banks in the direct surrounding
of the wind park. Together with some micro relief, approximately 1 to 2 meters, on the plain these vertical elements
cover parts of the turbines and divide space. Moving along or
through the wind park the view constantly changes.
The lay-out of the park is deﬁned by an irregular cluster of 21
turbines. There is no relation between the lay-out of the park
and patterns in the ground plane.
The viewer
The visibility of the wind turbines is reduced to a few plains
around the park outlined by steeper slopes covered with
woodland. On a larger scale, these woodlands seem to deﬁne
the space of the wind park. If one enters this space, the turbines are almost permanently visible. Other wind parks in
the neighbourhood in this way are completely out of view.
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The turbines are almost invisible

Inside the wind park. Several times the base of the turbines is concealed .
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B ippen - Vechtel
Number of turbines:

12

Power per turbine (MW):

2.3

Lay-out:

two random clusters

Distance between turbines (m):

variable

Hub height (m):

100

Rotor diameter (m):

82

Proportion tower rotor diameter:

1:0.8

Large blocks of woodland

82

Wood banks

Landscape
Wind Park Bippen is named after a small town in the neighbourhood and is situated some kilometers northeast of the
city of Osnabrück in Germany. The image of this landscape is
made by a lot of wood banks and large woodlands. Although
there are some little differences in altitude, this landscape
can be compared with the far east of The Netherlands, the
regions of Twente and the Achterhoek.
Occupation, mainly consisting of farmhouses, is scattered
through the landscape and sometimes clustered into small
villages. The landscape is characterised by human occupation, though their houses are almost always concealed by
planting.
Land use in the direct surrounding of the park is mainly on
arable farming. The moment of cultivation of the land is reﬂected in the parcelling patterns. The oldest parts mainly
seen around human settlements are irregular and ﬁne. The
younger parts are characterised by a more geometrical but
still ﬁne pattern. This kind of parcelling is also found in the
larger blocks of woodlands.

4

Composition
The turbines are arranged as two randomly spread clusters
of twelve turbines. A composition is made by some larger
woodland in the direct surrounding of the park and wood
banks directly aside the turbines. The wood banks cover the
lower parts of the turbines which are almost al the time invisible.

The viewer
Spaces in the landscape are divided and their size is decreased by a large amount of wood banks. Many times the
view is blocked by this planting. Despite their relatively large
tower of hundred meters the wind park is almost invisible
seen from the surrounding landscape. This is not only caused
by the landscape itself but also by the small number of turbines and their spread position in the landscape.
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A view from a larger distance

Suddenly the turbines pop out of the planting

2

One of the clusters of six turbines
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D ahlenburg
Number of turbines:

23

Power per turbine (MW):

2

Lay-out:

randomly scattered

Distance between turbines (m):

variable

Hub height (m):

100

Rotor diameter (m):

80

Proportion tower rotor diameter:

1:0.8

Large blocks of woodland
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Small villages

Landscape
The 23 turbines of this wind park in Germany are spread
northeast of the city of Dahlenburg in the neighborhood of
Hamburg. It is a hilly terrain with large areas of woodland,
mainly beech and ﬁr. The road pattern is coarse and has a
radial structure starting in the villages. Many roads are planted with birch trees and different kinds of fruit trees.
Almost no single farms and houses can be found in this landscape, all farms and houses are grouped in small clusters or
villages.
Parcels are large and mainly in use for arable farming. Hardly any wood banks can be found in the landscape.
No direct comparison with a Dutch landscape can be made.
Composition
Large areas of woodland, some villages and the relief are
part of the composition of this park. The areas of woodland
divide the places where the turbines are located. They also
form the fore- and background of the wind park. Together
with the villages the woodlands create a varying view on the
park, they create places from where the turbines can not be
seen. Differences in relief can make the effects of the woodlands stronger or weaker.
Sometimes the combination of villages and turbines cause
some interference when they are directly located behind villages. The turbines are extremely high, compared to the
height of the houses.

4

The viewer
Remarkable fact is that the turbines sometimes can be seen
from within the villages. This causes a huge impact for the
inhabitants. When the turbines are visible, they are often
stitching out of the woodland. If one is moving through the
wooded areas, the turbines are invisible.
On a shorter distance the turbines are, also because of their
size, almost always visible.
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The wind turbines in relation to small villages
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E

mden - Wybelsum
Number of turbines:

65

Power per turbine (MW):

1.5

Lay-out:

irregular raster

Distance between turbines (m):

300 - 400

Hub height (m):

67

Rotor diameter (m):

66

Proportion tower rotor diameter:

1:1

Planting
along roads

90

Sea dike

Reservoir
dike

Landscape
Wind Park Emden is located in the north of Germany along
the open water of the Dollard. The polder of Wybelsum, which
also is the name of the park, is located just behind the sea
dike. In this polder over sixty turbines are placed in an irregularly clustered lay-out. The turbines differ in type and
height and are formally part of separated wind parks. The
viewer although will view them all together. Outstanding are
four mega turbines, the highest of Germany, loosely arranged
between the other turbines of a lower height.
Composition
The wind park comprises of 65 turbines. The direct surrounding of the park is characterised by a ﬂat open terrain with
some diffuse planting along roads and different kind of dikes.
On one hand there is the current sea dike. Further inland
there is the older and yet dis-used sea dike. Together these
dikes outline the area of the polder. Remarkable are the so
called rinsing reservoirs inside the polder, which are used for
industrial activities. Those basins are enfolded with little
dikes only about two meters high. To a large extend the turbines of the park are positioned inside these basins. As a
result of this the position where the turbines are attached to
the ground plane is not always clear.

4

The viewer
Inland, just outside the polder of Wybelsum there are some
small towns which are connected with each other by a main
road. Most of the viewers will be on this road or in the direct
surrounding of the towns. Due to the openness of the polder
together with the nearby road, which is positioned parallel
along the polder, the viewer will practically always notice all
the turbines.
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Overview of almost all the turbines

Viewed from the sea dike. Also visible are the
small dikes of the rinsing reservoirs
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E

sens - Utgast
Number of turbines:

48

Power per turbine (MW):

1.5

Lay-out:

random cluster

Distance between turbines (m):

200

Hub height (m):

50

Rotor diameter (m):

43

Proportion tower rotor diameter:

1:0.86

Small blocks

Farm yards

Wood banks

Power pylons

of woodland
WADDEN SHALLOWS

94

Landscape
The wind park of Utgast is situated near the German Wadden
shallows in the northwestern part of Germany, called ‘Ostfriesland’. The park is situated in an open area, surrounded
by small villages. A small city in the neighborhood is Esens.
The presence of the sea on a short distance is hardly noticeable in the landscape.
Besides some spread shrubs and fragments of woodlands,
the area is very open. The main planting can be found around
the farms, protecting these farms against the wind. In combination with wind-formed trees, this makes wind an important element in this landscape.
The winding road system is coarse, many farms and small
villages are connected to these roads. Along the roads some
transparent planting can be found. Parcels in this area are
irregular and relatively small, mainly in use by stock farmers.
Most small villages and older farmhouses are placed on
mounds. Two other wind parks are visible, but they do not
cause any interference. The landscape can be compared to
the landscape of the province of Friesland in The Netherlands.

4

Composition
Farms with planting, shrubs, spread trees and fragments of
woodland are part of the composition. At a distance the park
seems to stand within these mass elements.
The view towards the park is variable, sometimes even intimate. This is caused by the planting around the farm houses
and the amount of farms next to the roads. Because the park
itself is placed inside an open area, the landscape forms an
open space.
The viewer
From a short distance the wind park is almost always visible,
unless planting sometimes causes some variation.
When moving along the main roads, the view towards the
wind park is often blocked by planting.
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M idlum
Number of turbines:

60

Power per turbine (MW):

0.5

Lay-out:

irregular cluster

Distance between turbines (m):

150

Hub height (m):

35

Rotor diameter (m):

40

Proportion tower rotor diameter:

1:1.1

Larger blocks of woodland
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Wood banks

Landscape
The wind park of Midlum is situated in the northern part of
Germany, near the city of Cuxhaven. The landscape is a bit
hilly and large areas of woodland, mainly of ﬁr trees, can be
found in this area. Lots of wood banks divide spaces and also
the wind park, creating kinds of ‘rooms’ in the landscape.
The large, irregular parcels are mainly in use for arable farming. There is a coarse pattern of winding roads, though some
smaller, straight roads point to a heath reclamation.
Occupation is concentrated in villages, on a distance of about
1,5 kilometers from the wind park. There are no farms located in the direct surrounding of the wind park.
To a large extend the landscape can be compared with the
landscape which can be found in the middle of The Netherlands: the Veluwe.

4

Composition
Relief, wood banks and woodland are part of the composition
of this wind park. The wood banks divide the wind park in
many parts, it can never be seen completely, giving the feeling this wind park is endless. The woodlands make the park
also on shorter distances invisible.
The wind park is situated on a slightly elevated area in the
landscape, with the middle part of the park at the highest
point. In combination with the relatively low turbines, this
makes that the borders of the park disappear behind the
wood banks.
There is a relation between the size of the wind park and patterns in the ground plane, but this relation can hardly be
noticed.
The viewer
The wind park is connected to a highway and from this highway the park is clearly visible. Wood banks make that the
park can not be seen as a whole. Remarkable is that from
within the park the highway is invisible, because it is situated
beneath the ground level.
In general the park is only clearly visible from shorter distances. At these short distances the wood banks interfere
with the turbines: the turbines are too small, so the blades
are constantly moving behind the planting.
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Inside one of the ‘chambers’

Outside the ‘chambers’ formed by wood banks
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Denmark
Aalborg North - Stenis Enge
Aalborg South - Ny Vra
Brovst - Nørre Økse sø
Fjerritslev - Klim
Højer - Rejsby Hede
Mariager - Overgard Gods
Rougsø - Hollandsbjerg
Ulfborg - Øster Bur
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A alborg North - Stenis Enge
Number of turbines:

15

Power per turbine (MW):

0.75

Lay-out:

triangular raster

Distance between turbines (m):

250

Hub height (m):

45

Rotor diameter (m):

48

Proportion tower rotor diameter:

1:1.1

Wood banks

104

Landscape
In general the landscape north of the city of Aalborg is characterised by wood banks and small blocks of woodland. Cultivations of different time periods can be distinguished in this
landscape. The oldest cultivations comprise the earliest, most
clustered settlements. The parcelling is irregular and almost
all the parcels are enfolded with wood banks. This part of the
landscape can be described as small scaled.
The younger cultivations consist of a more regular parcelling.
Over here the landscape is also made by wood banks, but
those elements are more loosely spread. Open spaces are
common. Settlements are characterised by farmhouses, either clustered along roads or spread in the ﬁeld.
Although the land seems completely ﬂat the oldest cultivations seem to be little elevated. Prominent are the highway
E39 and the railway, both from Aalborg to Brønderslev, directed south north.

4

Composition
Between Aalborg and Brønderslev three, more or less the
same wind parks are situated, all three allocated on the
youngest cultivated land. Viewed from the highway all the
parks can be noticed, which establishes a visual relation
among the parks and between the parks and the highway. In
the ﬁeld all three parks are visible at once from certain points.
The most southern and most northern wind parks are taken
into consideration.
The northern park is build up of 15 turbines. A composition is
made by a more or less open space with several wood banks
positioned directly between the turbines.
The viewer
Because there are more wind parks allocated in the neighbourhood none of the parks attracts all the attention. Viewed
from the highway the wind park is most prominently visible.
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Despite several wood banks a wide view is not uncommon
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A alborg South - Ny Vra
Number of turbines:

15

Power per turbine (MW):

0.75

Lay-out:

rectangular raster

Distance between turbines (m):

L: 200 W: 250

Hub height (m):

45

Rotor diameter (m):

48

Proportion tower rotor diameter:

1:1.1

Small blocks of woodland

108

Farmyards

Wood banks

Landscape
In general the landscape north of the city of Aalborg is characterised by wood banks and small blocks of woodland. Cultivations of different time periods can be distinguished in this
landscape. The oldest cultivations comprise the earliest, most
clustered settlements. The parcelling is irregular and almost
all the parcels are enfolded with wood banks. This part of the
landscape can be described as small scaled.
The younger cultivations consist of a more regular parcelling.
Over here the landscape is also made by wood banks, but
those elements are more loosely spread. Open spaces are
common. Settlements are characterised by farmhouses, either clustered along roads or spread in the ﬁeld.
Although the land seems completely ﬂat the oldest cultivations seem to be little elevated. Prominent also are the highway E39 and the railway, both from Aalborg to Brønderslev,
directed south north.

4

Composition
Between Aalborg and Brønderslev three, more or less the
same wind parks are situated, all three allocated on the
youngest cultivated land. Viewed from the highway all the
parks can be noticed, which establishes a visual relation
among the parks and between the parks and the highway. In
the ﬁeld all three the parks are visible at once from certain
points.
The most southern and most northern wind parks are taken
into consideration.
The most southern park is build up of 15 turbines and is allocated in a clear space deﬁned by wood banks. From a nearby road with planted farmyards along, there are several vistas on the park.
The viewer
Mostly the lowest parts of the turbines are covered by planting. Because there are more wind parks allocated in the
neighbourhood none of the parks attracts all the attention.
Viewed from the highway the wind park is most prominently
visible.
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Vista form a nearby road with ribbon building

Three rows of turbines in a deﬁned space

111

B rovst - Nørre Økse sø
Number of turbines:

24

Power per turbine (MW):

0.75

Lay-out:

triangular raster

Distance between turbines (m):

200

Hub height (m):

45

Rotor diameter (m):

48

Proportion tower rotor diameter:

1:1.1

Power pylons

112

Landscape
The wind park of Brovst is situated just north of the Limfjorden nearby the town of Brovst. The landscape is build up of
valleys and hilly terrains. Here, the wind park is allocated in
the valley. Main settlements and woodland can be found on
more elevated terrains.
The valley is characterised by an open terrain. Although it
comprises some scattered wood banks the main planting
structures are concentrated at the edges where they merge
with the woodland and the houses.
The parcelling pattern and the network of roads in the direct
surrounding of the wind park are more or less geometrical.
The land is drained and cultivated for arable farming. Farmyards are clustered along the edges of the lowest part of the
valley.

4

Composition
A composition is formed by the surrounding landscape elements in the background.
In the direct surrounding of the wind park there are no landscape elements that play a major role in the composition,
although some wood banks can be found in this direct surrounding. The landscape becomes scenery, the wind park is
situated in an open space. The turbines do not ﬁll up the
whole valley but leave enough space to let the surrounding
planting function as background.
Remarkable are the two power lines traced through the park.
These are the only elements which are directly related to the
turbines.

The viewer
Most viewers move along the main road south of the park.
From there the park is completely invisible mainly due to
planting on farmyards located along the road.
Although the terrain around the wind park is almost completely open one will not notice the turbines very quickly. In
general counts that one will notice the turbines when there is
a the view between two farmyards.
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F

jerritslev - Klim
Number of turbines:

35

Power per turbine (MW):

0.6

Lay-out:

triangular raster

Distance between turbines (m):

L: 150 W: 200

Hub height (m):

45

Rotor diameter (m):

44

Proportion tower rotor diameter:

1:1

Power pylons
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Wood banks

Landscape
The wind park of Fjerritslev is a rather large wind park near
the village it is named after. It is located in the north of Jutland. The landscape in this part of Denmark is rather ﬂat,
unless some slopes can be found on a larger distance from
the park. To a large extend this landscape is comparable with
older polder areas in The Netherlands. Parcels are in general
straight but not extremely large and mainly in use for arable
farming. Many canals in the area point to a wet area, these
canals are sometimes grown with reed and some bushes,
giving almost the same effect as a wood bank. Small areas of
woodland and many wood banks, mainly of ﬁr trees, are
spread in the area.
Farms are often grouped in clusters, but there are also some
scattered ones. Only clustered settlements can be found. The
direct surrounding of the park is empty.
The road system is coarse with many unpaved roads.

4

Composition
A composition is formed with the wood banks in the park and
some surrounding wood banks. Views on the park are framed
by these composition elements. The feet of the turbines are
often invisible, sometimes the whole view on the wind park
is blocked.
The power lines are also part of the composition. From some
view points the power line makes the lay-out of the wind
park stronger by following its direction on a distance.
A lot smaller wind parks and single turbines can be found in
the surrounding area. From a distance it is not always clear
whether they belong to the park.

The viewer
From the road between Thisted and Fjerritslev one has a
prominent view on the wind park, even from a larger distance. Because of the presence of other wind parks in the
neighborhood, the landscape sometimes has the character of
a wind landscape.
Vistas through mass elements are often ﬁlled with wind turbines, which make the park an even more prominent part of
the landscape.
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From a certain point of view three clear rows
can be distinguished

Inside the park the space is divided by some prominent wood banks
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H øjer - Rejsby Hede
Number of turbines:

44

Power per turbine (MW):

0.6

Lay-out:

rectangular raster

Distance between turbines (m):

200

Hub height (m):

45

Rotor diameter (m):

42

Proportion tower rotor diameter:

1:0.9

Small blocks of woodland
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Wood banks

Landscape
The wind park of Højer is located in the southwestern part of
Denmark, close to the border with Germany. A larger village
in the neighborhood is Tønder. The park is situated only a few
kilometers from the sea, though the presence of the sea can
hardly be noticed in the landscape.
The image of the landscape is set by a huge amount of wood
banks and small blocks of woodland. The woodlands and
wood banks mainly consist of ﬁr trees, which means that
they are also green during winter time. Towards the coastal
area the landscape is more open with less wood banks.
Parcels are not extremely large and in use for arable farming.
The road pattern is coarse, many unpaved roads are in use
by farmers to reach their parcels.
Occupation is concentrated in a few, small villages which
mainly consist of groups of farmhouses. Single farmhouses
are scarce.

4

Composition
Wood banks and fragments of woodland are the main elements in the composition of the wind park. These elements
make that the turbines can almost never be seen completely.
From many sides the view towards the park hardly changes:
turbines partly disappearing behind wood banks.

The viewer
From the main road along the coast the park is clearly visible,
though never completely. Because planting is relatively low
and there is hardly any planting around farms, there are
many views on the park, even from small villages like Skast
and Hjerpsted. The park is also visible from a larger distance.

121

2

1

1

2

122

Spaces divided by wood banks

More open spaces viewed from the coastal road
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M ariager - Overgard Gods
Number of turbines:

20

Power per turbine (MW):

2

Lay-out:

triangular raster

Distance between turbines (m):

450

Hub height (m):

68

Rotor diameter (m):

72

Proportion tower rotor diameter:

1:1.1

Wood banks
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Large blocks of woodland

Landscape
The wind park of Mariager is located near the Mariager fjord,
slightly above the middle of Jutland in Denmark. Nearby villages are Mariager, Hobro and Hadsund. The area where the
park is located is ﬂat, but more to the west and south it is
more hilly. This is also where most of the villages are located.
The landscape is made for agricultural production with large
parcels and huge farms. Besides these farms, there are only
few very small villages and some single farms. The road system is coarse and consists of local roads only. Many roads are
unpaved and only used to reach parcels and farms.
Between the location of the wind park and the open water all
parcels are heavily planted with wood banks. This makes the
presence of this large open water almost invisible.
Large wooded areas can be found around the location of the
wind park, mostly on the slopes of the hills but also between
the wind park and the ‘younger’ land next to it.

4

Composition
The hills and the large areas of woodland are part of the
composition of this wind park. They both divide and deﬁne
space.
The view towards the park is variable, because parts of the
turbines, sometimes even parts of the park are invisible.

The viewer
This area will hardly be visited by other people than the people who live here. Nevertheless, the large farms and parcels
and the character of a production landscape ﬁt, both in size
and in meaning, together with the wind park.
The wind park is clearly visible from the surrounding landscape, also from the other side of the Mariager fjord.
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Overview of the whole park; an open space outlined by large blocks of woodland
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R ougsø - Hollandsbjerg Holme
Number of turbines:

11

Power per turbine (MW):

1.5

Lay-out:

curved line

Distance between turbines (m):

250

Hub height (m):

60

Rotor diameter (m):

64

Proportion tower rotor diameter:

1:1.1

128

Landscape
The wind park Rougsø is located at the eastern coast of the
Randers fjord, about ten kilometers east of the city of Randers. In the direct surrounding of the park the land is completely ﬂat and primarily used for arable farming. The parcels
are large and many roads are unpaved. This open part of the
landscape seems to be no-mans land, not long ago drained
and cultivated.
Almost all human settlements are located on the hills around
the fjord. Those elevated terrains are used for arable farming
but are also covered with woodland and scattered wood
banks.

Composition
The large open space and the lack of any vertical landscape
elements around the wind park are the reason that no composition is established. The wind park forms its own composition. Landscape elements in the direct surrounding of the
wind park, whether this is planting or even a pattern in the
ground plane do not contribute to the image of this park.
Although the nearest vertical landscape elements are far
away, these elements certainly play a role in the image of the
wind park perceived by the viewer. All those elements together, including woodlands, hills and villages are part of a
landscape that forms a setting which is always there in the
background. One can say that the composition is characterised by the scenery created by the surrounding landscape,
the composition type is open space.

4

The viewer
Most viewers will move along the main roads between the
villages. From these roads the wind park is visible from time
to time. Here one moves along the borderline between an
open space and a more enclosed and hilly landscape. The
visibility of the park depends of the position of woodlands
and wood banks along the roads.
When moving through the large open space no vertical element blocks the view. Seen from this point of view the wind
park is a prominent and remarkable structure in the landscape.
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U lfborg - Øster Bur
Number of turbines:

15

Power per turbine (MW):

0.6

Lay-out:

triangular raster

Distance between turbines (m):

250

Hub height (m):

50

Rotor diameter (m):

44

Proportion tower rotor diameter:

1:0.88

Wood banks

132

Landscape
East of the city of Holstebro in the middle of Jutland the landscape is build up by valleys surrounded by hilly terrains with
an altitude of maximum twenty meters. The slopes of these
hills are covered with woodland; the valleys are ﬁlled up with
a dense and geometrical pattern of wood banks, based on
the agricultural parcelling. This planting gives the landscape
a small scaled appearance. Only when standing at the top of
one of the hills the viewer is offered an overview over the
landscape. From this point of view one will also notice other
nearby wind parks.
The region is not very dense populated. Equally spread one
will ﬁnd single farmhouses, connected with each other by an
irregular network of local, sometimes unpaved roads. Some
settlements are more densely build and can be called small
villages.

4

Composition
The wind park of Ulfborg, named after the municipality, is
positioned in one of the valleys. The ﬁfteen turbines of the
park are closely related to the local pattern of wood banks.
In an area characterised by agricultural activities the turbines are positioned at the border lines of adjacent parcels.

The viewer
From the surrounding local roads and farmyards the wind
park is sometimes visible. The visibility mainly depends on
the position of the viewer. Remarkably the lower parts of all
the turbines are always covered by planting.
A main road and a railway are positioned directly south of the
park. Although those two lines of infrastructure are within a
kilometer of the park, the turbines are practically invisible
from this point of view.
Considering the relatively low height of the turbines one can
state that wind parks allocated in this type of landscape are
not outstanding at all, even when there are more wind parks
in the neighbourhood.
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The position of the turbines is related to a
geometrical pattern of wood banks

The park is allocated in a valley ﬁlled with a dense pattern of wood banks
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Chapter 5
Analysis

137

I

ntroduction
During the ﬁeld research, many aspects of wind turbines and
wind parks in relation to the landscape are investigated. All
ﬁeld data are analysed and grouped into different themes.
Most themes are related to the questions from the checklist
and to the hypotheses , but some additional effects are found
which are also explained in this chapter. Some questions
from the checklist could not be answered properly, because
the data did not offer enough information to come to an unambiguous conclusion. These questions are elaborated out in
this chapter.

surrounding or context of the wind park. At this level interference and composition with landscape elements are researched. The visibility of the wind park and the landscape
image are researched on the largest scale level. Sometimes
themes are researched on different scale levels, for example
the lay-out of a wind park. For example: on the lowest level
the type of lay-out is researched. On the middle scale level
are researched the effects of a certain type of lay-out.

Every theme consists of several important topics. These topics are analysed as objective as possible. Nevertheless all
data are based on personal measurements and experiences
in the ﬁeld and are somewhat ‘coloured’ by the professional
background of the researchers.
Therefore every conclusion is explained thoroughly and, if
possible, connected to theories found in literature. Where
possible conclusions are illustrated by pictures and sketches.
Finally, for every topic an advice considering the future design of wind parks is generated. This advice can be seen as a
subjective addition based on our landscape architectonic profession.

In the list below the questions of the checklist (C) and the
hypotheses (H) which are answered in this chapter are categorized per theme:

Main themes
Four main themes are distinguished:
Tools; these topics represent the intern structure of
a wind park like the amount, the height or the colour
of the turbines and the way the turbines are arranged.
Composition; these topics represent the relation
between the wind park and landscape elements in its
direct context. Examples are: interference, connection to the ground plane and the composition between wind park and landscape elements.
Landscape; these topics concern the landscape on a
larger level like the overall visibility and the landscape image that is formed.
Perception; these topics are based on the human
perception of wind parks and are closely related with
the three other themes.
The research is done at different scale levels. The lowest
level is the wind park itself. On this level many of the tools
are researched. The level in the middle is called the direct

138

Checklist and hypotheses

Proportion tower - rotor diameter
H 4.1 The proportion between rotor diameter and tower
inﬂuences the perception of height
Colour
H 1.1 When the lowest part of the turbine is coloured
green (green foot), the turbine is less explicit into
the landscape
H 1.2 Contrasting colours attract attention to the turbine
H 1.3 Contrasting colours make wind turbines more visible
on larger distances
Lay-out
C 4.2a Is the lay-out recognizable?
C 4.2b Does the position of the viewer of inﬂuence the
readability of the lay-out?
H 5.1 When a raster exist of more than three lines, the
amount of lines is difﬁcult to estimate
H 5.2 The lay-out is recognizable nearby, from larger
distances the lay-out is unclear
H 5.3 When a raster has the same direction as the viewer,
its lay-out is more readable
H 5.5 A line gives direction to the landscape, even when it
is not laid out in the same direction as the landscape
H 5.6 Lines which are orientated into another direction
confuse the viewer
H 6.1 The amount of wind turbines in a wind farm is per
ceived larger within a line then a raster or cluster
Gaps & Irregularities
C 4.3 Are irregularities or gaps visible in the landscape? If

yes, do they inﬂuence the readability of the lay-out?
C 3.6 Do irregularities or gaps inﬂuence the composition?
If yes, how does it inﬂuence the composition?
H 5.4 Within rasters gaps don’t strike, while gaps in lines
are clearly visible
H 5.7 Gaps or irregularities in a wind park are annoying
Perception of height and landscape elements
C 3.1c How does the distance between the vertical land
scape elements and the wind park inﬂuence the
perception of heights of and distances between the
wind turbines?
C 4.4 Does the landscape inﬂuence perception of heights
of the turbines?
C 4.6 Does the wind park inﬂuence perception of vertical
landscape elements?
H 2.1a When the lowest part of the tower is hidden, the
height of the turbine is difﬁcult to estimate
H 2.2 The position of the viewer in comparison with other
landscape elements can inﬂuence the perception of
heights
H 2.4 When the distance between viewer and wind park
becomes smaller, the turbines are perceived higher
Uncovered tower effect
C 3.5 Which parts of the turbines are visible (percentage)?
H 4.1 The proportion between rotor diameter and tower
inﬂuences the perception of height
Perception of distances
C 4.5 Does the landscape inﬂuence perception of distances
between the turbines?
C 4.7 Does the wind park inﬂuence perception of distances
in the landscape?
H 2.1b When the lowest part of the tower is hidden, the
distance to the turbine is difﬁcult to estimate.
H 3.1 The wind park gives landscape a size which makes
the estimation of distances easier
H 3.2 A raster minimizes the landscape
H 2.3 A line doesn’t minimize the landscape
H 7.3 The larger the distance between wind park and other
landscape elements, the less a landscape will be
minimized
Group effect
H 2.3 A single turbine is perceived larger then a wind park

Composition elements
C 3.1a Which vertical landscape elements form, together
with the wind park, a composition?
C 3.1b What is the role of these elements is in the
composition.
Interference
C 3.2a Is there any interference between the wind park and
other landscape elements?
C 3.2b Is there any interference between the rotor blades
and other landscape elements?
H 7.2 The larger the distance between wind park and other
landscape elements, the less interference
H 7.1 The view on a wind turbine is more peaceful when
the rotor is completely visible
Lay-out related to patterns and structures
C 3.3 Is the lay-out of the turbines related to two-dimen
sional patterns in the ground plane?
If yes, is this relation visible?
C 3.4 Is the lay-out of the turbines related to structures
with a higher hierarchy in the landscape?
If yes, is this relation visible?
H 5.8 The lay-out is better readable when it is related to
patterns in the ground plane
H 5.9 The lay-out is better readable when it is linked to
structures with a higher theory.

5

Visibility
C 2.6 What is the visibility in the surrounding landscape
(percentage)
C 2.7 Are there places where the wind park can be
completely seen
C 2.9 Where can most viewers be found and what is the
visibility of the wind park to them
(roads and settlements)?
Landscape image
C 4.8 Does the image of the landscape change because of
the wind park?
Orientation point
C 4.9 Is the wind park an orientation mark?
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Tools

5
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A

mount
From an aesthetical point of view it has to be concluded that
the amount of turbines in a wind park is limited. A wind park
that is too large is perceived as a visually dis harmonic group
of turbines. Turbines behind each other interfere and appear
as one visual clutter. The moving rotors are mixed up and
create a restless image. This type of interference is called
interference within a wind park.
Perspective shortening
A perspective view on eye level gives a strong shortening in
depth. The further objects are away, the harder it becomes
to measure the exact distance towards these objects. In fact,
distances between objects further away are not even noticeable at a certain point at all. In this case the objects appear
to be all located on one and the same imaginary line. The
objects are on the horizon. Seen from a distance of about
thousand meters objects appear to be on the horizon.
On the contrary, the width in a perspective view is not subject of any shortening at all.
Imagine a landscape with a wind park laid out in a regular
raster and consisting of only about ten turbines. Seen from a
larger distance, for example when the park is on the horizon,
the single turbines in this park are easily recognizable and
their position in the lay-out is in a way noticeable. All the
time the image, which in fact is a perspective image, is inﬂuenced by perspective shortening.
Next, the number of turbines in this particular lay-out is increased. From ten to twenty to thirty and so on. For only ten
turbines the perspective shortening does not play a major
role, but at some point the number of turbines becomes too
large. What happens is that the lines of turbines within the
wind park become too long. Combined with the inﬂuence of
perspective shortening, the image and lay-out of the wind
park are increasingly becoming less clear and recognizable.
The turbines start to clutter together.
Visual clutter occurs together with perspective shortening
and is strongly enhanced by an increasing number of turbines. In elongated lay-outs perspective shortening occurs
earlier, since perspective works mainly in the depth and not
in the width. Therefore the number of lines within a wind
park should not be too large.
Besides this, also the spacing between wind turbines within a
lay-out inﬂuences the occurrence of visual clutter. Smaller
distances between turbines increase the occurrence of cluttering. Irregularly laid out clusters of turbines can cause dif-
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ferences in the cluttering effect.
When Nysted Offshore wind park (72 turbines) is compared
to wind park Emden (65 turbines), more visual clutter occurs in the last one.
The distance between the turbines in the wind park of Nysted
is with 800 meters twice as large as the distance between the
wind turbines in wind park Emden. Also the irregular lay-out
of wind park Emden makes the effect of visual clutter stronger.
How many?
This research did not provide the right information to come
up with an exact number of turbines preventing any visual
clutter. As described above the effect of cluttering is hard to
measure and is based on several single variables.
Still, one conclusion can be made. In general it can be said
that cluttering is not noticed in groups of maximum 35 turbines.
The advice is not to design wind parks consisting of many
rows. It is more aesthetic to design smaller parks and spread
them into the landscape.

At Nysted offshore wind park perspective shortening does not occur

Prospective shortening does not occur at wind parks smaller than 35 turbines

5
Perspective shortening occurs when the amount of lines gets too high in the depth

Prospective shortening can been seen at wind park Emden which consists of lines of 16 turbines
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H eight
Many different heights of wind turbines can be seen in the
ﬁeld. Old models have a tower height of 30 to 50 meters
while the newest turbines are reaching up to 120 meters.
The height of a wind turbine is limited by costs and technology. The height of a turbine also depends of the amount of
wind at a speciﬁc location.
Turbines with a taller tower are usually able to deliver electricity for a lower price. In general it counts that the larger
the tower the larger the set of rotor blades can be. Larger
rotor blades are able to catch more wind and thereby produce more electric energy. The costs of turbine foundations,
building roads, electrical grid connection and a number of
other components inside the turbine are independent of the
size of the turbines.

Urk
Hub height = 35m
Rotor diameter = 25m

Midlum
Hub height = 35m
Rotor diameter = 40m

Esens
Hub height = 50m
Rotor diameter = 43m

Ulfborg
Hub height = 50m
Rotor diameter = 44m

Dronten
Hub height = 70m
Rotor diameter = 48m

Goes
Hub height = 70m
Rotor diameter = 52m

A lower tower has its advantages too. Smaller wind turbines
usually are equipped with a smaller set of rotor blades. Less
electricity can be produced and therefore these turbines are
easier to connect to the electrical power grid. These turbines
cause less ﬂuctuations in the electricity network since wind
ﬂuctuations occur randomly. This means that not all wind
turbines stop or start turning at the same time. The material
costs of smaller wind turbines are lower (for building but also
for maintenance) and the risk of machine failure is spread.
The rotational speed of a large turbine is much slower, which
means that one large machine does not attract as much attention as many small, fast moving rotors of smaller turbines
do. Also the amount of turbines in a wind park depends on
the height of the turbines. Ten large wind turbines can produce the same amount of energy as twenty small ones.
The way people perceive different heights will be explained
later, just as how to design with heights.
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Zeewolde
Hub height = 38m
Rotor diameter = 60m

Franeker
Hub height = 40m
Rotor diameter = 37m

Højer
Hub height = 45m
Rotor diameter = 42m

Fjerritslev
Hub height = 45m
Rotor diameter = 44m

Aalborg - South
Hub height = 45m
Rotor diameter = 48m

5
Zeewolde
Hub height = 60m
Rotor diameter = 60m

Apensen
Hub height = 70m
Rotor diameter = 66m

Rougsø
Hub height = 60m
Rotor diameter = 64m

Dahlenburg
Hub height = 100m
Rotor diameter = 80m

Almere
Hub height = 67m
Rotor diameter = 66m

Bippen
Hub height = 100m
Rotor diameter = 82m

Dronten
Hub height = 68m
Rotor diameter = 80m

Mariager
Hub height = 68m
Rotor diameter = 72m

Emden
Hub height = 120m
Rotor diameter = 112m
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P

roportion tower - rotor diameter
The proportion between the tower of a wind turbine and its
rotor diameter has a great impact on how a turbine is perceived. The importance of right proportions is already described by the Roman architect Vitruvius. In his book ‘on
architecture’ he states: ‘Proportion implies a graceful semblance; the suitable display of details in their context. This is
attained when the details of the work are of a height suitable
to their breadth, of a breadth suitable to their length; in a
word, when everything has a symmetrical correspondence.
Symmetry also is the appropriate harmony arising out of the
details of the work itself; the correspondence of each given
detail among the separate details to the form of the design
as a whole (…)’
Whether a wind turbine is perceived as aesthetic or not also
depends on right proportions. Basically, three combinations
of tower and rotor diameter are possible:
Turbines with a rotor diameter which is larger than the height
of the tower of the turbine (tower < rotor diameter) look
friendly, almost like the traditional windmills. These turbines
can be compared to babies or young animals, with relatively
large heads compared to the rest of their body. The blades of
these turbines seem to touch the ground, giving people the
feeling they have to bend over. These turbines are usually
perceived smaller than they actually are.

´Dwarf´ at Dodaarsweg
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Turbines can also have a rotor diameter which is smaller than
the height of the tower (tower > rotor diameter). They seem
to have a ‘long neck’ and are usually perceived somewhat
larger than their actual height. The perception of height of
these turbines is possibly affected by the fact that the whole
rotor is almost always moving above mass elements in the
landscape.
The most common combination is the one where the height
of the tower is equal to the rotor diameter (tower = rotor
diameter). This 1:1 proportion is perceived as aesthetic, the
turbine is well-balanced. The perception of the height of the
turbine is not inﬂuenced by these proportions.
Basically, every combination of proportions between tower
and rotor can be made at any place. However, not every
combination is optimal in every landscape, and wind turbine
manufacturers wish to optimize their machines. Technical aspects about rotor diameters is already explained in chapter
2, technical background.
In the Netherlands the height of the tower and the rotor diameter are often ﬁxed in the building permit. However many
models are provided in a standard 1:1 proportion.

´Long neck´ at Willem Anna Polder

Aesthetic proportion at Rougsø

A toy plane looks very friendly because of its short tale and wings,
it is perceived as small

A real air plane has large wings and tale, it is perceived as a huge
object

5
Dodaarsweg
1:1.60

Biddinghuizen Midlum
1:1.18
1:1.15

Tower < rotor diameter

W.A. Polder
1:0.74

Bippen
1:0.80

Tower > rotor diameter

Westermeerdijk
1:0.71

Mariager
1:1.06

Dodaarsweg
1:1

Apensen
1:0.94

Tower = rotor diameter
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Aalborg - North

Aalborg - South

Goes

Apensen

Zeewolde

Zeewolde

Zeewolde

Emden

Franeker

Rougsø

Dronten

148
Højer

Esens

Brovst

Dahlenburg

Esens

5

Mariager

Midlum

Almere

Emden

149
Dronten

Bippen

Ulfborg

Esens

C

olour
The main colour of most wind turbines is white. The white
colour of a turbine gives it a clean, environmentally friendly
and peaceful character. It is obvious that the turbine is manmade, but it is neutral and does not attract too much attention.
There are also many examples of colour and colour accents
on wind turbines. These colours can cause certain effects.
Sometimes a colour accent belongs to a certain type of wind
turbine, for example the green foot. Otherwise giving a colour
or colour accent to a turbine is the choice of the developer of
the wind park.

Red marks
Because of air trafﬁc, the tips of some wind turbines are
painted red. Especially in the neighbourhood of airports turbines must have red signal colours. Large turbines with a
tower height of 100 meters must always have red marks. The
rules about red marks depend on the country.
The red marked tips emphasize the technical character of the
wind turbine and especially the movement of the rotor.
It can not be concluded that red marks on the rotor increase
the visibility of a wind turbine. It can be said that one red
band gives a more tranquil image than a double band.

Green feet
Within some turbine types, the lower part of the wind turbine
is painted green. The theory behind this is that it should
make the turbine, in a way, ‘invisible’ and more connected to
the landscape.
This strategy has no effect, since from a larger distance only
the upper part of the turbine can be seen and this part is, like
other turbines, white.
On a shorter distance the only effect is that the attachment
of the turbine to the ground plane is less explicit. During autumn and winter, the green foot will even contrast with the
landscape.

Coloured tower
The 10 wind turbines of Almere have a tower which is partly
painted red, orange and yellow. In wind park Franeker the
towers are coloured red and white. These wind parks distinguish themselves from other wind parks and therefore attract the attention of the viewer. They function as an orientation point in the landscape. The red colour contrast with the
green landscape and blue sky which decreases the connection between turbines and the landscape
It is not possible to say if colours increase the visibility of the
turbines, but coloured turbines will always attract more attention than white ones.

Green feet do not make a
turbine invisible

Red towers contrast with the landscape. They attract the attention
of the viewer.
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Red marks emphasize the
movement of the rotors

A colourful world?
There are many examples of colour accents on wind turbines.
Examples are a red stripe on the foot of the turbine, a grey
vertical stripe on the tower or red and yellow paint on the
rotor. For every accent on a wind turbine counts that it distinguishes itself from other, white turbines.
Colour accents make the world of wind turbines more divers
and can make a wind turbine to function as an orientation
point, for example the turbine of Tvind.
Nevertheless, if all turbines will be coloured or have a colour
accent, it will be too much. It can be compared with the architecture of housing or business areas. While one building
with striking architecture is remarkable (and possibly beautiful), a whole city of buildings with striking architecture is too
much, for example Almere.
Painting a wind turbine grey will make it less visible, but it is
no use to think modern wind turbines can be hidden. They
will be part of present and future landscapes and therefore
there existence should not be denied.
The use of colour depends on the landscape type. In complex
landscapes it is better not to use any colour and leave the
turbine white. In less complex landscapes, like the Dutch
geometric polders, colours and colour accents on turbines
will not cause problems and might even add something to
the landscape.
In general it can be said that it is better to use subtle colour
accents and to let the main colour of the turbine be white.

Turbines in the Noordoostpolder and at Tvind act as an orientation
point

5
Too many colours in a landscape give a restless image

Overview of coulored wind turbines seen during the ﬁeldwork: Midlum, Franeker, Tvind, Emden, Esens, Almere, Dahlenburg and Emden
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A

ttachment to the ground plane
The way in which a wind turbine is attached to the ground
plane is only important at a shorter distance from the wind
park, from where the lower part of the turbine can be seen.
The lay-out of the lower part of the tower, what will be called
the foot of the turbine, is for nearly every turbine the same:
an often oval shaped door to enter the tower and a small
staircase leading to this door. Sometimes there are some additional lights or cameras.
Subtle differences can be found in the surroundings of the
turbine. Some aspects are in this case important:
·
The location of the transformer
·
The concrete foundation of the turbine
·
The maintenance path
The location of the transformer
To make the energy produced by the wind turbine suitable
for the electricity network, a transformer is needed. Usually
these transformers are placed in a small building next to the
turbine. Unless the colour is often the same as the colour of
the turbine, these small buildings have no speciﬁc design.
The only visible connection between turbine and transformer
is their position next to each other.
In new models of wind turbines the transformers are almost
always placed inside the tower.
The foundation of the turbine
Every wind turbine needs a concrete foundation for its stability. However, the visibility of this foundation differs between
different wind parks.
In The Netherlands the foundation often appears at the surface, creating a concrete plateau on which the turbine is

placed. There are also wind parks where the foundation appears as a concrete block with the turbine on top (for example wind park Midlum). Possibly this concrete extension
of the foundation is used as a tower extender to make sure
all hubs are at the same height in hilly terrains.
In Germany and Denmark it is more common to have the
foundation of the turbine just beneath ground level. It is even
possible to bury the foundation 1-2 meters below the surface, which makes it possible for the farmer to plough up to
the base of the towers. If the foundation is buried, all kinds
of grass and herbs are able to grow on it, making the turbine
rising from the earth, almost like a mushroom or a tree.
If the concrete foundation appears at the surface, the strong
connection between the turbine, its tower and the earth is
disturbed and the footprint of wind energy in the landscape
is increased.
The maintenance road
In every wind park the wind turbines have to be accessible in
case of technical break down and for usual maintenance. On
average, maintenance is only necessary during seven days a
year. In those cases sometimes heavy machines have to
reach the wind turbine. This is why maintenance roads are
often elaborated in wind parks.
In the Dutch polders a concrete road is often necessary because of the clayey soils, but in areas with a more solid surface it is also possible to use paths made out of gravel. Advantage of these kinds of roads is that vegetation has the
ability to grow on it.
In Germany and Denmark some wind parks do not have any
maintenance roads. When machines have to reach a wind

The concrete foundation of a turbine can be situated under the ground. The amount of technical interventions surrounding the wind turbine
determines wether it has a technical or natural appearance.
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Different maintenance roads; Esens, Emden and Dronten

turbine they make use of an unpaved path on the farmers
parcel. This makes them hardly visible and increases the natural connection of the wind turbine to the ground plane. The
use of special all-terrain vehicles can make maintenance
paths superﬂuous as well.
Foot of the turbine in relation to the height
Unless there is a huge difference in heights between turbines, the size of the foot of the turbine hardly shows any
difference.
The foot of a turbine with a hub height of 100 meters, for
example near Dahlenburg in Germany, is only a bit bigger
than one of a turbine with an hub height of 70 meters, for
example near Almere in The Netherlands. The difference can
only be noticed when a direct comparison is possible.
The foot of a turbine with a hub height of about 120 meters,
for example near Emden in Germany, is enormous. This
makes the impact of such a turbine in the landscape a lot
bigger as well. If the size of the foot is really necessary for
turbines of this size, it can be a reason to place turbines with
a hub height of 100 meters as a maximum.

Less is more
In general it can be said that ‘less is more’ in case of the feet
of the turbines: the more technical interventions around a
wind turbine, the more it gets the character of an ‘industrial
thing’.
When placing a wind turbine it should be considered to integrate the transformer with the tower of the turbine. Nowadays, this is possible with the advent of larger turbines. When
larger turbines are used with tubular towers, the transformers and control panels can be installed inside the towers.
An invisible foundation contributes to a pleasant integration
of the turbine to the ground plane. Depending on the solidity
of the ground unpaved or half paved paths can be used to
reduce the technical character of the turbine. Existing farm
tracks can be used instead of new concrete roads. Where
possible, developers and designers should use existing roads
or farm tracks instead of creating new roads. This ‘tread
lightly’ practice minimizes the technical impact of a wind
park.

The size of the foot is not exactly correlated to the height of the turbine: Emden hub height = 120m, Dahlenburg hub height = 100m, Almere
hub height = 70 m. A large foot increases the impact of the turbine.
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Aalborg - North

Emden

Goes

Zeewolde

Zeewolde

Dahlenburg

Rougsø

Franeker

Dronten

Emden

Emden

Tvind
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Apensen

Bippen

Esens

Mariager

Midlum

Urk

Ulfborg

Esens

Fjerritslev

5
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Esens

Almere

Højer

L

ay-out
A wind turbine placed in a park still needs to be able to produce its energy out of the power of the wind. The difﬁculty is
that each wind turbine will slow down the wind behind it as it
pulls energy out of the wind and converts it to electricity.
This wind turbulence is called the park effect and causes energy loss. In order to minimize this loss of energy to somewhere around ﬁve per cent, which is negligible, there needs
to be a minimum space between the turbines. As a rule of
thumb, turbines in wind parks are usually spaced somewhere
between 5 and 9 rotor diameters apart in the prevailing wind
direction, and between 3 and 5 diameters apart in the direction perpendicular to the prevailing winds. For every wind
park the most proﬁtable lay-out is calculated. This depends
on the landscape and wind direction.
Many different types of lay-outs are analysed during the ﬁeld
research. Aesthetically they all have their advantages and
disadvantages.

Single lines are always readable, wind park Dronten

Readability of lay-out
The lay-out of a wind park is much easier to understand if the
viewer is able to distinguish the single lines of turbines within it. A single line arrangement will always be understood as
a row of turbines. This straight line of turbines is probably
the best readable arrangement. In case of a curved line the
curve is only readable from speciﬁc points of view (see also
wind park Rougsø).
The main characteristic of a line is that is holds a clear direction. The same counts for two lines arranged parallel along
each other. A lay-out that consists of three lines of turbines
or more is called a raster. Whether this raster holds a direction depends on the length and the number of turbines.
Seen from above, for example on a plan, a raster pattern is
recognized almost immediately. In the ﬁeld, with a perspective view on eye level, the raster pattern will only be recognized under certain conditions. One of the most important
conditions is the point of view from where one sees the pattern. Besides this, also the internal arrangement of lines
within the raster plays a role. Considering the distances between turbines within a single line to be equal, there can be
distinguished two types of rasters. Within a rectangular raster distances between turbines at right angles are unequal to
diagonal distances between turbines. A triangular rasters
holds equal distances between all the turbines. Seen from
above, one can notice that lines within this type of raster are
a little shifted.

Lines in a triangular raster, Aalborg - South

An irregular cluster, wind park Esens
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Straight on its lines a raster is easy to recognize, wind park Højer

5

From another corner the raster is perceived as an irregular cluster, wind park Højer

Rectangular raster

Triangular raster

Random cluster

Line

Double line

Curved line

Investigated lay-out types
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Imagine moving along a wind park arranged in a raster pattern. In case the pattern is regular the viewer needs to move
parallel along the raster in order to be able to recognize the
single lines within. When the raster is characterized by a triangular pattern the single lines are most recognizable if one
moves in a direction of 120 degrees opposite to the direction
of the lines.
The foregoing shows that the orientation of the lay-out towards a road or path is very important when speaking of
readability.
Another aspect that contributes to this readability is the time
the wind park is visible for the viewer. It appears to be hard
to recognize any lay-out when views on a wind park are brief.
This is for example what happens in enclosed landscapes.
When a design for a wind park is made in this particular type
of landscape, one should consider that a raster pattern is
only noticeable for short periods of time. Here also, the orientation towards the viewer can be decisive for the overall
recognition of the wind park in the ﬁeld.
Finally, the number of lines within a raster also for a large
extend inﬂuences the readability of the lay-out. When a wind
park consists of more than four lines it appears to be almost
impossible to count the total number of lines.
Raster versus Line
A wind park made by a raster or an irregular cluster is perceived to comprise less turbines than a wind park arranged
in a line, consisting of the same number of turbines. However, this aspect is only relevant for relatively large wind
parks. The type of lay-out of a relatively small wind park, for
example one of ten turbines, nearly inﬂuences the number of
turbines that is perceived. On the other hand, when a line of
49 turbines is compared with a raster with seven lines of
seven turbines, the latter is much more concentrated at one
place and therefore visually appears to exist of less turbines.
Aesthetics
It is impossible to conclude one type of lay-out to be the aesthetically considered best arrangement. Many times the characteristics of the surrounding landscape play a decisive role
in the choice of a certain type of lay-out.
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Lines are very strong ﬁgures which are easy to understand.
A line has a clear direction. If it is chosen to allocate a line
arrangement in a certain landscape, it should be considered
that existing directions being part of this landscape, for example parcelling patterns, probably will strongly interact with
the direction of the line. In order to prevent the occurrence
of conﬂicting or confusing differences in direction, it is advised to adjust the direction of the line to these of the landscape.
In The Netherlands many lay-outs of wind parks are related
to lines in the landscape. This relation can increase the overall readability of the lay-out in the ﬁeld. Straight line elements in the landscape are, whether this is a road, a row of
trees or a row of turbines, clear expressions of human interventions. Therefore, it is likely that one will search for the
reason why a row of turbines is characterised by a certain
direction.
A line in the ground plane gets in a way a three dimensional
appearance when turbines are sited along it. A visible relation is established. This relation has to make sense. A wind
park related to a large sea dike is a logical choice, since the
wind park and the sea dike can both be seen as landscape
elements with the same rank when speaking of size and appearance. The same wind park related to a small ditch makes
less sense, because a ditch in the landscape is an element of
a lower rank.
Lines of turbines can inﬂuence the image of the landscape in
many different ways. When seen from beside a (long) line
can cover the horizon for a big part. When all the turbines are
seen behind each other, only a much smaller part of the horizon is covered by wind turbines. At this point the turbines
can give a restless image, called interference among rotor
blades or the grinder effect (Gehaktmolen effect). In order to
neutralize this effect it might be possible to make the blades
turn synchronic. From a technical point of view this reduces
the amount of energy produced since all turbines have to follow the slowest turbine.
Rasters are less strong ﬁgures than lines. They do not give
direction to a landscape unless they are not elongated. Therefore the direction of the landscape is not of major importance

Lines visible in a rectangular raster

5
Lines visible in a triangular raster

9 turbines

16 turbines

25 turbines

A line needs more space than a raster with the same amount of
turbines

The ‘Grinder Effect’, wind park Dronten
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when placing a cluster or raster.
A rectangular rasters is a static ﬁgure which can be very
massive with its straight lines. A triangular raster and irregular cluster are more dynamic and have a diffuse border. Within rasters the ‘Grinder effect’ also occurs. But it switches from
one line to another when moving through the landscape.
Elongated rasters are not perceived as aesthetic since many
lines behind each other stimulate interference.
Within random clusters lines of turbines can not be recognized. Random clusters can serve a peaceful image, since
one does not have to search for geometrical patterns. It is
like hearing a conversation during your train trip. When people speak your language it is hard to suppress the need to
follow the conversation. When an unknown language is spoken, the conversation will only be muttering in the background. Random clusters can accentuate irregularities in a
landscape. Nevertheless, this does not mean that in irregularly shaped landscapes irregular arrangements are the only
solution.
Relation
Within random clusters distances between the turbines differ.
Normally, the distance between wind turbines is about ﬁve
times the rotor diameter of a turbine. This distance often is
larger within random clusters. In order to keep a visual relation between the wind turbines in an irregularly laid out wind
park, it is important to limit the distance between turbines.
When distances get too large, the turbines are perceived as
solitaires instead of belonging to a group. For example the
random cluster of wind park Dahlenburg has too much
space between the turbines and can hardly be recognized as
being grouped into a park. Another example is the wind park
of Bippen which consists of two clusters of six turbines. The
clusters are situated in an enclosed landscape, relatively far
from each other. There is no visible relation between the two
clusters. The turbines are not perceived as being part of one
park. The three lines in Biddinghuizen however are single
wind parks but seem to belong to each other. This is caused
by a clear view relation and the lay-outs of the lines. They
are located in each others length.
It is not clear how much distance is necessary to keep a visible relation between the turbines, but it is advisable to locate the turbines in such a way that single turbines are always perceived as belonging to a group. Especially this counts
when more wind parks are situated in the neighbourhood.
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Wind park Dahlenburg

Wind park Bippen

Wind park Dronten

Wind park Dahlenburg, the turbines almost act as solitaires

Wind park Bippen, without a visible relation the two parts do not seem to belong to each other

Wind park Dronten, the three wind parks seem to belong to each other
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aps & irregularities
Gaps and irregularities are deﬁned as the following:
A gap is a missing turbine in a supposed ideal lay-out.
Irregularities are: shifts, extra turbines in the lay-out and
discontinuities and differences between turbines (height, rotor blade diameter, colour or brand).
Gaps or irregularities are sometimes unavoidable. For example, if one of the ground owners does not want to participate in a project it will cause a missing turbine in a line or
raster. Also irregularities in the landscape, for example small
lakes or fragments of woodland may be a reason not to place
one or more turbines. Shifts or missing turbines on the edges
of a wind park can be caused by an irregular edge of a forest
or parcel.
Discontinuities between turbines can be caused by developments within a wind park during years, when new turbine
types are located next to older ones.
Gaps
The visibility of gaps in a lay-out depends on the amount of
wind turbines in a wind park, the number of gaps and the
viewpoint of the viewer. For example, a gap in the middle of
a large raster is difﬁcult to see. Is the gap located in one of
the exterior lines and close to an important road, the gap will
probably be visible. The visibility of the whole wind park in
one, single view plays an important role as well. In open
landscapes gaps are easier to detect than in more enclosed
landscapes. The gaps in wind park Højer, for example, are
barely visible.
In general it can be said that gaps in regular rasters (rectangular or triangular) are hardly visible in the ﬁeld. Therefore
they do not affect the lay-out and do not inﬂuence the recognition of the lay-out in the ﬁeld.
Within irregular clusters it is difﬁcult to deﬁne a gap. The irregularity is caused by unequal distances between the turbines. Mainly, if present, gaps are very difﬁcult to discover
here.
Gaps in lay-outs arranged in a line are highly visible. Whether they harm the composition depends on the length of the
line. Does the wind park consist of about ten wind turbines,
a gap divides the wind park in two parts. When the line consists of about ﬁfty wind turbines a gap does not affect the
lay-out.
Shifts and extra turbines
Within regular rasters, shifts or extra turbines do not harm
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the lay-out and do not inﬂuence the readability of the lay-out
in the ﬁeld. The shifted line in wind park Mariager, for example, is only visible at some speciﬁc point in the landscape.
Irregularities and differences between turbines
Many times the wind turbines in a wind park are not build all
at once, but during a longer period. To avoid discontinuities
it is better to use only one turbine type. For many reasons
this is not always what happens in practice. Whether irregularities and differences between turbines inﬂuence the layout and readability of the lay-out a wind park depends on the
character of the discontinuity:
Differences in colour accents emphasizing or concealing parts of the turbine are noticeable but do not
harm the lay-out.
Turbines made by different brands but with practically the same appearance do not harm the lay-out.
Differences in height or tower-rotor blade ratio are
noticeable and harm the composition and the perception of heights and distances.
It is not advised to put turbines with different heights or
tower-rotor diameter ratios together. These differences are
not only highly noticeable, but do also dramatically inﬂuence
the perception of the wind park. Higher turbines in a wind
park are perceived to be at a shorter distance than they actually are.
In wind park Emden the 120 meter high turbines seem to be
very nearby when seen form a larger distance. When the
viewer comes closer, the actual size of the turbines becomes
clear.
When different brands of turbines are used in one wind park,
the colour, height and proportion of mast and rotor diameter
have to be the same to create unity within the lay-out.
Colour accents are not a problem for the lay-out or the readability of the lay-out. This means that some coloured wind
turbines can be used within a wind park to create a subtle
colour effect.
How to deal with gaps?
If one of the ground owners does not want to participate in
the development of a wind park, a possible solution is to enlarge the distance between the turbines. In this case the layout ‘jumps’ over the parcel. Another solution is to continue
the designed lay-out and to deal with a gap, in most of the

The gaps in the lay-out of wind park Højer are not visible in the ﬁeld

5
Different heights within a wind park are confusing. The large turbines in wind parks Zeewolde and Emden seem to be much closer than they
actually are

The use of different colour accents within a wind park does not harm the
composition, Midlum

The three extra turbines do not harm the composition, since
their appearance is more or less the same, Esens
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A line consisting of 10 wind turbines

Gaps are clearly visible in a line

An irregular cluster consisting of 28 wind turbines

Gaps in an irregular lay-out are not visible
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A rectangular raster consisting of 28 wind turbines

Gaps in the lay-out are barely visible

5
A shifted row is only recognizable at speciﬁc points in the landscape

Different rotor diameters within a wind park are confusing

Differences in height harm the composition and perception of distances
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Composition
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C

omposition elements
The architectonical composition of vertical landscape elements with the wind park determines for a large extend how
park and landscape are perceived.
When vertical landscape elements are architectonically related to a wind park, a composition is formed. The most
prominent vertical landscape elements which are found related to a wind park are wood banks, larger and smaller
blocks of woodland, planting along roads and planting on
farmyard and other build parcels.
Sometimes dikes, villages, power pylons, other wind parks
and relief are part of the composition. Remarkably, buildings
in the landscape do almost never take part in the composition. This can be clariﬁed by the fact that most of the buildings are planted. In that case not the building but the planting take part in the composition.
Although not a clear vertical composition element the relief
can inﬂuence the perception of the arrangement and the
height of the turbines in a composition. Differences in altitude can place (parts of) turbines out of sight. This mainly
occurs at the foot of the tower of the turbine. In the Netherlands, however, this composition element will be not very
common.
At a larger distance power pylons and other wind parks can
form a composition with the wind park. These elements are
taller than trees and therefore act at a larger distances in the
landscape. They only form a composition with the wind park
when there is a clear view relation.
Composition types
The way how landscape elements are positioned towards the
wind park determines which ‘side effects’ occur on the perception of a wind park.
There can be distinguished three typical arrangements of
vertical landscape elements and wind park. Each composition

Blocks of woodland

Composition elements found in the different wind parks
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type has its own effect on the perception of heights and distances and the readability of the lay-out.
Open space
When a wind park is located in an open space, the nearest
vertical landscape elements are located on a large distance
of the wind park. The single elements are not part of the
composition but all together create an image of a surrounding landscape. The landscape has become a scenery around
the wind park.
Since the vertical landscape elements are located at a large
distance, they do not play any role in the perception of heights
and distances. Because heights of the landscape elements
can not be related to the turbines, they can not be used to
estimate the tower height (see perception of heights).
The lay-out of the wind park will be very readable since the
turbines are clearly visible.
Deﬁned spaces
The vertical composition elements are located in the direct
surrounding of the wind park and form a clear deﬁned space
in which the turbines are arranged. The space can be surrounded by wood banks or forest but also by large dikes.
In this composition type the landscape elements play a role
in the perception of height and distances of the wind park.
Divided spaces
Elements which are directly located inside the wind park divide the space within a wind park. These elements can also
cover the feet of the turbines. The degree in which a park is
divided and covered by vertical elements plays a major role
in the perception of height and distances of the wind park.
When many feet are covered by planting, the lay-out of a
wind park can be difﬁcult to read unless the turbines are laid
out regular.

Farm yards or houses

Power pylons

Which composition type?
The distance between wind park and landscape elements
largely determines the type of composition.
When a wind park jumps over several vertical landscape elements the composition type is ‘divided spaces’. More difﬁcult
to distinguish are ‘deﬁned spaces’ and ‘open spaces’, because
those are both compositions in which the landscape elements
surround the wind turbines.
In this case, the distance between the wind park and the ﬁrst
landscape elements determines whether the composition can
be characterised as a ‘deﬁned space’ or as ‘open space’. From
the moment single landscape elements are not clearly noticeable as being for example a wood bank or a forest, the
composition can be characterised as an ‘open space’, the elements form a scenery. In fact, all the elements that form a
composition appear to be on the horizon. Smaller landscape
elements which occasionally are in-between the horizon and
the wind park in this case do not inﬂuence the composition.
Which distance is needed depends on the height of the turbines. For small turbines with a hub height of 70 meter landscape elements do not inﬂuence the turbines at a distance of
about 500 meters. The composition type will be ‘open space’.
No data about larger turbines are available. More research is
needed to determine exact sizes. As a rule of thumb 7 times
the mast height is needed to have the landscape as ‘open
space’.
Small landscape elements are not included in the calculation
because they do not affect the composition type.
The size of a wind park determines the type of composition
that is formed as well. Taken a random space in a landscape,
a lay-out of ﬁfteen turbines can type the space as ‘deﬁned’.
The same random space can become an ‘open space’ if only
four turbines are implemented. On the other hand, if ninety
turbines are implemented the lay-out might outgrow our random space and occupy even the adjacent spaces. In this way,
the space occupied by the wind park can be deﬁned as ‘divided’.

Green houses

Dikes

Sea dikes

Open space

Deﬁned space

Divided space

The three deﬁned composition types

Divided space

Deﬁned space

Open space

The size of a wind park inﬂuences the type of composition which is
formed

Wood banks

Orchards with hedges

Road planting
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Composition type ‘open space’

Composition type ‘deﬁned space’

Composition type ‘divided space’
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Wind park Franeker is located in an open space, the landscape elements are visible on the horizon

Wind park Goes is located in a deﬁned space, the wind park is surrounded by dikes and a large green house complex

Wind park Bippen is located in a divided space, the wind turbines are laid out in different spaces
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Aalborg North

Aalborg South

Almere

Apensen

Dronten

Emden

Esens

Fjerritslev

Højer

Mariager

Midlum

Rougsø
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Bippen

Brovst

Dahlenburg

The mass-space maps of all investigated wind parks show the composition of the wind park together with
vertical landscape elements

Franeker

Goes

Ulfborg

Urk

Zeewolde
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I

nterference with landscape elements
The presence of vertical landscape elements can cause visual interference with the wind park. Two types of interference are distinguished: interference with landscape elements
and interference within the wind park. The last type of interference is already explained in the themes ‘amount’ and ‘layout’.
Power lines
When a wind park is allocated close to power lines it is almost
impossible to prevent any visual interference. Rotating rotors
coinciding with power lines can give a restless image. Whether interference occurs largely depends of the point of view in
the ﬁeld. This means that with a proper allocation of the park
there is an opportunity to reduce the time one will notice any
visual interference.
The position and direction of power lines in relation to the
wind park and the main routes determines for a large part
the degree of interference. When power lines are traced parallel along a highway, and a nearby wind park is visible form
the highway as well, the view on the park will never be without power lines (for example wind park Goes), which is disastrous for the overall landscape image.
Power lines which cross the highway straight reduce the
amount of interference because the lines and the rotors only
coincide shortly.
Power lines traced through the lay-out of a wind park are not
preferable, unless the size of the power pylons is signiﬁcantly smaller (for example wind park Brovst). Power lines in the
direct surrounding of the wind park should be bundled in the
same direction as the lay-out of the wind park. This only
counts for clusters of wind turbines. A single line should not
be traced parallel along a power line but straight on it.

Power lines traced parallel along a highway cause a high degree of
interference, wind park Goes

In general it can be said that it is preferable not to allocated
wind parks closely to power lines.

Power lines traced through the lay-out of a wind park should be
The degree of interference depends on the height of the power
pylons
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avoided unless the size of the power pylons is signiﬁcantly smaller,
wind park Brovst

The power pylons are situated on the other side of the main route than the wind park. No interference occurs

5

The power pylons are situated between the main route and the wind park. Interference occurs

The power pylons cross the main route straight. Interference occurs but only for a short period
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Power lines are clearly visible but low in height

Esens

Fjerritslev

Brovst

Power lines are not visible because of the distance or the amount of landscape elements

Rougsø

Midlum

The power lines near wind park Esens do not interfere because they are pretty low
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Aalborg

Power lines are not visible from main routes

Højer

Zeewolde

Interference

Low interference because of perpendicular position

5

Goes

Dronten

Power lines crossing wind park Dronten perpendicular cause a lower degree of interference
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Interference with planting
Rotor blades of wind turbines can interfere with planting
when the proportion between planting and the turbine is out
of balance. This effect only occurs when planting is located in
the direct surrounding of the wind park. Parts of swinging rotor blades behind planting cause a restless image. The image
becomes more peaceful when the whole rotor is visible behind the planting, therefore the height of the turbines should
be adapted to the height of the planting. The right proportion
between planting and turbine is explained in the theory of
the uncovered tower.
At a large distance wind turbines will always partly disappear
behind planting. This will not cause problems, since at a large
distance the rotor of a turbine is not clearly visible anymore.
Interference with other wind parks
Interference can also be caused by wind parks or single turbines in the neighbourhood of a wind park. Wind parks located too close to each other cause a restless image and are
confusing. There is no clear difference between the parks.
When there is enough distance between the parks the degree
of interference is reduced dramatically. It is not clear yet
which distance is sufﬁcient.
According to Royal Haskoning the ‘rule of reduction’ provides
enough space. The distance between the viewer and the last
wind park should be three to four times larger than the distance between the viewer and the ﬁrst wind park. Due to
perspective, a viewer can distinguish the two parks easily
since the last one is much smaller than the ﬁrst one.

Hub height = 70 meter

Hub height = 80 meter

The relative low turbines at wind park Midlum interfere strongly
with the planting

Hub height = 100 meter

The degree of interference depends on the height of the planting in relation to the height of the turbine
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The wind park on the horizon does not cause interference; the viewer can easily distinguish the two parks, Esens

It is possible to distinguish the two wind parks; no interference occurs, wind park Aalborg

x

> 3x

The rule of reduction (Source: Royal Haskoning)
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L

ay-out related to patterns & structures
Relation with 2 dimensional patterns in ground plane
Many wind parks, especially in The Netherlands, are related
to patterns in the ground plane when the landscape is characterized by geometrical patterns and structures.
The relation between ground plane and turbines can be established by several reasons. One of the main reasons for
this relation is purely logistic. In order to lower the costs of
building and maintaining a park, turbines and maintenance
roads are set up close to ditches, existing roads or other border lines in the landscape. From an aesthetical point of view
turbines can also be arranged along (a pattern of) roads or
ditches.
In Flevoland, for example, many wind parks are related to
ditches, roads or parcel borders (Dronten). In Denmark
wind parks are sometimes related to regular patterns of wood
banks (Aalborg and Ulfborg).

Line related to a ditch, wind park Dronten

At a larger distance, the relation between the pattern and the
wind park disappears, since the turbines are still visible but
the two-dimensional pattern is not. Therefore, only in open
geometrical landscapes a relation with the ground plane can
be noticed in the ﬁeld.
In enclosed geometrical landscapes, in contrary, a relation
with the ground plane is hardly noticeable in the ﬁeld. Therefore it is not necessary to relate the lay-out of a wind park to
patterns in the ground plane, though it might be useful for
logistic reasons.
When lay-outs which are related to patterns in the landscape
are compared to lay-outs which are not related, it is not clear
whether the lay-out of the related wind park is more readable. A regular raster which is not linked to landscape patterns (Højer) is still very readable. A lay-out which is linked
to landscape patterns existing of various directions (Midlum)
is very difﬁcult to understand and gives a restless image of
the wind park.
Nevertheless it can be said that people are able to relate a
lay-out more easily to the landscape when it is adjusted to
the geometrical character of the landscape. A regular lay-out
in a geometric landscape in this way makes sense.

Line related to a road, Midlum

Line related to a wood bank, Ulfborg
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Related to a ditch, Dronten

Related to wood banks and
ditches, Fjerritslev

Related to wood banks, Ulfborg

Related to wood banks and
ditches, Aalborg South

5

The lay-out of wind park Hojer is readable, unless the turbines are not connected to patterns in the ground plane

By relating the turbines of wind park Midlum to the irregular pattern of wood banks, the lay-out becomes less readable
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Relation with structures of a higher rank
Wind parks are sometimes related to structures of a ‘higher
rank’. Four different structures are found; highways, (sea)
dikes, power pylons and large open waters.
Highways or important roads related with wind parks never
take part in a composition of vertical landscape elements.
The relation between roads and wind parks is often only visible from the highway and not from the surrounding landscape. Their relation with the wind park can be described as
indirect. For example wind park Midlum. The wind park is
visible from the highway but due to the enclosed character of
the landscape the highway is invisible in the wind park.
In search of a proper allocation of a wind park close to a
highway its better to ﬁnd a motive in bigger vertically rising
elements in the neighbourhood, such as blocks of woodlands,
instead of the highway itself. Nevertheless, a wind park allocated close to a highway can be used as orientation point.
Sea dikes related with wind parks often take part in a composition of vertical landscape elements. Both structures are
clearly visible and therefore the relation can be described as
direct. Sometimes the turbines are laid out in a line along the
dike. For example wind park Urk. In this case the relation is
obvious; the two elements emphasize each other. In other
cases the dike deﬁnes the space in which the wind park is
located. For example the wind parks of Almere, Goes and
Emden. This relation is less clear but still plays an important
role in the composition of the wind park.

From these examples it can be concluded that there is only a
clear relation if one can oversee the wind park and the structure of a higher rank all at once. Three dimensional elements
are more visible and can be related to a wind park much
more easily.
Although it might be possible to allocate relatively small wind
turbines along a highway or a dike, the highest, modern turbines do not even seem to pretend to be relatable with these
elements. Linking wind turbines to a structure of a higher
rank is only advisable when the structure is in seize ‘comparable’ (can compete) with the height of a wind turbine.

Wind park Goes is related to the sea dike

Power pylons that are related to wind parks often also take
part in the composition of vertical landscape elements. There
is a clear visible relation between the two elements since
they are both high rising. Located parallel along or through a
wind park they emphasize the direction of the wind park. For
example the wind parks of Fjerritslev and Brovst.
Open waters which are related to a wind park never take part
in the composition of vertical landscape elements. Like highways, open waters are a two dimensional elements. A large
difference with highways is that few people experience the
wind park from the water. There is no clear visible relation
between the two elements which makes the relation weak.
For example wind park Rougso. The turbines are linked to
the shape of the fjord but the relation is nowhere visible.
Only if both the water and the wind park can be seen, for
example from a road, a relation can be made.
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The turbines of wind park Urk are related to the sea dike. The
straight dike is emphasized by the large row of turbines

Related to the highway, Aalborg

Related to the highway, Midlum

Related to a sea dike, Emden

Related to a sea dike, Almere

5
Related to a sea dike, Goes

Related to a sea dike, Urk

Related to a power line,
Fjerritslev

Related to a fjord, Rougsø

The lay-out of wind park Rougsø is related to a fjord, this relation is hardly visible in the ﬁeld
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Perception of heights & distances
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E

stimating heights
For many people it is hard to measure elements in the landscape. Ask somebody to estimate the height of a power pylon
or a tree and he will almost certainly give a wrong answer.
The height of a house, or a multiple store building, can be
estimated by counting ﬂoors and multiplying the number by
3, since we know one ﬂoor has a height of about 3 meters.
Houses, cars or tables are all examples of elements with a
‘human scale’. They are well known elements which we use
every day. Therefore we can estimate the size of these elements easily. Trees, lampposts and non subdivided buildings
are examples of elements without a human scale. We can not
estimate their height without any help. When objects with a
known size, like houses, are in the neighbourhood, we can
use them to measure the unknown object.
Three categories
Estimating the exact height of a wind turbine is almost impossible. Nevertheless, differences in height can be noticed.
Roughly three categories of wind turbines can be deﬁned:
small turbines, medium sized turbines and large turbines.
There are no clear borders between ‘small’ and ‘medium’ and
between ‘medium’ and ‘large’. They will differ from person to
person.
Small sized turbines are in size more or less comparable with
the height of the planting; they are perceived as low.
Medium sized turbines are a level higher than the planting.
Large sized turbines are obviously a lot larger than the planting. The turbine can loose its connection with the landscape
beneath it.
According to Licklider, the effect of large and small scale variations depends very much on the degree of their departure
from the normal and upon the spectator’s preconceptions. It
may be assumed that people are looking for a uniform standard of size or, more precisely; may be counted on to try and
organize the people’s views in the easiest way. Possible near
treatments will be grouped into a rough standard that will
serve as a convenient norm.
For example, for a wind turbine manufacturer a turbine with
a hub height of 70 meters will probably be small, since he is
working every day with turbines. For a farmer, the same turbine might be medium or even large. Whether a turbine is
perceived small, medium or large depends on the perception
and background of a person, but also on the landscape in
which the turbine is located.

Small turbines are in size comparable with the height of the planting

Medium turbines are clearly larger than the planting

Large turbines are outrising almost every element in the landscape
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Hidden feet
The visibility of the feet of the turbines is important for both
estimating the height of the turbines and distances between
them, but also for estimating distances between the turbines
and the viewer.
The position of an element according to the horizon tells the
viewer something about his distance towards the object. To
estimate this distance, it is important to see the place where
the element is attached to the ground level. When this place
is invisible, it is hard to estimate the distance towards the
object. Without knowing the distance, it is also more difﬁcult
to estimate the height of an object.
The distance and height of the turbine is difﬁcult to estimate

Usually estimating heights and distances does not cause any
problem. This is because we have a lot of ‘standard sizes’ in
our head. When we see the roof of a house just above a wood
bank, we can ‘calculate’ where it is attached to the ground
plane. We now a house is about 7 meters tall and we know
the proportions of a normal house, so in our head we can
‘draw’ a complete picture of the house, telling where it is attached to the ground plane.

5

Because a wind turbine is not yet part of these standard sizes, this method does not work. Therefore people need to see
the foot of a turbine to be able to say something about its
height and the distance towards it.

When situated on the horizon, the turbine must be large

Distances and heights are difﬁcult to estimate when the feet are
invisible. These turbines have the same height, Aalborg-South

When situated closer, the turbine is much smaller
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P

erception of heights
Whether a wind turbine is perceived as small or large depends not only on the actual height of the turbine but also on
other landscape elements in the surrounding. When moving
through a landscape with wind turbines, it is obvious that the
turbines sometimes seem to grow and look larger than they
actually are and sometimes look ‘normal’ in size. Based on
observations in the ﬁeld, some theories about the perception
of height are posed.
Hide and seek
Usually wind parks in The Netherlands are placed in open
landscapes close to the coast. In these areas one can oversee the whole wind park at once. When vertical elements are
present in the landscape, the wind turbines seem to ﬂuctuate
in their height.
When standing immediately behind a large vertical element,
sometimes the upper part of the wind turbine can be seen. In
this case the turbine seems to look larger than it actually is.
When the distance between the spectator and the vertical
element increases, the turbine decreases to its normal size.
Normally nothing behind the vertical element can be seen
when standing right in front of this element. This effect is
known by everyone and sometimes even used when children
play hide and seek.
The fact that a wind turbine can be seen from behind the
vertical element makes it look larger, simply because it is
unusual: the element has to be very tall when it can be seen
from this position.

ters. The height of full grown trees differs from ten to thirty
meters. The height of a wind turbine differs from thirty to
hundred twenty meters. These tree landscape elements all
form their own so called ‘horizontal layer’ in the landscape.
The difference between the layer of houses and the layer of
wind turbines is large. The height of the tree-layer ﬁts better
to the wind turbine layer. The difference is smaller and therefore the sizes of wind turbines and trees or planting cause
less problems on the perception of heights.
Although wind turbines do not make a good combination with
houses, many problems are solved by the fact that many
houses, farms or villages are often enfolded by a strip of
planting, for instance planting in one’s garden or on one’s
yard.
It is advised not to locate wind parks next to houses or villages which are not planted.

Minimizing heights
A wind park next to a house or building often makes the
house to be perceived very small or the wind turbine to be
very tall. The combination of wind park and planting, however, does not cause problems with perception.
There are two theories to clarify this difference in perception:
The ﬁrst theory is based on standard sizes. The height of
trees is difﬁcult to estimate while the height of a house is
known. Most people estimate trees on a standard height but
in reality they appear to be much larger. When the height of
a tree is underestimated, the height of the wind turbine
standing behind the tree will also be perceived smaller.
The second theory is based on a perception of different layers. Most houses have a height of around seven to ten me-
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The turbine behind the trees is perceived as very high

The size of a house is well known and does not ﬂuctuate that much

5
The size of different tree species is very variable, however people often have a standard size in mind. The size of a tree is often underestimated. The same counts for wind turbines.

Turbines directly behind a village which is partly planted minimize
the houses or are perceived as very large, wind park Dahlenburg

An ‘unplanted’ building close to a wind park will be minimized and
perceived as very small, wind park Mariager
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U

ncovered tower effect
The perception of heights makes a wind turbine to grow or
shrink when moving through a landscape. But what is the
reason that a wind turbine is perceived large or small? In this
section the effect of vertical landscape elements on the perception of wind parks will be explained.
When seeing elements in the landscape, people will always
compare them to known objects. For example, a wind turbine
with a tower height of 50 meter is in size more or less comparable with the height of trees, therefore it will be perceived
as relatively small. But when the turbine is a lot larger than
other elements in the landscape, it will be perceived as
large.
The perception of height is not only dependant on the height
of a wind turbine but also on the landscape elements beneath
it. Imagine two wind turbines with the same height of about
ﬁfty meters. One is standing behind a full grown forest of oak
trees with a height of about 25 meters, the other one is
standing behind a row of fruit trees, of about 10 meters. The
turbines in the last situation will be perceived larger.
This effect has to do with proportions. The turbine that stands
behind the fruit trees is in size out of proportion with the
trees and will therefore be perceived as large. The turbine
that stands behind a forest of oak trees is in a better proportion with the planting.
Although a turbines with a hub height of ﬁfty meters is still a
lot taller than a forest of oak trees, it is not perceived to be
very large. This has to do with the size of the rotor. The rotor
breaks the length of the tower. In fact, in this case it is almost touching the tree tops with its tip which makes a connection between the turbine and the landscape layer. In the
example of the fruit trees, the connection of the rotor with
the landscape is lost which makes that the turbine is perceived very large.
A third factor of height perception is the proportion between
tower and rotor diameter. When two turbines with the same
height behind the same forest but with different rotor diameters are compared, the one with a small rotor will be perceived larger than the one with the large rotor.
Uncovered tower
Summarized, there are three factors which inﬂuence the perception of heights: the height of the turbine, the height of
landscape elements and the proportion between the tower
and rotor diameter of the turbine. The inﬂuence of these
three factors can be caught in the theory of the ‘uncovered
tower’, the part of the tower which is not covered by the rotor
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or planting.
The uncovered tower can be determined by subtracting the
radius of the rotor and the height of landscape elements from
the tower height. The percentage of the tower which remains
is the uncovered tower.
For example: a 1:1 wind turbine with a tower height of 100
meter is located in a wood bank with 10 meter high trees.
The uncovered tower = 100 – 50 - 10 = 40 meter or 40% of
the tower. When the uncovered tower gets too large, the
connection between rotor and landscape is lost.
This theory is very useful when designing wind parks. It is
important to keep the connection between landscape and
wind turbine. The size of the tower and the rotor diameter
should ﬁt to the height of landscape elements.
Of course this theory only counts when there are landscape
elements in the neighbourhood of the wind park. When there
are no elements at all, the height of a wind turbine can not
be compared to other elements, which makes the estimation
of heights very difﬁcult. Furthermore, the uncovered tower
will only work in the direct neighbourhood of the wind park.
On larger distances the rotors will always disappear behind
the planting, but because of the distance the rotor will be
less visible.
In open landscapes a proper connection to the ground plane
and in this way with the landscape will be maintained when
at the proportion between tower and rotor diameter is 1:1.
The right proportion
A large uncovered tower makes that a wind turbine is perceived large. It is also possible that the uncovered part of the
tower is very small.
In wind park Midlum the towers of the turbines have a height
of 35 meters and a rotor diameter of 40 meters. The wood
banks have a height of about 10 meters. The uncovered
tower is 35 – 20 – 10 = 5 meter or 14%. This means that the
rotors ‘hit’ the tops of the trees which gives a very nervous
image of the wind park. The rotors are interfering with the
wood banks. In this case the wind turbines are too small
compared to the planting.
Is it possible to determine the right proportion between planting, tower and rotor diameter? Let’s take a closer look at the
wind parks in Denmark. Especially in this country many wind
parks are located in enclosed landscapes with a lot of wood
banks. These wood banks usually have a height of about 10
meters. Many turbines in Denmark have a hub height and

rotor diameter around 50 meters. These wind parks show a
good connection with the landscape layer and there appears
to be less interference between rotors and planting as well.
After calculating different proportions, an aesthetic proportion is found when the uncovered tower is around 30%.
As soon as the uncovered tower gets larger than 40% the
connection to the landscape is lost and the turbine will be
perceived as high. An uncovered tower of 25% or less cause
interference and the turbines will be perceived as small.
It is not possible to prevent any interference between rotor
and planting. However, using these proportions will limit the
amount of interference between rotor and planting.

Interference, wind park Mariager

A large uncovered tower; the connection with the ground plane is lost

The right proportion, wind park Højer

A small uncovered tower; high risk of interference

The tower is totally covered; interference will always occur

The uncovered tower is too large, wind park Zeewolde
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The uncovered towers of the wind parks are calculated and
compared to each other. The uncovered towers are arranged
from small to large.
Many small uncovered towers can be found at the small turbines, while large uncovered towers are mainly found at large
turbines. This is remarkable because in theory wrong proportions can be found at every turbine height.
In many cases the small or large uncovered tower is caused
by too large rotors (Dodaarsweg 1, Midlum) or too small
rotors (Bippen, Dahlenburg, Emden).

Fjerritslev
Tower = 45 m
Rotor diameter = 44 m
Height planting = 10 m
Uncovered tower = 29%
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Højer
Tower = 45 m
Rotor diameter = 42 m
Height planting = 10 m
Uncovered tower = 31%

The right proportion is an uncovered tower of 30%

Ulfborg
Tower = 50 m
Rotor diameter = 44 m
Height planting = 10 m
Uncovered tower = 36%

Bippen
Tower = 100 m
Rotor diameter = 82 m
Height planting = 20 m
Uncovered tower = 39%

Dodaarsweg 1
Tower = 38 m
Rotor diameter = 60 m
Height planting = 15 m
Uncovered tower = 0%

Midlum
Tower = 35 m
Rotor diameter = 40 m
Height planting = 10 m
Uncovered tower = 14%

Mariager
Tower = 68 m
Rotor diameter = 72 m
Height planting = 20 m
Uncovered tower = 18%

Aalborg Noord
Tower = 45 m
Rotor diameter = 48 m
Height planting = 10 m
Uncovered tower = 24%

Dodaarsweg 2
Tower = 60 m
Rotor diameter = 60 m
Height planting = 15 m
Uncovered tower = 25%

5

Apensen
Tower = 70 m
Rotor diameter = 66 m
Height planting = 10 m
Uncovered tower = 39%

Dahlenburg
Tower = 100 m
Rotor diameter = 80 m
Height planting = 20 m
Uncovered tower = 40%

Emden
Tower = 120 m
Rotor diameter = 112 m
Height planting = 10 m
Uncovered tower = 45%

Dodaarsweg 3
Tower = 70 m
Rotor diameter = 52 m
Height planting = 10 m
Uncovered tower = 49%
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P

erception of distances
The inﬂuence of a wind park on the perception of distances in
the landscape differs from person to person. While a certain
wind park makes a space look smaller to the one, it might
have no inﬂuence on the perception of distances to the other.
Nevertheless, it is possible to say something about the perception of distances.
Minimizing distances
Sometimes a wind park seems to minimize the size of the
landscape. A minimizing effect of a wind park will mostly occur in deﬁned spaces, where distances between the wind
park and mass elements are relatively small.
This effect can be explained by perspective. Every object
seems to be on the horizon after a distance of approximately
one kilometer. A small distance between the wind turbines
and an object will not be perceived because they both seem
to be on the horizon. The object behind the turbines seems
to stand directly behind the wind park, while in reality the
distance is larger.
In contrary the minimizing effect does not occur when the
mass elements are located further away creating an open
space. This can be explained by atmospheric perspective.
When an object is closely located to a wind park the brightness of colours and sharpness of the shadows will be the
same as the one on the wind turbines. When an object is located further away on the horizon, colours will fade away and
shadows get less sharp. Our brain connects the brightness of
colours directly to the distance of an object. Therefore we
know that a vague silhouette is located far away from us.

The dike appears to be closer, Almere

An example of the minimizing effect can be found in wind
park Almere. The landscape around the park is enclosed by
a sea dike from two sides. Seen from the north-east, the sea
dike seems not too far away. Only when cars appear on the
dike, one will discover the distance to be really large.
Size of the landscape
In enclosed landscapes a wind park will hardly inﬂuence the
perception of distances, because in these landscapes wood
banks, farms and (fragments of) woodland have a more human size. This means that the size of the spaces in those
landscapes is comparable with sizes one already knows (like
a garden or small parcel). The presence of wind turbines in
these landscapes does not inﬂuence anything, it keeps its
own size.
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The landscape has a ‘human’ size, wind park Højer

Because of atmospheric perspective the trees in the background are perceived as far away

5

The trees in the background are perceived at the same distance as the last row of turbines

The trees in the background are in reality located at the same line as the last row of turbines
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G

roup effect
Wind turbines which are arranged together in a park are inﬂuenced by the so called ‘group effect’. This effect makes it
easier to the viewer to measure heights and distances more
correctly. The group effect occurs when there is a clear relation between single turbines either in depth, width or
height.
Savannah
When a solitaire wind turbine is compared to a group of wind
turbines with the same height it is remarkable that the solitaire turbine always seems to be larger. The solitaire turbine
catches the eye as a focal point in the landscape. This effect
has to do with both the unusual size of a wind turbine and the
fact that it is standing alone.
Consider a tree in an empty savannah. This tree is an unusual happening, it will catch the eye immediately. This effect
is gone when more trees are growing in the same savannah.
All trees together form an extra horizontal layer above the
ground plane of the savannah.
Another example can be seen in New York. The skyline of this
American city consists of huge skyscrapers. Nevertheless, it
does not trigger the eye that much unless that the buildings
are huge in size. In Malmö, Sweden, a skyscraper of 190
meters, the ‘Turning Torso’, can be found. This building is
rather unexpected in a relatively small city like Malmö. The
building might not be as tall as the skyscrapers in New York,
it is still a focal point, not only within the city, but also from
the surrounding landscape.
Outstanding solitaire elements attract attention, but why are
they perceived larger? This can be clariﬁed by the fact that
the emphasis on a solitaire wind turbine, tree or skyscraper
is on the vertical direction. As soon as there are more elements, the emphasis will be more on horizontal directions.
Everybody knows that clothes with vertical stripes make
them look more slender and horizontal stripes make them
look bigger. The same happens in the landscape: a vertical
element is perceived larger than a horizontal element.
A helpful issue on the perception of heights in groups of wind
turbines is that the human eye tends to look forward instead
of upwards. When seeing just one wind turbine, the eye is
forced to look upward. When seeing a wind park nobody will
bend his neck to fully see the ﬁrst turbine. The eye is attracted to the turbines on the horizon.

Estimating heights and distances
As already remarked, heights and distances are difﬁcult to
measure when the foot of a turbine is hidden. However, perceived sizes of wind turbines being part of a group can be
compared and related to each other.
Especially, this is helpful in enclosed landscapes where most
of the feet of the turbines are not visible. The viewer only
needs to see one or two uncovered foots to be able to know
the heights of all the turbines.
Also distances between turbines can be measured more easily when some of the feet of turbines are visible. When the
feet of two turbines standing next to each other are visible,
the distance between them can be easily extrapolated to the
other turbines. This measurement is only accurate when the
turbines are equally distanced. This means that estimating
distances between turbines within irregular clusters is not
possible.
The group effect is very useful in enclosed landscapes. In
landscapes with many wood banks and woodlands, strange
effects can happen with one’s perception of heights and distances. But when turbines are placed in a regular pattern in
which heights and distances are equal, these effects will be
neutralized and the overall perception will be much more
truthful.

The ‘Turning Torso’, Malmö, Sweden
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Emphasis on the vertical direction; the solitary objects are perceived as large

5

Emphasis on the horizontal direction; a group of objects can be related to each other and are perceived lower

When one watches to a solitary turbine; it will be perceived as large

When one watches a group of turbines, the eye is attracted to the horizon; the turbines are perceived lower
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In depth distances are easy to estimate when not all feet are covered

Also in width distances are easy to estimate, therefore regular lay-outs are readable in enclosed landscapes

The group effect within a random cluster does not work for distances
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Group effect in depth, wind park Zeewolde

Group effect in an enclosed raster, wind park Højer

In a random cluster the group effect is less strong, wind park Apensen
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5

201

V

isibility
The visibility of wind parks depends on several variables: size
of the wind park, landscape type (open or enclosed), the location of mass elements (road planting, farmyards and woodlands), height of turbines and the location of the viewers
(settlements or roads in neighborhood).
Because only 20 wind parks were investigated not every variable can be tested. It is also not possible to say exactly till
what distance a wind park in a speciﬁc landscape is visible.
To investigate wind parks one is dependant on the existing
roads of a location which makes a comparison between wind
parks difﬁcult. Therefore the results on visibility are not exact but an indication.
Enclosed landscapes
On more or less comparable landscape types the visibility
maps of the different wind parks were compared. Three enclosed landscapes are compared to each other, the mast
heights differ. It is remarkable that the visibility is more or
less the same for the three wind parks. The wind park of Bippen (hub height = 100 meter) is not more visible than Apensen (hub height = 70 meter) or Midlum (hub height = 35
meter). Only nearby the three wind parks are visible, after 5
kilometer even turbines of 100 meter high are not visible
anymore.
From this data can be concluded that the visibility of wind
turbines in an enclosed landscape is very low. The height of
the turbines doesn’t inﬂuence the visibility dramatically.
Open landscapes
Also three open landscapes are compared to each other.
Those wind parks are more visible compared to the enclosed
landscapes. But the visibility depends on road planting and
farmyards. Those can block the view from the road which
means that a passer by does not see the wind park. When
the wind park of Franeker (hub height = 40 meter) is compared to Esens (hub height = 50 meter). The last one is less
visible. This can be clariﬁed by the road planting.
Despite there are no clear results on the correlation between
the hub height and the visibility in open landscapes, it can be
said that the visibility increases when the hub height increases.
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The visibility depends on the location of the wind turbines, the
planting and the viewer

Distance = 5 km

Distance = 5 km

Distance = 8 km

After 5 km the 100 meter high turbines are hardly visible, Bippen

Midlum, Hub height = 35 m

Apensen, Hub height = 70 m

Bippen, Hub height = 100 m

The visibility of wind turbines in enclosed landscapes is low. The height of the turbines does not inﬂuence the visibility dramatically

Because of the enclosed character of the landscape, the turbines of wind park Apensen and Bippen often disappear behind planting
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View shed
The visibility of a wind park mainly depends on the distances
between the wind park, landscape elements and the viewer.
The picture below shows that when a wind park is placed in
a mass element the turbines are visible from nearby and further away. When the distance between mass element and
turbine increases, the visibility decreases.
This means that a wind park which is located in a planted
area which is surrounded by open meadows will be very visible on a larger distance.
On the other hand a wind park located in an open ﬁeld surrounded by mass elements will be less visible.
The visibility can be caught in the so called view shed. A large
view shed means that the wind farm is visible from different
directions and on a large distance. A small view shed means
that the wind park is only visible from certain direction or
only nearby.
To determine the view shed one has to make an inventory of
the amount and the location of mass elements in comparison
with the wind park and the location of the viewers. Settlements and important routes have to be taken into account
since the majority of the viewers are located on these spots.
The visibility from speciﬁc locations, for example a village,
can be easily determined by a cross section
In the Netherlands the sight is on average about 10 to 12
kilometers because of the moist air. This means that any object which is located further away than 12 kilometers can not
be seen anymore.
With this knowledge the visibility should be tested on at least
a distance of 10 kilometers.

This park is only visible in one corner.
Another example is the wind park of Brovst. The road is
situated parallel to the lines of the wind park. But the views
from the road are very short because of farmyards and wood
banks which are located along the road. The very short vistas
make it very difﬁcult to survey the wind park and therefore
the pattern is difﬁcult to read.
When a lay-out has to be readable, one has to take into account the sights from the roads. Long sights make it possible
to see the lines of a wind park and thus understand the pattern. With short sights it is very difﬁcult to understand the
pattern.
Also the direction of the road compared to the direction of
the lines within the wind park is important. When designing
a regular wind park the lay-out should be adjusted to the
direction of the road. When there are only short sights to the
wind park a regular lay-out has to be adjusted to the sights.
For example a line is placed on the location of the quick view
from the road. When it is not possible to connect the lines to
the views from the road and the direction to the road, a
regular pattern does not make sense.

Distance = 4 km

Readability of patterns
The readability of patterns is not only dependant on the layout. An important variable is the visibility. Patterns are more
readable when their direction is linked to the direction of a
road. Of course this relation has to be visible. A raster is only
readable when the several lines can be distinguished. When
the sight is token by planting it becomes difﬁcult to understand the lay-out.
Two examples show this effect. The wind park of Aalborg
South is located in an enclosed landscape with many wood
banks. The lay-out is still very readable. This is because of
the roads which are situated parallel along the wind park.
From these roads there is a long clear view on the lines. The
wind park of Aalborg North located in the same landscape,
some kilometers above Stenis Enge, is not readable at all.
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Distance = 3 km

After 4 kilometers the turbines located in an open landscape are
less visible due to road planting, Dronten

Franeker, Hub height = 40 m

Esens, Hub height = 50 m

Dronten, Hub height = 70 m

The hub height inﬂuence the visibility in open landscapes. But the amount of road planting plays an important role as well (wind park Esens)

The visibility in open landscapes depends on road planting and farm yards, wind park Dronten and Esens
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Aalborg North

Aalborg South

Almere

Apensen

Dronten

Emden

Esens

Fjerritslev

Højer

Mariager

Midlum

Rougsø
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Bippen

Brovst

Dahlenburg

The visibility maps of all investigated
wind parks show the visibility of the
wind park from the surrounding
landscape. Blue = visible, Red =
invisible

Franeker

Goes

Ulfborg

Urk

Zeewolde
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L

andscape image
It is remarkable that, according to the researchers, none of
the visited wind parks in Denmark and Germany did change
the landscape dramatically. Some wind parks were more
beautiful than others, but at every location the landscape
was able to tell its own story as well. The wind parks were
just events in the landscape.
Even though no landscape is unsuitable for the allocation of
wind parks, some landscapes match better with wind turbines than others.
Wind landscapes
Some wind parks are located in landscape were wind is an
important element. The wind is touchable and visible while
moving through this landscape. Trees are formed by the wind
and farms are planted with trees to protect them against the
wind. These landscapes are seen in Bjirnum and Utgast.
In the neighborhood of wind park Bjirnum play ground ‘Aeolus’ is situated and a nearby information board tells people it
is the most windy area of The Netherlands.
In these landscapes wind turbines really ﬁt. People can easily understand why the wind park is located in this speciﬁc
area.

A wind swept tree

Production landscapes
Other landscapes where wind parks ﬁt are the large production landscapes with large parcels, woodlands, parks or
greenhouses. The large scale agrarian landscapes are emphasized with wind turbines, for example Overgård Gods
and Willem Anna Polder.
Wind turbine landscape
In some regions more wind parks are located. The best example for the Netherlands is Flevoland but also in Germany
and Denmark one can ﬁnd concentrations of wind parks.
Even when the wind parks are small, the impression of a
wind turbine landscape is created quickly, especially when
the wind parks are highly visible. In the neighborhood of
Aalborg, for example, four wind parks are situated along a
highway. Although the parks are not bigger than 15 turbines,
the landscape has been changed into a wind landscape.
The human intervention becomes clearer and gives the landscape a technical image. The same amount of turbines bundled in one park, for example Hojer (45 turbines) does not
give this image of a landscape dominated by wind turbines.

A play ground inspired by the windy location, Franeker

Large farm yards, Mariager
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The farm yards are planted for protection against the wind, wind park Esens

The wind is almost touchable at one of the windiest locations in The Netherlands, Franeker

Large blocks of woodlands and parcels emphasise the production landscape of Mariager
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To keep the image of a landscape without changing it into a
wind landscape it is important to keep distance between wind
parks. They have to stay away from each others view. It is
better to bundle small parks in one bigger park instead of
spreading the wind parks.
Information
Information about wind energy is a very useful way to make
people more aware about the topic. An information board can
inform people about the wind park, but also about wind energy in general, its history, how it works and why it is needed. The acceptance of wind energy might increase when people know more about it.
Some wind park already have information boards but it is
good to place them at every wind park.
Three countries
In Denmark almost 25% of the energy is produced by wind
turbines. Nevertheless, wind parks do not have a large visual
impact in this country. In Germany and in some parts of The
Netherlands the visual impact of wind turbines is a lot bigger.
The low visual impact of wind parks in Denmark has to do
with their allocation strategy. Almost no single turbines or
small groups are placed. Relatively large wind parks of 10
turbines or more are spread over country. This makes that
the distance between the parks is large, so only every now
and then a wind park appears in ones view.
The position of the wind parks to highways is important for
their visibility as well. The network of highways in Denmark
is not very dense. In Jutland, where most wind parks are
located, the wind parks are barely visible from the most important highway.
In Germany, wind parks are more dominant elements in the
landscape. Wind parks are also spread over the whole country, but instead of large parks the Germans place large turbines in small groups. From many highways, especially in the
North, many turbines are visible.
Contrary to Germany and Denmark, wind parks in The Netherlands are not spread over the whole country but concentrated in the western part. In a large part of The Netherlands
there are no visible signs of wind energy, while other parts,
like Flevoland, are transformed into landscapes dominated
by wind turbines. The relative small wind parks spread in an
chaotic way increase the visible impact of the wind parks in
Flevoland.
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An information board at the entrance of the wind park, Franeker

The amount of energy produced by the wind park, Emden

Information about wind energy in general, wind park Fjerritslev

Large greenhouses give the wind park a technical appearance, Goes

Many wind parks and turbines make a wind turbine landscape from the Flevopolder, Zeewolde

Four wind parks situated close to each other create a small wind turbine landscape, Aalborg
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O rientation point
To know whether a wind park function as an orientation point,
one ﬁrst has to know which persons see the wind park. In
general wind parks are seen by three groups of people; the
inhabitants, by passers by and holiday makers.
The inhabitants do not use a wind park in their neighborhood
as an orientation point. They are already familiar with the
landscape and are able to orientate themselves without using
special marks.
The group of the passers by and the holiday makers are not
familiar with the area. For this group of people the majority
of the landscape is perceived from highways and other important roads. When moving through an unknown landscape
an orientation point can be very useful.
Whether a wind park function as an orientation point depends on the meaning of the location and the degree in which
the wind park is visible.
Many wind parks can be seen from the highway. But when
nothing special happens in the landscape the wind park does
not add anything. When a wind park is located close to a city
or a special spot the wind park will announce the special location.
Wind parks which do act as an orientation point are located
on special places. For example wind park Fjerritslev which
is located next to the highway close to an important bridge
and the city Fjerritslev. The wind park emphasizes the meaningful location since it can be connected to the bridge. Passengers know that the bridge is nearby when seeing the wind
park.
Another wind park which act as an orientation point is wind
park Franeker. The wind park is located close to the city
Franeker. The landscape contains many wind parks which are
all very visible because of the open character of the landscape. But the red coloured towers of the wind park really
strike and therefore it can be used to orientate on the highway. In this case the colour of the wind park gives the location a special meaning.

The striking turbine of Tvind is visible from a large distance and
therefore function as an orientation point

When a new wind park is designed on a special spot or close
to a city and it will be very visible from important routes it
can be designed as an orientation point by emphasizing the
meaningful spot or give the wind park something special like
a colour.

This turbine near wind park Urk is almost a piece of art
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The striking colours of wind park Franeker which are clearly visible from the highway makes it an orientation point

Wind park Fjerritslev is situated along the highway and announces the bridge and the city of Fjerritslev in Denmark

Wind park Almere is situated at an explicit location. The ten turbines emphasise the corner of the polder.
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Chapter 6

Landscape Based Strategy
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I

ntroduction
The results of the analysis of the different wind parks in The
Netherlands, Germany and Denmark are used to generate a
Landscape Based Strategy for the development of wind parks
in The Netherlands. Although many aspects play a role in
making a well considered design, the most important aspects
which determine the composition and perception of the wind
park are used to develop the Landscape Based Strategy. With
this strategy the landscape will be the leading factor when a
new wind park is developed.
The strategy consists of ﬁve steps. In each step different aspects are described which are important to complete the
step. Although the Landscape Based Strategy is a cyclic process the hierarchy of the ﬁve steps has a function. The ﬁrst
two steps contain the most important aspects for a good wind
park design; adapting the wind park to existing landscape
elements and preventing interference. The third step is a
functional one. After the ﬁrst three steps the rough lay-out of
the wind park is known. In the fourth step the lay-out will be
improved by taking the context into account. And the ﬁnal
step is a creative one which can be made when the exact
location of each wind turbine is known.
The ﬁve steps summarized:
Step 1:
A well-considered choice of the location
where a wind park can be developed.
Step 2:
To adjust the wind turbines to the
characteristics of the landscape.
Step 3:
To use the characteristics of the ground plane
to determine the functional characteristics of
the wind park.
Step 4:
To have a close look to the context of the
wind park to adjust it to the viewers.
Step 5:
A creative step to give the wind park its own
‘face’.
The information which is needed to complete the Landscape
Based Strategy can be derived from topographic maps and
from an excursion to the location. For every wind park design
an excursion is necessary. Although a rough indication of the
landscape elements which are important for a good allocation of the wind park can be derived from a topographic map,
a more detailed image can only be derived from the ﬁeld.
Besides that the context of the future wind park is very important since it determines the perception and experience of
the wind park. Therefore a well considered design cannot be
made without a visit to the location.

It has to be said that is not possible to ﬁnish every step
separately; the different steps are closely connected and inﬂuence each other. Therefore, when the location choice has
been made, one should always have all steps in mind when
taking a decision. The Landscape Based Strategy is not a
linear process but a cyclic one.
Furthermore each decision which is made is not directly
wrong or false.
The different aspects which are mentioned in each step are a
guide to come to a well considered design. The ﬁrst and the
second step are more or less deﬁnitive but the other three
steps are more open. The freedom which is generated with
the last three steps is important to create a more dynamic
way of designing a wind park. The decisions depend on the
location and the landscape architect. There is not only one
perfect design for a wind park. Different options are possible.
Moreover, it is just not possible to get a ’perfect’ wind park,
since it is not possible to optimize every step. The best solution for one aspect is probably not the best for another aspect. For example the lay-out can be connected to the existing infrastructure network within the park but in favor of the
experience and perception of the wind park the turbines have
to be laid out in another direction. Choices have to be made.
The Landscape Based Strategy helps to make the best choices.
Step 1

Step 5
Step 2

Landscape Based Strategy

Step 4

Step 3

The Landscape Based Strategy is a cyclic process
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Wind park Dahlenburg

Wind park Apensen
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T

owards a Landscape Based Strategy
The results of the ﬁeldwork as described in chapter 5, have
given good insight in the relation between landscape and
wind park.
The next step is to use this data to develop a Landscape
Based Strategy which can be used for a well-considered implementation of wind parks in The Netherlands. To make such
a strategy is the main goal of this research.
The intention was to found the Landscape Based Strategy on
different landscape types. However, the ﬁeld research showed
that, in principle, every landscape type is suitable for the allocation of a wind park. After all, no effects can be related to
speciﬁc landscape types, so no landscape type can be excluded in advance for the allocation of a wind park.
Since landscape types can not be used to develop a Landscape Based Strategy, another method has to be found.
Many of the researched effects play a role in the composition
and perception of a wind park. In order to develop a Landscape Based Strategy, the importance of these effects should
be known. Not every effect has the same impact on the aesthetical values of a wind park. Furthermore, some of the effects are difﬁcult to inﬂuence. Therefore, it is also important
to know how to deal with these elements to come to a wellconsidered, aesthetic wind park.
One of the sub goals of this research was to ﬁnd out which
landscape elements contribute to an architectonic well considered allocation of wind parks. Only a couple of effects are
really useful for the design of a successful wind park. Therefore a selection of effects is made. These effects are easy to
inﬂuence and make a large difference in the aesthetical values of a wind park. The Landscape Based Strategy, described
in this chapter, is based on the following effects.
Planting
The most important landscape element which inﬂuences the
composition and perception of a wind park the most is the
planting in the direct surrounding of the wind park.
Planting and wind turbines usually form a good combination.
As soon as there is any form of planting in the neighbourhood
of the wind park, the elements together will form a composition.
Planting inﬂuences both the perception of height and distances and the readability of the lay-out of the wind park.
When the proportion between the height of the planting and
the height of the turbine is out of balance, interference can
occur or the turbines will lose their connection with the land-
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scape. A proportion in which the uncovered part of the tower
is about 30% of the height of the tower is appreciated.
This ‘uncovered tower effect’ is very important and easy to
inﬂuence by adjusting the tower and rotor diameter to the
height of the planting.
Composition types
The way in which planting is positioned with respect to the
wind park determines which ‘side effects’ occur in the perception of the wind park.
Three composition types are generated which connect speciﬁc effects of the position of the planting to the wind park.
Open space, divided space and deﬁned space are the three
composition types that are distinguished.
In ‘open space’, the distance between wind park and landscape elements is so large that they do not inﬂuence each
other. Within this composition type the proportion between
the height of the planting and the height of the turbine is not
important.
Contrary, when the composition type is a ‘divided space’ or
‘deﬁned space’, landscape elements will inﬂuence the wind
park. The ‘uncovered tower theory’ is important for these
composition types.
For composition type ‘divided space’ also counts that the
group effect plays a major role in the readability of the layout. Furthermore, the uniformity within this composition type
can be lost since the turbines are spread over different spaces. In composition type ‘deﬁned space’ the wind park risks
minimizing distances.
Power pylons and other wind parks
Another important aspect in the experience of a wind parks
is the presence of power pylons and other wind parks. These
two elements are larger in size than planting and inﬂuence
the perception and composition from a larger distance. These
elements might cause interference when they are located in
the vicinity of a wind park. However, the degree of interference they cause depends on the position towards the wind
park and main roads from which the wind park will be seen.
When the risk of interference becomes too large, it can be a
reason to search for another location.
Visibility
The open or enclosed character of the surrounding landscape
is important for the visibility of the wind park from a distance. It is found that an increasing hub height does not in-

crease the visibility of a wind park in enclosed landscapes
dramatically. Therefore, large turbines should be placed in
enclosed landscapes while smaller turbines should be placed
in open landscapes.
Minor effects
Some other ﬁndings should be taken into consideration as
well. Most of these aspects can be inﬂuenced easily, but
improve a wind park and its perception a lot.
-

-

-

-

-

-

It is important not to place too many turbines behind
each other. This will cause interference within the
wind park, turbines will form a visual clutter on the
horizon.
The proportion between the tower of a turbine and
its rotor diameter inﬂuences the perception of height
of the turbine. An aesthetic proportion is 1:1, but in
speciﬁc cases other proportions can be used, for
example to get an uncovered part of the tower of
30% in planted areas.
The feet of the turbines and the maintenance paths
should be kept as subtle as possible to give the wind
park a natural appearance. This means that trans
formers should be placed within the tower of the
turbine and where possible semi-paved maintenance
paths should be used. In some cases maintenance
paths are not necessary at all.
Turbines should not be placed in the direct neigh
bourhood of unplanted buildings or villages. The
buildings will be minimized optically or the turbines
will be perceived as very large.
To make a regular lay out more readable, it should
be adapted to the direction of the road and the
visibility from the road.
Reserved use of colour and colour accents on
turbines, especially in complex landscapes, is
advised. The main colour of the turbines should be
white.

6
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A

Landscape Based Strategy
Step 1 - Location Choice
Settlements

400 m distance

Power pylons & Wind parks

Yes

Enough space?

Power pylons, wind parks
or similar objects in the
neighbourhood?

No

Search for another location
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Interference?

Yes

Power pylons do not cause
large interference?
Distance wind park > 8
km?

No

Suitable location

True

Suitable
location

False

Search for another location

Step 1: Location Choice

Interference

In the ﬁrst step a suitable location is chosen which is large
enough to allocate a wind park and in which interference with
large objects is minimized.
Settlements

Power pylons

The size of a location of a new wind park mainly depends on
the density of houses, farms and villages in a speciﬁc area.
Since the sound of wind turbines can cause inconvenience to
people who live close to wind parks, the distance between
wind turbines and houses should therefore be at least four
times the hub height of a turbine. A distance of 400 meters
is sufﬁcient for turbines with a hub height of 100 meters.
Within a certain area, suitable locations can easily be found
by drawing circles around houses, farms and villages on a
recently topographic map.
Power pylons & Wind parks

Wind parks

When other wind parks are in the vicinity of the chosen location and clearly visible, it is preferred to choose another location. When the distance between the wind park is larger than
8 kilometers, no interference will occur.
Interference between power lines and a wind park depends
on the position of both the power lines and the wind park
towards main routes. When the power lines are positioned
parallel to main routes, interference will occur. If the position
of the power lines is perpendicular to the main routes, interference will be less.
When no interference occurs between the future wind park,
power lines and other wind parks or the degree of interference is low, the location is suitable.

Step 2: Landscape Characteristics
In this step the size of the wind turbines is adjusted to the
height of the planting and the visibility.
Visibility

Power pylons

Wind parks

Once a location with low building density is found which is
large enough to allocate a large wind park, it should be
checked if there are any power lines or other wind parks in
the vicinity of the chosen location. These elements can cause
interference with the turbines of the future wind park. This
also counts for other, comparable elements like broadcasting
stations. A topographic map can be used but the size of the
power pylons and the wind parks should be checked in the
ﬁeld.

Long view shed

Short view shed

Visibility is an important factor in this step. The visibility from
the chosen location should be estimated for a radius of about
10 kilometers. For this area it should be determined whether
the view shed of the future wind park is small or large. The
visibility depends on the amount of mass elements surrounding the wind park. By the use of a topographic map a rough
indication can be given whether the wind park is located in an
open area or an enclosed area. In an open landscape like the
Dutch polders the view shed is usually large, while in the
eastern part of The Netherlands the view shed is smaller
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Step 2 - Landscape Characteristics
Visibility

Composition type

Height planting

Turbine Characteristics
Tower height = 80 m
Tower-Rotor diameter = 1:1

Long view shed

0-2m

Open space

Tower height = 80 m
Tower-Rotor diameter
depends on height planting
Uncovered tower = 30%
Deﬁned space

Divided space

2 - 20 m

Tower height = 100 m
Tower-Rotor diameter = 1:1

Short view shed

Open space

0-2m

Tower height = 80-100 m
Tower-Rotor diameter
depends on height planting
Uncovered tower = 30%
Deﬁned space

Divided space

2 - 20 m

Tower height = 100 m
Tower-Rotor diameter
depends on height planting
Uncovered tower = 30%
> 20 m

Distance between turbines
is 5 x rotor diameter

222

because of the enclosed character of the landscape.
An enclosed landscape does not necessarily mean that the
view shed is short. Turbines in a small enclosed area surrounded by lakes are still very visible. On the other hand, an
open ﬁeld can be surrounded by planting which makes the
future wind park less visible. Therefore a large area surrounding the location should be taken into consideration.
Large wind turbines increase the visibility dramatically.
Therefore it is advised to place 80 meter high turbines in
landscapes with a large view shed.
Contrary, in landscapes with a small view shed 100 meter
high turbines can be placed, since they are not often visible.
The choice for smaller turbines or larger turbines in different
landscapes will not harm the efﬁciency of the turbines, since
the roughness of the ground plane does not play a role when
the hub height of a turbine exceeds 80 meter.

-

are located in the direct surrounding of the wind
park and form a clear deﬁned space in which the
turbines are arranged.
Divided space: The vertical landscape elements form
several spaces in which the turbines are arranged.

To deﬁne the composition type, a mass space map can be
made. The location of the turbines in comparison with the
mass elements determines the composition. Since the exact
location of the turbines as well as the number of turbines is
not yet known the composition type might change after the
other steps are taken.
Height planting

Composition type
0-2m

Open space

Deﬁned space

Divided space

Once the view shed is deﬁned, the composition type should
be taken into consideration. The composition is deﬁned by
the landscape elements in the direct surrounding of the wind
park.
The composition type ‘open’ means that landscape elements
do not inﬂuence the turbines and vice versa. In the composition types ‘deﬁned’ and ‘divided’, landscape elements are located very close to the wind park which means that they
might inﬂuence each other. In the last case the wind turbines
should be adjusted to the height of the planting to keep their
connection to the landscape and to prevent interference with
planting.
Short summary of the composition types:
Open space: the distance between the wind park
and vertical landscape elements is larger than 7
times the tower height. Landscape elements till a
height of 2 meter, like corn or grain, do not play a
role, since they are below eye level or temporary.
Deﬁned space: The vertical composition elements

2 - 20 m

> 20 m

To determine the height of the planting one has to know
which tree species are common in the area. Therefore the
location has to be visited.
Is the composition type ‘open’ in a landscape with a large
view shed, turbines with a hub height of about 80 meters
should be chosen. To get a 1:1 proportion the rotor diameter
should be 80 meters as well.
The composition types ‘divided’ and ‘deﬁned’ mean that
planting might inﬂuence the perception of the turbines. With
a large view shed, the appropriate hub height is still 80 meters, but the size of the rotor depends on the height of the
planting. The uncovered part of the tower should be around
30%.
In landscapes with a small view shed, turbines with a hub
height of 100 meters might be a good choice. However, it still
depends on the composition type and the height of the planting.
Is the composition type ‘open’, turbines with a hub height of
100 meters with a rotor of 100 meters can be placed.
In the composition types ‘divided’ and ‘deﬁned’ the height of
the planting determines the height of the turbines. For planting with a height of 2 meters or more, the corresponding
tower height and rotor diameter should be calculated to get
an uncovered tower of 30%.
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Step 3 - Ground plane
Lay-out

Soil & Water

Existing Roads

Weak soil or high ground
water level

Many roads

Regular

Paved or semi paved maintenance paths are necessary

Try to connect wind turbines to existing roads

The turbines can be connected to the pattern of the
existing roads

Few roads

Regular

A new network of roads has
to be made

Maintenance roads can be
adjusted to the pattern of
the landscape

Irregular

Regular or Irregular

Irregular

Regular or Irregular

Regular or Irregular
Solid soil or low ground water
level

Paved maintenance paths
are not necessary

224

When the majority of the planting has, for example, a height
of 15 meters, turbines with a hub height of 80 meters have
to be placed. The appropriate rotor diameter for a turbine
with a hub height of 80 meters is in these landscapes 80 meters as well. However, it is possible to place turbines with a
hub height of 100 meters, but in that case a somewhat larger rotor diameter is needed to have an uncovered part of the
tower of 30%.
When the majority of the planting is around 20 meters or
more, turbines with a hub height of 100 meters can be placed.
The exact rotor diameter depends on the height of the planting, in general a rotor diameter of 100 meters is sufﬁcient.
When it is decided to place turbines with another hub height
as described, the uncovered part of the tower should be taken into account. Is this part about 30%, the turbine will ﬁt
the landscape.

soil type and water level can be derived from water agencies.
If the soil is weak and the groundwater level high, paved
maintenance paths are necessary for heavy machines to
reach the turbines.
In landscapes with solid soils and low ground water levels it
is advised not to develop new maintenance paths since they
increase the technical appearance of the wind park. Maintenance of the turbines is needed only seven days a year; the
machines can drive through the parcels. The chance of crop
damage is low, but has to be compensated. Special maintenance machines might be needed. A high density of existing
paths and roads can be used as well.
Existing roads

Turbine characteristics

Many roads

The minimal distance between the turbines within a wind
park is usually 5 times the rotor diameter. In an irregular
cluster this distance can differ. After this step the basic elements of the wind park like tower height, rotor diameter and
the minimal distance between the turbines are known.

Step 3: Ground plane
In this step the functional characteristics of the wind park are
determined considering the ground plane.
Soil and water

Few roads

Regular

Irregular

If many existing roads and farm paths are available at the
chosen location, it should be tried to connect the turbines to
them. The best lay-out depends in this case on the regularity
of the infrastructure network. For example with many irregular roads a random cluster may work out the best. However,
the choice for the lay-out of the wind park also depends on
step 4.
If there are only a few roads and farm paths available, a new
network of paths has to be developed. It is advised to develop only semi-paved paths, in order to increase the ‘natural look’ of the wind park. The new maintenance paths can be
adjusted to patterns in the ground plane, for example wood
banks or canals. The development of a new network of maintenance paths is most efﬁcient in a regular grid, since more
turbines can be connected with just one, straight path.
After this step it is known whether the lay-out is regular or
irregular.

Weak Soil

Solid Soil

The solidity of the soil is important for the development of
maintenance paths within the wind park. Information about
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Step 4 - Context & Viewers
Routing

Settlements

Composition

Orientation

Determine which roads
surround the wind park and
the visibility from them

Determine the location of
settlements and the degree
of planting

Determine the composition
type. The amount of turbines depends on the
composition.

Inventorise important roads
and the visibility from the
roads in the neighbourhood
of the wind park

Short views

Houses are unplanted

Open space

A regular lay out is not
readable. Adjust lay-out to
views or vista’s

Avoid turbines which are
clearly visible behind houses & villages which are not
planted

Keep a distance of approximately 7 times the tower
height to vertical landscape
elements

Long views

Houses are planted

Deﬁned space

The lines within a regular
lay-out are readable

Turbines behind planted
villages & houses do not
cause interference

Take the height of vertical
mass elements into account

Divided space

Adjust a regular lay-out to
the direction of the road to
make it more readable
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Take the height of vertical
mass elements into account
Create uniformity between
different spaces with a
regular grid
Keep some feet visible to
increase the group effect

A high visibility from important roads can be a reason
to create an orientation
point from the wind park
and do something special
with design

Step 4: Context and viewers

Composition

In this step the lay-out of the wind park will be improved by
taking the context into account. A closer look has to be taken
how the viewers perceive the wind park from settlements
and roads.
Open space

Deﬁned space

Divided space

Routing

Short views

Long views

An inventory of the main routes and the visibility of the wind
park from these routes should be made. This can be done by
drawing a rough visibility map form the main routes during a
visit to the location. Because no turbines a re present yet,
the visibility map is only an indication.
If there are only short views at the location of the new wind
park, a regular lay-out (rectangular or triangular grid) will
not be recognized by spectators, unless lines within the layout are adjusted to these views.
If the views are long, a regular lay-out will be readable since
people have time to distinguish separate lines. A regular layout should in this case be adjusted to the main routes to increase the recognizability. A rectangular or triangular grid
will be best recognized when lines within the grid are located
perpendicular to the route.
Settlements

Unplanted

In this step the exact location and the number of turbines is
determined. Therefore a ﬁnal closer look at the composition
types has to be made.
The amount of turbines within the new wind park depends on
the size of the location, the number of turbines and the desired composition type. With an increasing amount of turbines, the same location can function as ‘open’, ‘divided’ and
‘deﬁned’.
For the composition types ‘divided’ and ‘deﬁned’ the height of
vertical mass elements is important. Moreover, for a divided
space counts that the feet of some turbines should be visible
to increase the group effect. Uniformity within the wind park
has to be created with a regular lay-out.
Orientation point

A high visibility from highways and other main routes can be
a reason to use the wind park as an orientation point. In this
case something special can be done considering the design.

Planted

The location of settlements and the degree of planting around
them as well as around farms and houses is important for the
perception of the wind park. Houses and farms which are not
surrounded by planting will be minimized by the turbines.
Turbines behind unplanted settlements will change characteristic views dramatically. When unplanted houses or settlements can be found in the area, the exact location of the
turbines should be adjusted to prevent any interference.
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Step 5 - Design
Regional characteristics

Colour

Ground plane

Information

Inspire the design of the
wind park on region characteristics

The main colour should be
white however subtle colour
accents can be used

Use as less technical interventions as possible

Information boards to
make people more aware
about wind energy

Be careful with colours in
complex landscapes

Integrate maintenance
roads with recreational
roads
Keep the feet of the turbines as subtle as possible
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Step 5: Design

Ground plane

The last step of the Landscape Based Strategy can be used
to give the new wind park its own ‘face’.
Regional characteristics

The design of a wind park can be inspired by the characteristics of the region where it is located. For example, the turbines in a wind park near national airport Schiphol can be
coloured in the colours of airline company KLM.
If the wind park has to function as an orientation point, this
step is very important.

According to the foot of the turbine counts ‘less is more’. Use
as less technical interventions as possible to decrease the
technical image of the wind park. Transformers should be
placed inside the tower of the turbine and, if possible, the
concrete foundation should be invisible.
The foot of the turbine should be kept as subtle as possible.
Information

Colour

Colour (accents) can be used to distinguish a wind park from
other parks. Nevertheless, it is advised to leave the main
colour of the turbines white. In complex landscapes one
should be very reserved with the use of colours.

Where possible, maintenance paths should be integrated
with recreational routes to bring people in contact with wind
energy. In combination with information boards it will people
make more aware of wind as an energy resource. The acceptance will be increased when people get more knowledge
about wind energy and when they can experience wind parks
in another way.
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Chapter 7
Case studies
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I

ntroduction
To demonstrate that the Landscape Based Strategy is a useful tool for designing wind parks in the Netherlands, it has to
be tested. Therefore three case studies are done for three
different areas in The Netherlands.
The case studies have to show that besides the large scaled
open landscapes, in which most wind parks in The Netherlands are placed, also the small scaled and enclosed landscapes are suitable to allocate a large wind parks.
Although small scaled and enclosed landscapes can be found
in several areas in the Netherlands, two provinces in the
Northern part of The Netherlands are chosen to work out the
case studies: Drenthe and Friesland.
Drenthe is chosen because it has difﬁculties with allocating
wind parks. Friesland already has a large amount of small
wind parks, but they consist of older models of wind turbines.
The province has the wish to upgrade them by newer, more
proﬁtable models.
The two provinces consist of different landscape types, besides open polders and meadows more enclosed landscapes
can be found.
According to the vision, wind parks should be connected to a
speciﬁc region or city to make people more aware about wind
energy. Therefore three search areas near cities are chosen
to ﬁnd a suitable location: one in a small scaled open landscape (near Leeuwarden) and two in small scaled enclosed
landscapes (near Assen and Drachten).
For every location the Landscape Based Strategy is used to
make proper decisions.
The case studies will be described step by step, which implicates that every step is taken separately. However, the case
studies are done with the whole Landscape Based Strategy in
mind. The development of a wind park according to the Landscape Based Strategy is a cyclic process.

Landscapes of the northern provinces of The Netherlands

Fryske Walden
Friese Meren

Kampen & Essen

The three locations of the case studies
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V

ision wind energy in The Netherlands
The electricity consumption in The Netherlands can be roughly divided into two groups. The ﬁrst group, which consumes
most electricity, is trade and industry. The second group is
the households.
It is an illusion to think that wind energy can supply in the
total energy needs of The Netherlands, therefore it is not
stable enough. However, 25% of the electricity need can be
supplied by wind energy without causing problems on the
electricity network. In other words, it can supply in the total
energy needs of all households. This means that 9000 MW of
electricity has to be produced by wind turbines.
The national goal is to develop 6000 MW offshore in 2020
and 1500 MW onshore in 2010. If the total capacity of onshore wind parks is increased to 3000 MW, there is enough
capacity to supply in the electricity needs of all Dutch households. In our opinion this is possible. Since the newest wind
turbines have a capacity of 2 or 3 MW, only 1500 or 1000
turbines respectively are needed onshore to produce the desired 3000 MW.
Dispersion
Instead of clustering all wind turbines in one part of The
Netherlands, and in this way creating so called ‘windscapes’,
wind parks should be dispersed over the whole country and
connected to a speciﬁc region. This has many advantages.
First is that electricity has to reach the households where it
is needed. The closer a wind park is located to these households, the easier and cheaper the transport will be. As can be
seen on the picture, power plants are spread over the whole
country as well.
A second advantage can be found in the stability of the electricity network. Wind parks are always somewhat unstable in
their electricity production, because they are dependent on
the amount of wind. If one large wind park is connected to
the electricity network, it will cause a big ‘shock’ on the network when all turbines suddenly stop producing electricity, a
deﬁcit in the amount of electricity will be the consequence.
Power plants have to switch on their generator, which takes
a lot of time and is very expensive. However, this ‘shock’ will
be less if more, smaller wind parks are spread over country.
It is not likely that they will stop turning all together.
Furthermore, green energy is very popular nowadays. Many
people are paying for it without realizing where the energy
comes from. One wind park in the north of The Netherlands
will give green electricity to the citizens living nearby. People
in the south never get green energy from that wind park.
When every region in the Netherlands has its own wind park,

every household gets green energy. Besides that, people become more conscious about the needs and the beneﬁts of
wind energy. People can point at ‘their’ wind park and say
‘this is where I get my green energy from’. The wind park in
the landscape will be connected to a lower electricity bill.
Research shows that people who live close to a wind park and
have direct experience of this wind park working are more
positive about wind energy than people who do not have a
wind park near them (Simon, 1996). Bringing wind parks to
the people will increase the acceptance of wind energy.

7

The Dutch electricity network (Source: Tennet)
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Landscape image
The Dutch have the tendency to bundle wind parks with elements with a technical character. In a report about the search
for suitable locations for a wind park in the municipality of
Bernheze in the province of Noord-Brabant, some remarkable preferences are noted down. The ﬁrst preference they
have is the spatial connection between wind parks and largescaled technical elements. Examples of large-scaled technical elements are given as well: railways, power lines, glasshouses and industrial areas. Their second preference is to
connect wind parks to artiﬁcial lines and planes in the landscape, like canals, highways and parcels (gemeente Bernheze, 2005).
This is, in our opinion, the wrong way to start the search for
a suitable location for a new wind park. It is this connection
with technical elements which give wind parks their technical
image, which is not appreciated by many people.
Our aim is to increase the natural appearance of wind energy
by placing them in the countryside of The Netherlands. Technical interventions should be reduced to a minimum and wind
parks should not be bundled with any industrial elements.
When 1500 turbines with a capacity of 2 MW have to be
placed, this can be done in a few, large wind parks. For example, 15 parks of 100 turbines will be enough. When turbines of 3 MW are used, only 10 parks have to be developed
to reach the same goal. However, ﬁeld work learned that,
from an aesthetical point of view, it is better to develop a
larger amount of smaller wind parks. In this case the term
‘smaller wind parks’ is used for parks of approximately 20-30
turbines, which is, compared to current parks in The Netherlands, already very large. Developing parks of 20 turbines
means that 75 parks with 2 MW turbines or 50 parks with 3
MW turbines are needed.
It is concluded that every landscape is suitable for the implementation of wind parks. However, rules created by the government work restrictive. One important rule is that the distance between a house and a wind turbine should be at least
4 times the hub height of the turbine. Because of the high
building density in The Netherlands, this makes many places
unsuitable for the implementation of wind parks. Therefore
we have to say that every landscape is suitable, but not every area within this landscape.
Identity
‘All wind parks are the same’ is an often heard quote. And it
is true, every wind parks looks more or less the same, since
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every turbine looks more or less the same. It will always be
a functional object, which means that its design is somewhat
restricted. But not every wind park has to be the same, especially not when they are located in different landscapes
throughout The Netherlands.
Because landscapes differ, the composition of a wind park
and these landscapes will differ as well.
A wind park located in the sea-clay landscape of North
Friesland will therefore look different than one located in the
sandy landscape of Drenthe. These differences, given by the
landscape, are what the designer gets for free. He only has
to use it.
The designer can do something extra to give the wind park
its own face and to make the link between a wind park and a
speciﬁc region stronger. Think for example of ‘Delft blue’ wind
turbines near Delft, or turbines inspired by the so called ‘Amsterdammertjes’ near Amsterdam.
However, as described before, it is better not to use too much
design in a wind park. The landscape will become very restless. Striking colours can be very nice in the direct neighbourhood of the wind park. For example Almere Pampushout
is a beautiful wind park. But imagine if all wind turbines are
coloured. Subtlety is better than far-fetched creativity. Wind
turbines and wind parks should be kept pure and peaceful,
just like wind energy.
Besides colour accents there are many other aspects which
can be designed in a wind park. For example the ground
plane, the area where people actually make use of, is a very
interesting area for design. To increase the acceptance of
wind energy, it is really important to inform people about the
wind park which is located in their region. Recreational paths
along a wind park with information about wind energy or the
location are both nice and instructive.
Wind turbines or wind parks can also be part of temporary
designs or shows.
The crop or ﬂower choice on the ﬁelds beneath the wind parks
(like yellow coleseed or red poppies) can give a wind park a
completely different image.
For special occasions wind turbines can be wrapped up with
bright coloured materials like a Christo project. They can also
be the décor of a spectacular show which was done for example in a wind park near Aalborg in Denmark. This park was
used to give a spectacular light show.
Larger projects are possible when the whole area beneath
the wind park is bought. The area can be developed in nature
or a recreational area which gives the landscape a surplus

value for the future. As soon as the wind turbines are removed a beautiful area will be left over.
It should always be kept in mind that a wind park only lasts
for about 20 years. After this period the turbines have to be
replaced or the whole wind park will be removed. This means
that inﬂuencing or creating a composition with a wind park
by planting forest does not make sense. By the time the
trees are fully grown, the wind park is removed.
There are many possibilities to give a wind park its own ‘face’
but in every case the landscape should be the leading factor
when it comes to a design for a wind park.
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Kampen & Essen in Drenthe

7
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tep 1: Location choice
In the ﬁrst step a location has to be found for a new wind
park near the city of Assen. Assen is a medium sized city in
the province of Drenthe. The landscape over here is called
‘Kampen- en essenlandschap’: a slightly sloping landscape
with many wood banks, fragments of woodlands and larger
woodlands.

Settlements

The search for suitable locations starts with drawing circles
around villages, farms and houses. Circles of 400 meters are
used, which is the proper distance for turbines with a hub
height of 100 meters.
Unless the regular landscape to the east of the villages Annen, Eext and Gieten seems to be suitable on the ﬁrst hand,
spread farms and small settlements make that large parts of
this landscape are too small for a large wind park.

The power line in the east will cause interference

Power pylons & Wind parks

Tracing power lines and eventual other wind parks makes
clear that some locations are not suitable, since the presence
of a power line or another wind park is not preferred because
of the high risk of interference.
Between the villages Gasteren, Anloo, Eext and Anderen a
possible location without the neighbourhood of other wind
parks, power lines and farms or houses can be found. Another location is located to the north of the villages Gasteren
and Anloo. The size of this location makes it less suitable, so
the bigger location between Gasteren, Anloo, Eext and Anderen is chosen to develop a new wind park.
Now a closer look at the characteristics of the landscape is
necessary.
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The chosen location

7

The search area in Drenthe. Assen is located a few kilometers to the west
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tep 2: Landscape Characteristics
Visibility

To determine the visibility a rough indication is made by using the topographic map. Many wood banks and (fragments
of) woodlands can be found in this landscape. Many roads
are planted as well. Because the planting will often block the
view, the view shed is short in this landscape. Turbines with
a hub height of 100 meters might be a good choice, but the
exact height depends on the height of the planting as well.

Composition

Divided space

The area is surrounded by mass elements like woodlands and
wood banks (grey is mass)

The chosen location is divided in several spaces by road
planting, wood banks and fragments of woodland. Therefore,
the composition type will be ‘divided space’, which implicates
that the height of the planting is important for choosing the
hub height of the turbines.

Height planting

Planting > 20 meter

Most planting consists of oaks and beeches, characteristic
species for landscapes with sandy soils. These trees reach
heights of approximately 20 to 30 meters.
Placing turbines with a hub height of 100 meters will not
cause problems concerning interference with planting. Together with a rotor diameter of 100 meters, the uncovered
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The mass-space map shows the composition type

Wood banks and blocks of woodlands divide the area in several spaces

The most common species in the area are full grown oaks and beeches
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part of the tower will be 100 - 50 (one rotor blade) - 25 (the
height of the planting) = 25 meters, which is 25%.
This is less than 30%, but still within the margin of 25-35%.
The turbines will therefore form an aesthetic composition
with the planting.

Turbine characteristics

50 meters

50 meters

Hub height = 80 meters

The distance between the turbines is at least 5 times the rotor diameter, which means in this case 500 meters.
Tower height = 100 meter
Rotor diameter = 100 meter
Proportion tower - rotor = 1:1
Power per turbine = 3 MW

50 meters

50 meters

Hub height = 100 meters

80 meters

100 meters

The degree of interference depends on the height of
the turbine and the position towards planting.
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The size of a full grown oak (Quercus Robur) and beech (Fagus Sylvatica)

7

Turbines with an hub height of hundred meters will be allocated, like these ones in wind park Bippen
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tep 3: Ground plane
Soil and water

Solid soil and low water level

In general the sandy areas in The Netherlands have a solid
soil and a low ground water level. This is also the case at the
chosen location, where almost no canals can be found. The
main tree species (oak and beech) also point at low ground
water levels.
Because of the solid soil and the low ground water level, it is
not necessary to develop a new system of paved maintenance paths for the new wind park. Machines used for maintenance can drive through the parcels.

Existing roads

Many existing roads are located in the area

Many roads

Irregular pattern

However, there are many existing roads and paths available.
By shifting a bit with the lay-out of the new wind park, some
of the existing paths and roads can be used. The damage of
crops which caused by machines driving trough the ﬁeld will
be low. Eventual damage has to be compensated.
Because no paved maintenance paths are needed, it is not
necessary to use as many existing paths and roads as possible. Therefore, it is possible to place a triangular raster. In
the next step the choice for this type of layout will be explained.

Many turbines within the raster can be connected to existing roads
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Solid soil

Many existing roads and paths are found in the area, those are often planted
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tep 4: Context & Viewers
Routing

Long views

To get insight in the visibility of the new wind park, a rough
visibility map for the main routes is made. This map shows
that, unless the presence of planting, the views from these
routes at the wind park will be long. This means that a regular lay-out will be recognized.
The direction of the roads is important to determine the direction of the lines within the lay-out of the wind park. It is
decided to adjust the raster to the road leading through the
wind park and to the main route to the south of the location,
the N33. From these roads the wind park is most visible.

N33

Composition
Some long views from the main road (N33)

Divided space

The amount of turbines which can be placed depends on the
location and on the chosen composition type. The chosen
composition type is ‘divided space’. The wind park will jump
over a planted road and fragments of woodland. Some wood
banks are located within the wind park. To create uniformity
between the different spaces a regular layout is chosen. The
straight lines make the wind park more readable in this complex landscape.
It is decided not to place any turbines within the woodland in
the northern part of the location because it will decrease the
readability of the layout from that side. Moreover the effects
of placing turbines within woodlands are not yet researched.
In total, 30 turbines with a hub height of 100 meters can be
placed at the location. However, the location would be completely ﬁlled and there are good reasons not to place some of
the turbines.
The lines of the raster are adapted to the direction of the N33
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Close to the village of Gasteren, in the northern part of the
location, 5 turbines will not be placed. This is because they
are ‘jumping’ to another space and thus might loose their
connection with the rest of the wind park. Besides this, two
of the turbines will be clearly visible from within the village of
Gasteren.
One turbine is located in the brook valley of the Gasterensche Diep. A planted road is located between the turbine and
the rest of the turbines, which means that there is a high risk
that this turbine will loose its connection with the wind park
as well.
Because a brook is a very strong landscape unit the valley is
kept free of turbines.
The last two turbines which will not be placed are located in
the southern part of the location. These turbines will loose
their connection with the lay-out of the wind park because
they are only part of one visible line within the park. This
means that they will often be seen as ‘strangers’.
The reason not to place eight of the turbines also has to do
with the wish not to overﬁll the location. The 22 turbines will
create a compact wind park which will leave some space
around it.

All possible turbines are placed

Settlements

Settlements are planted

Before the exact number of turbines is determined, planting
around villages, houses and farms has to be checked as well
as the visibility from these places.
Houses and farms as well as villages are in general planted,
which means that no interference between those elements
and the wind turbines will occur.
Visibility checks can be done by making cross-sections. The
ﬁrst element between the viewer and the turbine is in general leading for the visibility of a wind turbine. If the distance
between the viewer and this element and the turbine is measured and drawn on scale, it can be deﬁned which part of the

7

A more aesthetic and compact wind park is created by deleting
some of the turbines, 22 turbines are left
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turbine will be visible.
According to the planting around farms, houses and villages
and the visibility check, there is no reason not to place one
or more of the 22 turbines.

Orientation point

No orientation point

The wind park will not be very visible from highways and
main routes. This means that it does not make sense to let it
function as an orientation point.
Before the last step will be taken, the characteristics of the
wind park will be summarized:
Amount: 22 turbines
Layout: Triangular raster
Ground plane: No maintenance paths
Total power: 66 MW

The cross section is taken over Anderen

The ﬁnal composition of the wind park

The part of the wind turbine seen by the spectator

A cross section on scale can be used to determine which part of a turbine will be seen (see picture above).

248

Some spread trees and fragments of woodland are found at the location

Villages and farm yards are planted
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tep 5: Design
This last step of the Landscape Based Strategy will be used
to give the wind park its own ‘face’.

Regional characteristics

The province of Drenthe is very touristic. Many people from
all over the country as well as from foreign countries come to
this part of The Netherlands for biking or walking and to enjoy the country live. Several cycle routes cross the wind park.
The touristic character of Drenthe is used as an inspiration
source for the creative step.
Because of the enclosed character of the landscape, it is not
possible to get an overview of it. The turbines with their hub
height of 100 meters can provide in this when a so called
‘crow’s nest’ is attached to their tower. Three turbines are
equipped with such a crow’s nest. Two of them are connected
to a new recreational route and provide a view over the brook
valley and estate Terborgh. An existing picnic location is integrated in the route. The third turbine is located close to a
main road, so it is easy accessible by car. The recreational
route will bring people directly into the wind park. Once there,
people can use an elevator to go up and enjoy a panoramic
view over the landscape of Drenthe.

Information

The location of the crow’s nests and the walking route

Turbine with crow’s nest

Picnic location

Recreational route

Information facilities will be connected to the routes crossing
the wind park. At special picnic locations people can read
about the wind park and wind energy in general. In this way
people will be more involved in the world of wind turbines
and wind energy.
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Many people come to Drenthe to enjoy outdoor leisure
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Ground plane

Because of the solid soil and the low ground water level, no
maintenance routes have to be developed.
Transformers will be placed inside the tower of the turbines.
Together with an invisible foundation this will increase the
‘natural look’ of the wind park.

Colour

Because the landscape of Drenthe is, with many wood banks
and woodlands rather complex colour accents on the turbines
will create a restless image of the wind park. Together with
the preference for a clean natural look, the turbines are kept
white.

The foundation of the turbines is invisible

Special machines can reach the turbines in case of maintenance
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In case of maintenance a track through the ﬁeld is sufﬁcient

Information board along touristic route

Picnic place and benches close to the wind park
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View over the village of Anderen (animation 1)

View from the middle of the location, one turbine with crow’s nest can be seen in the background (animation 2)

254

255

View from Gasteren, the turbines will be hardly visible (animation 3)

Some wood banks are located inside the wind park (animation 4)
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Friese Meren

Wind park De Friese Meren
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tep 1: Location choice
Close to the city of Leeuwarden, the capital of the province
Friesland, another suitable location for the implementation of
a wind park is searched. The area is located on the edge of
two landscapes. At the east side the lake area of Friesland
can be found. This area is very well known by sailors and
surfers. At the west side the sea clay landscape is located
with its winding roads and terpen. The meadows are used for
dairy farming. Both landscape types are very open.

Settlements

Circles of 400 meters around villages, farms and houses are
drawn, so every possible location is suitable for turbines with
a hub height until 100 meters.
Unless the landscape seems to be very open, many spread
farms, houses and villages make large parts of the landscape
unsuitable for the allocation of a large wind park. Nevertheless some locations are found.
At the east side of the area also a large area without housing
is found. This area is a natural reserve with lakes and peat.
Despite the Landscape Based Strategy does not say anything
about restricted areas; these have to be taken into account.
Therefore no wind park will be located in a natural reserve.

Some locations are not suitable because of the power lines

Power pylons & Wind parks

After locating power lines and other wind parks two power
lines are crossing the area, one in the north and one in the
west. Therefore the locations in the west and north are not
preferred because of the risk of interference.
Between the villages Eagum, Wergea and Warten a suitable,
somewhat elongated location is found. Unless a power line is
situated parallel to the highway, it will not cause interference
since it is not located between the wind park and the highway. Therefore this area is suitable.
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The chosen location

7

The ﬁrst search area in Friesland. Leeuwarden is located in the north.
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tep 2: Landscape Characteristics
Visibility

As already remarked, the landscape in this part of Friesland
is very open. Almost no landscape elements are present, with
an exception of randomly scattered farm yards, shrubs and
some willow trees. The view shed in this landscape is in general very long. The open character of the landscape and the
long views are a reason to use turbines with a hub height of
80 meters.

Composition

The area is very open. The turbines will be visible at large distances (grey is mass)
Open space

There are almost no landscape elements above eye level in
the polder which means that the composition type will be
‘open’. No mass elements which might inﬂuence the perception of the wind turbines and the wind park are present.

Height planting

No planting

The appropriate rotor diameter for turbines with a hub height
of 80 meters is in this case 80 meters as well, to get the desired 1:1 proportion between tower and rotor diameter.

The mass-space map shows the open composition type
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Open polder

Randomly scattered farmyards
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Turbine characteristics

The distance between the turbines should be at least 5 times
the rotor diameter, which is 400 meters with the chosen turbines and the chosen rotor diameter.
Tower height = 80 meter
Rotor diameter = 80 meter
Proportion tower - rotor = 1:1
Power per turbine = 2 MW
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The main species in this area is willow (Salix Fragilis), they can reach a height of about 25 meters

7

Most willows do not reach 25 meters
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tep 3: Ground plane
Soil and water

Weak soil and high water level

Many canals in the area point to a high ground water level.
Together with the clayey soil the ground plane is weak. Because the soil will be too weak for maintenance machines,
paved maintenance paths are necessary in this wind park.

Existing roads

Many roads

Regular pattern

Many existing paths and roads are present in the area. They
can be used as maintenance paths when the layout is adjusted to them. The pattern of existing roads is rather regular, therefore connecting the turbines to the existing infrastructure is only possible with a regular layout.
Only a few new paths have to be developed. Most of them
can be adjusted to parcels borders.

Many existing paths and roads can be used

It is necessary to develop some new paths for maintenance work
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High water levels

7

Many small roads to parcels
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tep 4: Context & Viewers
Routing

Long views

Because the landscape is very open, the view shed is in general large. From the main routes surrounding the location,
the new wind park will be highly visible. This means that a
regular layout makes sense, since people will have time to
recognize it.
Most people will pass by on the highway. Lines within the
layout are therefore adjusted to the direction of the highways, which leads to a triangular raster.

Composition

Long views from roads due to the open character of the area
Open space

The location is very open and therefore the composition type
will be ‘open space’. In that case, mass elements have to be
at a distance of 7 times the tower height, which is in this case
640 meters. Most of the times the distance between farm
yards and the wind turbines is more than 640 meters, but
some farm yards are situated at a shorter distance. However,
this will not harm the composition.
In total it is possible to place 28 turbines at the chosen location. Some turbines are placed within the circles of 400 meters around farms, houses and villages, but since the tower
height is set to 80 meters, the distance between houses and
turbines can be 320 meter (4 x 80 meter, 4 times hub
height).
The three turbines close to the village of Warten have a high
risk of loosing their connection with the layout of the wind
park. From many viewpoints they are not standing on a clear
line with other turbines within the park. This is a reason not
to place them.

The lines of the raster are clearly visible from main routes
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All possible turbines within the wind park have a distance of at
least 320 meters from houses and villages

The ﬁnal composition will be ‘open space’

7

Three turbines in the north will not be placed
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Settlements

Settlements are partly planted

Villages surrounding the location are planted. Farmyards are
partly planted, which might cause interference. However, the
turbines will have enough distance from houses, which prevents interference.
Because the layout of the wind park is rather elongated, it is
possible that too many turbines are placed behind each other. This will cause interference within the wind park. The largest amount of turbines behind each other is eleven, but they
are laid out in a regular pattern which decreases the risk of
interference. An animation shows that no interference occurs
in this park.

Orientation point

The wind park can function as orientation point near Leeuwarden

Orientation point from highway

As mentioned before the wind park will be highly visible from
the highway to Leeuwarden, the A23. Furthermore the wind
park can be seen from the main road N31. The high degree
of visibility is a reason to let the wind park function as an
orientation point. The fact that Leeuwarden is situated close
to the wind park will give the orientation point a meaning: it
announces the city. In the next step the wind park will get
something extra which emphasize its special position.
The characteristics of the park until now:
Amount: 25 turbines
Layout: Triangular raster
Ground plane: Maintenance paths mainly on existing paths
and roads
Total power: 50 MW
View from highway: the area is clearly visible
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Farms are partly planted
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tep 5: Design
Regional characteristics

As already mentioned the wind park will get something extra
to function as an orientation point. The extra creative step is
inspired by the characteristics of the region. The position
next to the lake area gives an excellent chance for doing so.
Once the wind turbines are placed, they can be compared
with the masts of sailing boats, sailing on a lake. The wind
park will be connected to the lake area by placing sails to the
towers of the wind turbines. The sails are made out of steel
and attached to some of the turbines. Because the landscape
is not very complex, the sails can be painted in a bright colour to make them highly visible.
Eventually the sails can be removed and replaced by other
ones which announces a special event or season.
The sails emphasize the wind which is also necessary to sail
and surf.
The wind park will be an attraction from the A32 and a visiting card for the Friesian Lake area. They will give the orientation point an extra meaning and people will remember this
special wind park as the one belonging to Leeuwarden and
the Frisian Lakes.

Colour

The sails will give the turbines a striking colour. The turbines
themselves stay white.
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Indication of the turbines equipped with a sail
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The Friesian Lake area is popular for all kinds of aquatic sports
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Groundplane

Because of the weak soil, maintenance paths are necessary
in this wind park. For the paths which have to be developed
it is advised to use special kinds of hardening materials which
allow vegetation to grow through it. This will decrease the
impact of the wind park in the landscape. Transformers should
be placed inside the tower and, if possible, the concrete foundation should be covered with the earth.
Information

Information about the wind park is given

At the entrance of the wind park an information board is
placed which tells something about the wind park and wind
energy in general. No extra recreational routes are constructed. The existing roads along the wind park and one through
the wind park will function as recreational routes.

The sails can be removed and replaced by other ones which announces a special event or season
(Sneek week, Spring, Frisian ﬂag, Queens day and the ﬂag of Leeuwarden)
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Existing roads are used as maintenance paths

New maintenance paths should be made from semi paved materials which allow vegetation growth
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View from the middle of the wind park (animation 1)

The wind park seen from the south (animation 2)
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View from the highway (animation 3)

The park seen from the west, no interference will occur (animation 4)
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tep 1: Location choice
The second area in the province of Friesland where a location
for a new wind park is searched is called ‘Fryske Walden’ and
is situated near the village of Drachten. As the name already
indicates (‘Fryske Walden’ means ‘Friesian Woodlands’), this
area is rather enclosed. However, ‘woodlands’ is not the correct word, since the enclosed character of the area is mainly
caused by a large amount of wood banks.

Location choice

Circles around farms, houses and villages do not leave many
suitable locations for the implementation of a new wind park.
However, two suitable locations can be found: one is situated
between the villages of Twijzel and Twijzelerheide and a
somewhat larger location is situated between the villages of
Twijzel, Buitenpost and Kootstertille.
Two suitable locations are found

Power pylons & Wind parks

A power location is located inside one of the locations. Normally this is a reason to search for another location, but because of its position in the southern part of the area and the
enclosed character of the landscape which makes the power
line almost invisible from the main routes around the wind
park, it is expected that the degree of interference is very
low.
Because this area is the largest area it is chosen to develop
a wind park.

The chosen location
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The second search area in Friesland is located in the small scaled landscape of the Fryske Walden
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tep 2: Landscape Characteristics
Visibility

Long view shed

The view shed of the wind park is determined by using the
topographical map.
A large area of dense wood banks surrounds the location.
This area is 3 to 10 km thick. Outside this area meadows and
lakes can be found. Close to the wind park the views are
short because of the wood banks. Because of the open character of the surrounding landscape, the wind park will be
visible from larger distances. Therefore turbines with a relative low hub height are preferred.

Composition
The area is enclosed nearby but more open at a larger distance
(grey is mass)

Divided space

The area is divided by wood banks in the south but more
open in the north. The wood banks in the south will inﬂuence
the composition and perception of the wind park, therefore
planting plays a major role when choosing the exact height
of the turbines.

Planting

Height planting = 10 - 15m

The wood banks in this area mainly consist of alder trees, a
species which can reach a height of about 20 meters. In this
landscape the majority of the trees did not reach this height,
probably because they are cut down every now and then.
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The mass-space map shows the enclosed area in the south and
the more open space in the north

The composition of the area is formed by many wood banks

Because of the amount of mass elements, the power pylons are barely visible
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The estimated height of the trees is 10-12 meters.
The height of the planting makes that turbines with a hub
height of 80 meters are a good choice. However, to get an
uncovered tower of 30% the rotor diameter has to be a bit
larger than the tower. A rotor diameter of 90 meters is needed (80 (hub height) – 12 (planting) – 45 (rotor blade) = 25
meter = 28,8%).

Turbine characteristics
50 meter

50 meter

Hub height 80 meters, rotor diameter 80 meters

With a rotor diameter of 90 meters, the distance between the
turbines should be 450 meters (5 times the rotor diameter).
Tower height = 80 meter
Rotor diameter = 90 meter
Proportion tower - rotor = 1:1,25
Power per turbine = 3 MW

50 meter

50 meter

Hub height 80 meters, rotor diameter 90 meters

Hub height = 80 m
Rotor diameter = 80m

Hub height = 80 m
Rotor diameter = 90m

A somewhat larger rotor makes the uncovered part
of the tower approximately 30%.
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The main tree species is alder (Alnus Glutinosa) and some willows (Salix Fragilis)

Planting is approximately 12 meters high

A wood bank of alder trees
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tep 3: Ground plane
Soil and water

Weak soil and high water level

Many canals in this area as well as the main tree species (alder) point to a high ground water level and a weak soil. Other vegetation in this area is also adapted to high ground water levels and roads are situated on small dikes.
For the wind park this means that paved maintenance paths
are necessary.

Existing roads

Few roads

Regular pattern

Only a few paths and roads are available

Because only a few existing paths and roads are available, a
new network of paths has to be developed.
To make the technical impact as less as possible, straight
maintenance paths have to be developed, which means a
regular layout of the wind park. Such a regular layout also
corresponds with the regular patterns of the wood banks.
However, the choice for the layout also depends on other
steps in the Landscape Based Strategy.

Maintenance paths are situated on small dikes
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The vegetation and the pools in the area show that the ground water level is high

The roads in the area are situated on small dikes
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tep 4: Context & Viewers
Routing

According to the rough visibility map, made for this location,
the views from main routes on the new wind park are in general short. There are only a few short views between the
houses of the elongated village of Twijzel. At the east side of
the wind park the views from the road are a bit longer but
the road is not as important as the one at the west side.
Because there are only short views, a regular layout will
probably not be recognized, unless the lines of the raster are
adjusted to the short views one has.
Therefore the lines of the raster should be located exactly in
one line with the short vistas.

Composition
The wind park is hardly visible from the main roads

Open space

The composition type will be ‘divided’ because many wood
banks are located within the wind park. The lines are laid out
in the same direction as the pattern of the wood banks and
are adjusted to the short views between the houses in Twijzel. The wind park is not often visible, but when it is visible
the layout will be recognized immediately.
Because of the form of the area the most optimized lay out
is, taking the views and the direction of the wood banks into
account, a triangular raster.
The direction of the wood banks differs slightly (they are not
situated exactly parallel to each other), therefore the triangular raster is not completely regular. If the raster would
have been completely regular, it would have crossed some of
the wood banks which will cause an inconvenience view.
Lines within in the raster are therefore adjusted to the direction of the wood banks. In the ﬁeld this will be barely visible.
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The layout will be adapted to the short sights from Twijzel

Short views from the village Twijzel
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In theory it is possible to place 22 turbines at the chosen
location. However, three turbines in the southern part of the
location are not placed because of the presence of a power
line. If these turbines are placed, the power line will go
through the wind park. One turbine in the northern part of
the location is not placed because it will loose its connection
with the layout of the wind park. The 18 turbines which will
be placed will form a clear raster with 3 rows of 6 turbines.
Because turbines with a hub height of 80 meters are used, a
distance of 320 meters (4 times the hub height) between
houses and turbines is sufﬁcient. However, it is not possible
to place 4 rows of 6 turbines. Therefore it is decided to shift
the whole wind park to the middle of the chosen location.
Settlements

Settlements are planted

There will be no interference between the wind turbines and
houses, farms or villages because of the many wood banks
and the planted houses.

When all turbines are placed interference will occur

Orientation point

The wind park is barely visible from main routes. Therefore it
will not function as an orientation point.
The characteristics of the park until now:
Amount: 18 turbines
Layout: Triangular raster
Groundplane: Maintenance paths have to be developed
Total power: 54 MW

The ﬁnal number of turbines
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The ﬁnal composition

Houses are planted

7

The turbines will be arranged according to the straight character of the area
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tep 5: Design
Regional characteristics

Within a part of the chosen location, nature development has
already been started. The area is not in use by farmers any
longer and some small lakes are created. The present nature
development is used as a starting point to develop nature
beneath the whole area of the wind park. After the allocation
of the wind turbines, the area will be slightly transformed
into a nature area. This wind park will show that nature development and wind energy can form a perfect combination.
A straight network of maintenance paths will be developed.
These paths will be situated on small dikes of approximately
1 meter. They will be semi-paved on top. In between the
small dikes, wet areas and small lakes are developed by removing the top-layer of the ground plane and increasing the
water level. The soil from the top-layer can eventually be
used to create the dikes. Wooden plank-bridges will be constructed through these wet areas, connecting the dikes. The
dikes will function as cycle paths, the plank bridges as walking paths.
People can walk through the whole area on these paths and
are able to vary the length of the route they want to walk.

Between the small dikes walking paths are developed

Ground plane

Maintenance paths at small dikes

As recommended for all wind parks, transformers should be
placed within the tower of the turbines and the concrete
foundation of the turbines should be invisible.

Walking paths made from wood to connect the dikes
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The Fryske Walden are part of a nature development project
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Colour

Because of the clean and natural character of the turbines
and the nature area the turbines are kept white.

Information

Information about the nature area or about speciﬁc plant or
animal species in the area can be written on the turbines.
The wooden plank bridges are used as an educative route
along the wind turbines with information.
The turbines are placed

When the wind park is outdated and removed, a beautiful
nature area with a dense network of paths will remain.

Information about the area on the feet of the turbines
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Nature development starts after the allocation of the wind turbines

Once the turbines are removed, a full grown nature area remains

7
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View from the south on the wind park (animation 1)

Nature development has already started (animation 2)

298

299

View from a larger distance (animation 3)

Short view from the village Twijzel, the rows are adapted to these views (animation 4)
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Chapter 8
Conclusions
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C

onclusions
The main goal of this research was to develop a Landscape
Based Strategy for large wind parks in The Netherlands. To
reach this goal another question had to be answered: how do
spatial landscape elements contribute to an architectonic
well-considered implementation of wind parks?
The inventory of 20 wind parks in the ﬁeld and the analysis
of the data resulted in good insights in the relation between
landscape and wind parks.
We found out that speciﬁc aspects concerning scale, proportions and perception are correlated to landscape elements
instead of landscape types. Elements which play a major role
in the composition and perception of wind parks are planting,
power pylons and other wind parks. The proportion between
planting and wind turbines deﬁnes whether the wind park is
perceived as aesthetic. Furthermore, the degree of interference plays an important role in the experience of a wind
park.
In principle every composition is possible as long as speciﬁc
effects are taken into account. In that way we can conclude
that every Dutch landscape type is suitable to allocate a large
wind park.
Urban landscapes and hilly terrains are not investigated,
therefore the suitability of these landscapes is not yet
known.
Effects that make a huge difference in the perception of a
wind park and that can be inﬂuenced are used to develop a
Landscape Based Strategy. The exact value of the Landscape
Based Strategy is tested by accomplishing three case studies
in the Netherlands.
The main issue is whether the Landscape Based Strategy is a
useful method to allocate large wind parks in the Dutch landscape. The answer is yes, the Landscape Based Strategy is a
helpful guide which makes the allocation of a wind park well
considered. A few small adjustments of the wind turbines or
the wind park can make a huge difference in perception.
However, these aspects, like proportions or adjusting a layout to main routes, are often forgotten. By using the strategy
the focus shifts from rules and restrictions concerning the
direct surrounding of the wind park to a broader context in
which the landscape is leading.
The ﬁve steps of the strategy take functional aspects into account but also consider aesthetics, visibility and the experience from roads and settlements. The Landscape Based
Strategy focuses on these things in order to come to a more
aesthetic relation between wind park and landscape.
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Nevertheless, it is not possible to develop a strategy which
offers the best design for a wind park, simply because there
is not just one perfect design. The Landscape Based Strategy
is not a recipe where a location is the input and the output is
an aesthetic wind park. For each location there are many
possibilities. Every design will have its advantages and disadvantages, it is a matter of weighing the pros and cons and
making choices. The Landscape Based Strategy is a guide
which helps to make the best choices.
After completing the case studies, it became clear that the
amount of suitable locations in The Netherlands is limited. A
high building density in the rural area and a huge amount of
elements which can cause interference strongly decreases
the amount of suitable locations for large wind parks.
However, on every location that is large enough and without
elements that might cause interference, a wind park can be
developed. The suitability of a location does not depend on
the landscape type, since every landscape can be part of an
aesthetic composition when the steps of the Landscape Based
Strategy are taken into account. This fact increases the
amount of possible locations in different parts of The Netherlands. This also makes it possible to increase the amount of
energy produced by wind turbines. The different Dutch landscapes will be the basis of a huge variation of compositions
which makes every wind park unique.
The Landscape Based Strategy is a valuable method to increase the quality of wind park design in The Netherlands.
With this strategy, we hope to contribute to a well considered
allocation of large wind parks and promote wind energy as an
essential good.

8
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ecommendations
During almost one month of ﬁeldwork in different countries,
a large amount of useful data about the relation between
wind parks and landscape was gathered. These data were a
good basis to come to the Landscape Based Strategy as described in chapter 6.
However, further research can sharpen this strategy and
clarify some effects. Some recommendations for further research are done, but it should be kept in mind that there are
many more aspects of wind turbines and wind parks which
can be researched.
More research is needed on the height of turbines in relation
to the landscape. Unless some parks with turbines with a hub
height of 100 meters are investigated, the majority of the
visited parks exist of turbines with a hub height of 50 to 80
meters. Because large parks with turbines with a hub height
of 120 meters do not exist yet, only turbines with a maximum hub height of 100 meters are used in the Landscape
Based Strategy. It would be of great value to investigate wind
parks with taller turbines as soon as these are placed in the
landscape.
Although research is done for many different landscape types,
the effects of the implementation of wind turbines within
woodlands remain unclear. It would be interesting to know
more about these effects. An interesting aspect is what happens with the perception of a wind turbine within a forest
when the turbine can be heard while it is still invisible. Another aspect is the readability of the layout when all feet are
invisible.
One particular type of landscape has not been part of this
investigation. Urban areas as well as areas that are strongly
inﬂuenced by urban developments are still an unexplored
ﬁeld of research. Although our research primarily focussed
on rural areas, we think that a strategy based on the same
principles can be developed for urban areas as well. Considering that it is not the landscape but rather the composition
which determines the allocation and arrangement of wind
parks, it can be a challenge to develop a wind park in fast
changing, urban areas.
One of the found effects on perception of heights and distances, is the minimizing effect which occurs when turbines
are located close to buildings not surrounded by planting. In
those cases, buildings are perceived as very small or the turbines as very large. The minimizing effect does not occur
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when turbines are located close to planting. Therefore, when
houses or farm yards are planted, the minimizing effect does
not occur. Two theories are generated to explain the minimizing effect. However, conclusions can not be made. In addition
to the recommended research on the relation between urban
landscapes and wind parks, the minimizing effect should be
investigated more thoroughly.
In this report three composition types are described. Open
spaces and deﬁned spaces can be distinguished by the distance between the turbines and the ﬁrst landscape element.
However, it is not yet clear at what exact distance a certain
composition is formed. To sharpen the Landscape Based
Strategy at this point, more research is needed, especially
for large turbines.
One of the conclusions is that placing too many turbines behind each other will cause interference within the wind park.
However, it is not clear when this effect exactly occurs and
under which conditions.
The outcome of additional research is needed to ﬁnd out the
maximum number of turbines within a wind park which is still
aesthetic.
The so called ‘group effect’ within a wind park is related to
the former recommendation, since the group effect only occurs when there is a relation between the turbines within the
wind park. More research about the group effect needs to be
done, especially about the number of turbines that causes
this effect.
Wind parks can interfere with each other when the distance
between them is too small. The minimum distance needed to
prevent this could not be determined from the ﬁeldwork.
Therefore a minimum distance of 8 kilometers, deﬁned by
Royal Haskoning is used for this Landscape Based Strategy.
It would be useful to determine this distance more precise
and how this distance is inﬂuenced by the height of the turbines.
A wind park will only be seen as a wind park when there is a
clear relation between the turbines. In a regular grid this relation is formed by a strong layout. However, in a random
cluster the relation between the turbines mainly depends on
the distance between them, since it lacks a strong layout. It
is useful to know what can be the maximum distance between turbines, to prevent that they are seen as solitaires.

More research is needed on the visibility of large wind turbines. Because of the differences in routes, landscapes and
turbine heights, the study areas of the investigated wind
parks could not be easily compared on this topic. Therefore
crude conclusions could only be made by comparing different
hub heights in open and more enclosed landscapes. However,
the exact distance from where a large turbine is visible is not
yet known. This information would be very valuable for the
Landscape Based Strategy, especially for open landscape.
To ﬁnish, this research is done by three landscape architecture students. Even though the data are analysed as objective as possible, some information might be coloured. Especially the data on perception are personal interpretations.
Effects about minimizing distances and heights are still very
vague. Questions like “what causes a building to be perceived
smaller when a turbine is located in the neighbourhood?” are
still partly unanswered. Also aspects about interference are
coloured by personal interpretations. There might even be
cultural differences between the three countries.
With the Landscape Based Strategy peoples experience is
taken into account. By limiting the risk of interference a more
aesthetic wind park will be generated.
A focus on the human experience and perception of wind
parks is highly recommended. Aspects about aesthetics, interference and perception should be investigated by taking
interviews. A broad spectrum of viewers should be questioned about these topics. Not only people who live in the
neighbourhood of a wind park should be questioned. Tourists
and people on the road should be part of additional research
as well. In this way the Landscape Based Strategy can be
sharpened and developed and even be more valuable in the
future.
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A

ppendix 1: Checklist & Hypotheses
Checklist
1.
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

Tools
Amount of turbines
Power per turbine (MW)
Layout
Distances between turbines (m)
Hub height (m)
Rotor diameter (m)
Proportion between tower/rotor diameter (m/m)
Colour
Gaps
Amount of lines

2.
2.1

Landscape
Describe the landscape or different landscapes in
which the wind park is located precisely.
Size of mass elements (according to the matrix)
Size of space in between (according to the matrix)
Degree of enclosure
Type of landscape (according to the matrix)
What is the visibility in the surrounding landscape (in
percentage)
Are there places where the wind park can be completely seen (total views)
Are there remarkable vista’s
Where can most viewers be found and what is the
visibility of the wind park to them (roads and settlements)?
How does the distance between the viewers and the
wind park inﬂuence the perception of the wind park
in the landscape?

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

2.10

3.
3.1a
3.1b
3.1 c
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Composition
Which vertical landscape elements form, together
with the wind park, a composition?
Describe precisely what the role of these elements is
in the composition.
How does the distance between the vertical land
scape elements and the wind park inﬂuence the
perception of heights of and distances between the
wind turbines?

3.2a
3.2b
3.3a
3.3b
3.4a
3.4b
3.5
3.6

4.
4.2
4.3

4.4
4.5
4.6
4.7
4.8
4.9

Is there any interference between the wind park and
other landscape elements?
Is there any interference between the rotor blades
and other landscape elements?
Is the lay out of the turbines related to two-dimen
sional patterns in the ground plane?
If yes is this relation visible?
Is the lay out of the turbines related to structures
with a higher hierarchy in the landscape?
If yes is this relation visible?
Which parts of the turbines are visible (percentage)?
Do irregularities or gaps inﬂuence the composition?
If yes, how does it inﬂuence the composition?

Perception
Is the lay out recognizable?
Are irregularities or gaps visible in the landscape?
If yes, do they inﬂuence the recognizability of the lay
out?
Does the landscape inﬂuence perception of heights
of the turbines?
Does the landscape inﬂuence perception of distances
between the turbines?
Does the wind park inﬂuence perception of vertical
landscape elements?
Does the wind park inﬂuence perception of distances
in the landscape?
Does the image of the landscape change because of
the wind park?
Is the wind park an orientation mark?

Hypotheses
1
1.1
1.2
1.3

Colour
When the lowest part of the turbine is coloured
green, the turbine is less explicit into the landscape
Contrasting colours attract attention to the turbine
Contrasting colours make wind turbines more visible
on larger distances

5.5
5.6
5.7
5.8
5.9

2.
2.1a
2.1b
2.2

2.3
2.4

3.
3.1
3.2
3.3

Perception of heights
When the lowest part of the tower is hidden, the
distance to the turbine is difﬁcult to estimate
When the lowest part of the tower is hidden, the
height of the turbine is difﬁcult to estimate
The position of the viewer in comparison with other
landscape elements can inﬂuence the perception of
heights
A single turbine is perceived larger then a wind park
When the distance between viewer and wind park
becomes smaller, the turbines are perceived higher

Perception of Distances
The wind park gives landscape a size which makes
the estimation of distances easier
A raster minimizes the landscape
A line doesn’t minimize the landscape

4.
4.1

Proportion Blade / Tower
The proportion between rotor diameter and tower
inﬂuences the perception of height

5.
5.1

Readability
When a raster exist of more than three lines, the
amount of lines is difﬁcult to estimate
The layout is recognizable nearby, from larger
distances the layout is unclear
When a raster has the same direction as the viewer,
its lay out is more readable
Within rasters gaps don’t strike, while gaps in lines
are clearly visible

5.2
5.3
5.4

6.
6.1
6.2
6.3

7.
7.1
7.2
7.3

A line gives direction to the landscape, even when it
is not laid out in the same direction as the landscape
Lines which are orientated into another direction
confuse the viewer
Gaps or irregularities in a wind park are annoying
The lay out is better readable when it is related to
patterns in the ground plane
The lay out is better readable when it is linked to
structures with a higher theory.

Dominance
The amount of wind turbines in a wind park is per ceived larger within a line then a raster or cluster
When the distance between viewer and wind park
becomes smaller the wind park is more dominant
More wind turbines on the horizon are more dominant into the landscape

Composition
The view on a wind turbine is more peaceful when
the rotor is completely visible
The larger the distance between wind park and other
landscape elements, the less interference
The larger the distance between wind park and other
landscape elements, the less a landscape will be
minimized
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A

ppendix 2: Answers checklist

Almere

Dronten

Franeker

Goes

Urk

Zeewolde

Apensen

Bippen

1.1 Amount

10

27

12

10

50

15

21

12

1.2 Power per turbine (MW)

1.65

0.75, 1

0.5

0.9

0.3

1

1.65

2.3

1.3 Layout

T Raster

Line

T Raster

R Raster

Line

Double line

Random

Random

1.4 Distance between turbines (m)

350-400

x

300

250

x

Various

Various

Various

1.5 Hubheight (m)

67

67, 68, 70

40

70

35

38, 60, 70

70

100

1.6 Rotor diameter (m)

66

66, 80, 48

37

52

25

60, 60, 52

66

82

1.7 Proportion T-R (m)

0.99

Various

0.93

0.74

0.71

Various

0.94

0.82

1.8 Colour

Red tower White

Red, white White

White

White

White

Red tips

1.9 Gaps

Yes

No

No

No

No

Yes

Yes

No

1.10 Amount of lines

3x3

1

3x4

3x3

1

2

x

x

3.2a Interference with landscape elements?

No

No

No

Yes

No

Yes

No

No

3.2b Interference rotor blades with planting?

No

No

No

No

No

Yes

No

No

3.3a Is the layout related to patterns in
the ground plane?

Yes

Yes

No

No

No

Yes

No

No

3.3b Is the relation visible?

Yes

Unclear

x

x

x

No

x

x

3.4a Is the layout related to structures of
a higher hierarchy?

Yes

No

No

Yes

Yes

No

No

No

3.4b Is the relation visible?

Yes

x

x

Yes

Yes

x

x

x

3.5

No

x

No

x

x

Yes

No

x

4.2 Is the layout regognizable?

Yes

Yes

Weak

No

Yes

No

No

No

4.3 Do hiatus inﬂuence the recognizability
of the layout?

No

x

x

No

x

Yes

No

x

4.4 Does the landscape inﬂuence perception of heights of the turbines?

No

No

No

Unclear

No

Yes

Yes

Yes

4.5 Does the landscape inﬂuence perception of distances between the turbines?

No

No

No

No

No

Yes

No

Unclear

4.6 Does the wind park inﬂuence perception of vertical landscape elements?

No

No

No

No

No

No

No

No

4.7 Does the wind park inﬂuence perception of distances in the landscape?

Yes

No

No

Yes

No

Yes

No

No

4.8 Does the image of the landscape
change because of the wind park

Yes

Yes

No

Yes

No

Yes

No

No

4.9 Is the wind park an orientation mark?

Yes

No

Yes

No

Yes

No

No

No

Tools

Composition

Do gaps inﬂuence the composition?

Perception
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Dahlen-

Emden

Esens

Midlum

Aalborg S Aalborg N Brovst

burg

Fjerrit-

Hojer

Mariager

Rougso

Ulfborg

slev

18

65

35

70

15

15

24

35

44

20

11

15

2

1.5

0.5

0.5

0.75

0.75

0.75

0.6

0.6

2

1.5

0.6

Random

Raster

Random Random

R Raster

T Raster

T Raster

T Raster

R Raster

T Raster

Curve

T Raster

Various

300-400

Various

Various

200-250

250

200

170-250

200

450

250

250

100

67

50

35

45

45

45

45

45

68

60

50

80

66

43

40

48

48

48

44

42

72

64

44

0.8

0.99

0.86

1.14

1.07

1.07

1.07

0.98

0.93

1.06

1.07

0.88

Red tips

White

White

Green feet

White

White

White

White

White

White

White

White

Yes

Unclear

Yes

Unclear

No

No

No

No

Yes

Yes

No

No

x

16x4

x

x

3x5

3x5

4x6

3 x 10

4x9

4x5

1

3x4

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No

No

No

No

No

Yes

No

Yes

No

No

Yes

No

No

Yes

No

No

No

No

No

Yes

Yes

Yes

No

Yes

No

Yes

Yes

Yes

x

x

x

No

No

No

x

No

x

No

No

x

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

x

Yes

x

Yes

Yes

Yes

Yes

Yes

Unclear

x

No

x

x

No

No

No

x

x

x

x

No

No

x

No

No

No

No

No

Yes

No

No

Yes

Yes

No

Unclear

Yes

No

Yes

No

No

x

x

x

No

No

No

x

No

Yes

Yes

No

Yes

No

No

No

Yes

Yes

Yes

No

No

Yes

Yes

No

Yes

No

No

No

No

No

Yes

No

No

Yes

Unclear

No

No

No

No

No

No

No

No

Uncear

No

No

Yes

No

Unclear

Yes

No

No

Yes

No

Unclear

Unclear

No

Yes

Yes

No

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

Yes

Yes

No

No

No

Unclear

No
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A

ppendix 3: Answers hypotheses
Almere

Dronten

Franeker

Goes

Urk

Zeewolde

1.1 When the lowest part of the turbine is coloured green, the turbine is less explicit

x

x

x

x

x

x

1.2 Contrasting colours attract attention to the turbine

Yes

x

Yes

x

x

x

1.3 Contrasting colours make windturbines more visible on larger distances

Unclear

x

Unclear

x

x

x

2.1a When the lowest part of the tower is hidden, the distance to the turbine is difﬁcult to
estimate

Yes

Yes

x

Yes

Yes

Yes

2.1b When the lowest part of the tower is hidden, the height of the turbine is difﬁcult to
estimate

Yes

Yes

x

Yes

x

No

2.2 The position of the viewer in comparison with other landscape elements can inﬂuence
the perception of heights

No

Yes

Yes

Yes

No

Yes

2.3 A single turbine is perceived larger then a windpark

Yes

Yes

Yes

Yes

No

Yes

2.4 When the distance between viewer and windpark becomes smaller, the turbines are
perceived higher

No

No

Yes

No

No

No

Yes

x

No

Yes

Yes

Unclear

Colour

Perception of heights

Perception of distances
3.1 The wind park gives a size which makes the estimation of distances easier
3.2 A raster minimizes the landscape

Yes

x

No

No

x

x

3.3 A line doesn’t minimize the landscape

x

Yes

x

x

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Proportion tower-rotor diameter
4.1 The proportion between rotordiameter and tower inﬂeunces the perception of height
Readability
5.1 When a raster exist of more than three lines, the amount of lines is difﬁcult to estimate

Unclear

x

Yes

x

x

x

5.2 The lay out is recognizable nearby, from larger distances the lay out is unclear

Yes

No

Yes

Yes

x

x

5.3 When a raster has the same direction as the viewer, its lay out is more readable

Yes

x

Yes

Yes

x

x

5.4 Within rasters hiatus don’t strike, while hiatus in lines are clearly visble

Unclear

x

x

x

x

Yes

5.5 A line gives direction to the landscape, even when it is not layed out in the same
direction as the landscape

x

Yes

x

x

x

Yes

5.6 Lines which are orientated into another direction confuse the viewer

x

x

x

x

No

No

5.7 Gaps or irregularities in a windpark are annoying

No

x

x

No

x

Yes

5.8 The lay out is better readible when it is related to patterns in the groundplane

Yes

Yes

x

Unclear

x

Yes

5.9 The lay out is better readible when it is linked to structures with a higher hierarchy

Yes

x

x

x

No

x

6.1 The amount of windturbines in a windpark is perceived larger within a line then a raster
or cluster

Yes

x

Yes

Yes

Yes

Unclear
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