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ABSTRACT
ESTEBAN, M.D., DIEZ, J.J., LÓPEZ, J.S. and NEGRO, V., 2009. Integral Management applied to Offshore Wind
Farms. Journal of Coastal Research, SI 56 (Proceedings of the 10th International Coastal Symposium), 1204 –
1208. Lisbon, Portugal, ISSN 0749-0258.
Although the first offshore wind farm experience took place in 1990, the facilities built up to now have mainly
been isolated experiences. Offshore wind energy is currently becoming a reality due to the support received from
countries such as Germany, the United Kingdom, France and Spain. As a result, offshore wind farms are beginning
to form part of marine and coastal landscapes, and they are located in dynamic surroundings open to possible
changes. An integral management model therefore needs to be applied enabling not only technical and financial
feasibility of the offshore wind farm project to be achieved, but also respect for the environment. This integral
management undertaking fundamentally calls for all elements in the system to be considered. This paper gives the
results of the first investigation phase for drawing up the Doctoral Thesis entitled “Proposal for a Methodology
leading to the Setting Up of Offshore Wind Farms”. Therefore, the different factors to be taken into account when
applying the integral management model which will be developed in the second phase of that investigation will be
expounded here. To do so, the different factors have been classed into extrinsic and intrinsic to the facility and into
those which are not either actually extrinsic or intrinsic, which have been called compound. Likewise, this paper
will also expound the way in which each of these factors influence the design of an offshore wind facility.
ADDITIONAL INDEX WORDS: Offshore Wind Farms Design, Impacts and Factors

INTRODUCTION
Since olden times, the wind has been used as a source of energy
in many economic activities: sailing, irrigation, milling, etc.
(FERNANDEZ, 1993). Although at the end of the 19th century a
machine was designed that may be considered the precursor of the
present day wind turbine, wind energy did not commence coming
to life until the 1973 oil crisis (ESPEJO, 2004). In 1997, the Kyoto
Protocol was agreed to, whereby industrialised countries
undertook to take a series of measures earmarked to reduce
greenhouse effect gases (UNITED NATIONS, 1998). This gave a
great impulse to wind energy which, within the renewables, is that
which has grown most.
Wind energy has been developed mostly on land whilst only a
few MW have been set up in the sea inside the economic control
limit of countries – in 2008, 1,500 offshore wind MW were
exceeded–. This has been basically due to offshore wind farms
having higher construction, operation and maintenance costs and
calling for more complex technology than the onshore type
(DONG-SHENG, 2008).
Since the heavy increase in world energy demand over the last
few years is creating difficulties in fulfilling the Kyoto aims (DE
JONG and WEEDA, 2008), new targets have been set in relation to
renewable energies, leading to a need to increase the total number
of wind derived MW installed. To achieve this, several main
actions must be simultaneously undertaken: to set an adequate
legislative framework in areas where it does not yet exist to favour
investment, to improve electric power transport mains
infrastructures so that its evacuation capacity is increased, to

improve wind turbine technology to make better use of wind
resources such that areas not currently profitable will be in the
future, to make greater investment in R+D+i, to repower existing
wind farms and to drive for the setting up of offshore wind farms.
The investigation work whose results are given in this paper is
centred on the last of the actions mentioned in the foregoing
paragraph.
The first wind turbine in the sea was set up in Sweden in 1990.
This facility is formed by a single 220 kW wind turbine, located
350 metres from the coast, and supported on a tripod structure
anchored to the sea bed about 6 metres deep (AVIA, 2008).
Between 1991 and 1998, experimental, low rating projects were
carried out in which different models of wind turbines and
different types of foundations were tested. Wind turbines of 450 to
600 kW unit rating were used for these projects, and distances of
up to 4 kms from the coast and depths of up to 6 m were reached.
Although certain doubts were initially raised, these facilities
showed good profitability and reliability indices.
In a second experimental phase, multimegawatt wind turbines
were brought in and the Utgrunden project was the first with these
characteristics, built in Sweden in 2000. Several of these facilities
marked the commencement of the first commercial wind farms:
Blyth, Middelgrunden (Figure l) and Yttre Stengrund. Later, the
Horns Rev and Nysted facilities, both on Danish coasts, were the
confirmation of this type of facility’s adaptation to the marine
environment.
As from then, facilities of this type have continued being built.
Some countries, like Germany and the United Kingdom, have
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Natural extrinsic factors

Figure 1. Middelgrunden offshore wind farm (Denmark).
passed specific legislation to make investment in this technology
more attractive. Other countries, such as France and Spain, have
also done so, although they are fairly well behind the others in its
implementation.
As a result, offshore wind farms are beginning to form part of
the sea and coastal landscape, and they are located in dynamic,
changing surroundings. An integral management model therefore
needs to be applied enabling not only the technical and financial
feasibility of the offshore wind farm project to be achieved, but
also respect for the environment. This integral management
undertaking fundamentally calls for all elements in the system to
be considered.
This paper gives the results of the first phase of the
investigation for the Doctoral Thesis entitled “Proposal for a
Methodology for Setting up Offshore Wind Farms”. The different
factors to be taken into consideration for applying the integral
management model and their influence on the facility’s design are
then identified. This is all based on two areas of knowledge: wind
and sea. The investigation was continued as from the results
shown in this paper. In a very advanced stage of development, this
second phase consists in drawing up an offshore wind farm design
methodology.

DISCUSSION
The following classification has been adopted for presenting the
different factors with a possible influence on an offshore wind
farm project in an ordered fashion: factors extrinsic – natural and
socioeconomic– and intrinsic to the facility, and those that are not
either actually extrinsic or intrinsic, which have been called
compound.

These factors are: the physical-chemical properties of the
contact area between the atmosphere and the ocean, the dynamic
properties resulting in the atmosphere and in the ocean as a
consequence of the Earth’s behaviour as a heat machine, the
territory, terrain, planetary dynamics, biokenosis, external
geodynamics and internal geodynamics.
A consequence of the Earth working as a heat machine, the
wind resource is key for a facility of this type. Apart from
knowing the wind’s intensity and direction described by its mean
and extreme regimen, it is important to know the density of the air
since it will influence the use made of wind energy. As the wind
profile varies with height, these data must be known at the height
of the hub which, according to data on current offshore wind
turbines, is about 80 – 120 m above sea level. Figure 2 shows
mean wind speeds in the European maritime areas at different
heights above sea level. The north of Europe, where most offshore
wind farms built up to now are located, is seen to have higher
wind speeds than the south of the continent.
Territory and facility are to be considered as a whole, and,
therefore, have to bear a certain amount of harmony. The presence
of a wind farm will alter various aspects of the territory and
therefore, its capacity to adapt to such presence must be
determined. The configuration of land planning of the area of
influence of the facility has undergone throughout the centuries
must also be taken into consideration.
An analysis of the general characteristics of the site will enable
the offshore wind farm’s viability to be ascertained. This refers to
make a critical analysis of the geographical location, its area, its
distance to the coast, the topography and bathymetry.
Based on technical and financial criteria, there is currently a
limit depth for offshore wind farm construction of about 40 – 50
metres. This depth will increase as technology in the field of
foundations evolves. When designing, it must not be forgotten that
to the bathymetric level must be added the maximum probabilistic
sea level setup. This variation in level includes the meteorological
tide, confluence of the set-up by the accumulation of water in the
vicinity of the coast and of the storm-surge due to pressure effects
on the water’s surface and the astronomical tide that may reach
high figures because of the effect of coastlines.
The environmental component influences the viability of an
offshore wind farm through its possible impact on the surrounding
ecosystems (ELLIOTT, 2002). It is therefore fundamental to
characterise the area’s biokenosis in order to respect certain
settlement, reproduction and breeding areas (EXO et al, 2004) and
the migration routes of certain species (NIELSEN, 2007).
Environmental variables may also influence the construction
phase since possible stops have to be taken into account in the
construction phase. Also, these variables may influence in the
operation phase since the development of biokenosis in the farm’s
components (DET NORSKE VERITAS, 2007) accelerates corrosion of
the different structural elements.
As far as littoral dynamics are concerned, various studies have
been undertaken for specific implementations. Some of them have
analysed the alterations that the overall wind farm may induce in
wave regimes and currents (Figure 3), which has to be taken into
consideration with a view to possible impact on adjacent coasts.
Most of the above mentioned factors, terrain, wind, wave
action, currents, earthquakes, seaquakes, biokenosis and sea level
are aspects to be considered in the conceptual and detail design of
the structures and in the design of the electric lines.
Natural extrinsic factors also influence the facility’s
construction and operating phases. The characteristics of the
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In order to achieve specific energy production targets on the
basis of renewable resources that countries have been adopting,
companies have to be encouraged to invest in those facilities. This
is achieved by creating an attractive market that needs to be stable
and offer a certain amount of confidence in investments made
(GARRAD HASSAN, 2004). A favourable legislative and financial
framework which will influence not only the decision to invest but
the project’s financial profitability and its construction terms is
what is required.
Multiple are the human activities that may influence the design
of an offshore wind farm. These are basically to do with sailing
(BUNDESAMT FÜR SEESCHIFFAHRT UND HYDROGRAPHIE, 2007),
military, fishing and nautical leisure activities, oil and gas
operations, electric power generation, transport and distribution,
communications, flying, urban settlements (Figure 4) and their
communication routes, sand borrow pits and shipwrecks amongst
which those forming part of cultural heritage stand out. Whilst
some of these activities are incompatible with offshore wind
facilities, others simply impose certain conditioning factors that
can be more or less overcome in their design.

Figure 2. Over sea wind resources in Europe for five standard
heights (TROEN and PETERSEN, 1989)
terrain, wind, wave action and currents will be determining factors
in relation to these facilities’ construction techniques and terms.
Extrinsic socioeconomic factors
These factors are the legislative and financial framework, as
well as the uses and infrastructures of the different human
activities in the surroundings.

Intrinsic factors
Wind turbines, transformer substations, electric evacuation
lines, met masts and structure foundations are the fundamental
aspects inherent to an offshore wind facility for forming part
thereof.
Knowing the characteristics of the wind turbine model to be
used is fundamental. Unit power, hub height, diameter of the rotor,
area swept thereby and its speed of rotation, blade length, its
power curve, the class for which it is suitable, the complete
structure scheme to establish the calculation loads and its
electrical characteristics are worthy of mention amongst them.
The plan distribution of wind turbine has to be such that
maximum advantage is taken of the wind resource in the area.
Some of the criteria in this respect are related to the orientation of
rows and columns as a function of prevailing, predominant winds
and with the shelter distance between nearby wind turbines. The
distance to be kept between wind turbines in the same row (wind

Figure 3. Alteration of the wave regime due to the presence of the Burbo offshore wind farm (SEASCAPE ENERGY LTD, 2002).
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Figure 4. Offshore wind farm set up 8 km from the coast to ascertain its visual impact (LADENBURG, 2007).
turbine alignments whose orientation must be as perpendicular as
possible to the predominant wind direction) is different to that to
be kept between wind turbines in different rows, which has to be
longer. This latter is directed towards reducing losses occurring
through the wind regime altering due to the presence of wind
turbines. The consequences of greater distances between wind
turbines are fewer losses and less fatigue forces, but also less
advantage being taken of the space and higher costs per MW
installed, such that a balance between all these factors must be
sought. The number of wind turbines, on which the facility’s total
rating depends, will be fundamentally determined by the area
available, bearing in mind the different restrictions there may be,
and by the aforementioned aspects.
A wind farm’s electric connection refers to its link up with the
existing electricity mains and basically consists in a suitable
combination of electric lines and transformer substations. The
evacuation capacity of the existing electric infrastructure to which
the offshore wind facility is connected is an indispensable
condition for it to have any sense (NIELSEN, 2007), and is
currently one of the greatest restrictions generally faced by any
electricity generating facility. The two most used schemes for
electric connection refer to using or doing away with an offshore
substation. Should an offshore substation be used it is possible to
use alternating and direct current. Choosing the most suitable
scheme essentially depends on the facility’s overall rating and on
the distance to the point of evacuation (Figure 5) since energy
losses associated with its transportation are directly proportional to
both parameters.
Although in general, setting up at least one met mast is
recommended in order to find the area’s wind characterisation by
in situ measurement, setting up none is also possible. This is a
decision to be taken as a function of the economic variables of the
project’s lifetime.
Figure 6 shows a scheme with different types of foundations
according to their range of use in relation to depth. Numerous
research projects are being undertaken to overcome the 40-50
metre technical-financial barrier, the purpose of which is to
develop a floating structure suited to this type of facility.
Choosing the type of foundation will depend on the ground’s
properties, on the forces to be withstood, on the distance to the
coast (ASHURI and ZAAIHER, 2007), and the cost and availability
of the construction materials and equipment, apart from the depth
to which it is intended to build.

Compound factors
Compound factors are defined here as those that are not actually
intrinsic or extrinsic to the facility and the project’s financial
profitability and logistics.
An analysis of the project’s financial profitability using
indicators such as the current net value, the internal rate of return,
the cost-benefit coefficient and recovery period enable an offshore
wind farm’s financial viability to be determined and even its
profitability to be compared with that of other similar facilities. In
addition, the facility’s profitability will be affected by the logistics
associated to it. Firstly, correct planning of the construction works
will reduce the final investment. The weather windows associated
to the area’s climate and the means of transport and erection to be
used will have to be taken into account and the risks associated
with the various interfaces between contractors resulting from the
multicontract construction mode will have to be suitably managed.
Secondly, the right strategy in connection with maintenance works
will imply higher electric power production and, therefore, higher
profits from energy selling.
Logistics will also influence the offshore wind farm’s design,
since the means of transport and erection available and the base
ports for the work to be carried out need to be taken into account.
They will also influence the construction phase since the right

Figure 5. Basic criteria for choosing the offshore wind farm’s
electric connection scheme (STENDIUS, 2007)
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strategy in relation to logistics is fundamental to fulfil the
landmarks set in the work plan.

integral management consists of the coordination among all the
bodies responsible for offshore wind farm development and of the
relationship among all the factors before mentioned.
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Figure 6. Basic diagram for choosing the types of foundation
based on the depth of the sea bed
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