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Abstract. This work presents a case study of floating offshore
parks in the Mediterranean Sea. There are several constraints that
determinate the location of the park: the availability of a
sufficient wind resource, environmental laws, sea routes, the
seabed depth (what will condition the whole project), the
proximity of the necessary infrastructures and a social constraint.
The Mediterranean seabed depth conditions the structure of the
wind farm, which consists of the selection of the most adequate
platform, the configuration of the mooring lines of those
platforms, the type of wind turbine to install and their layout. The
calculation of the power production is based on SIMAR data set,
supplied by Puertos del Estado. A study of the wake effect
produced by wind turbines based on the Jensen’s model has also
been carried out. The power extraction system consists of three
parts: a 33 kV line for the inter-array cables, an offshore
substation located in the middle of the wind farm and a 220 kV
line for the connection to shore.

The conclusions obtained from this study are clear: this kind of
projects are available in our country, and they are quite profitable
if they are structured properly, though its profitability is lower
than in other countries. In any case, there is still quite uncertainty
concerning to that, a fact mainly motivated by the lack of a
specific legislation in Spain.
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1. Introduction

Parallel to the development of onshore wind, offshore
wind has also been developed in giant steps, although its
origins are closer than those of land-based wind turbines
(the first offshore wind farm dates back to 1991, in
Denmark). This development in wind farms was motivated
by various causes, such as the higher speed and frequency
of offshore wind, the lower surface roughness, the lower
air turbulence or the fact that the best land-based wind
sites are already being exploited. And if the trend of
onshore parks is to install increasingly powerful wind
turbines, in offshore parks this trend is even more
accentuated. To quantify this trend, the first of these parks
had wind turbines of 450 kW unit power, while currently
there are 8 MW turbines in operation. In addition, there are
currently developed 10 MW turbines ready for
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commercialization, and projects in machine development
that already exceed 10 MW of rated power.

Therefore, at the end of 2016 and according to
WindEurope data [1], offshore wind power installed in
Europe was 12,631 MW, a figure that is the result of
large investments in this technology by countries such as
Germany or the United Kingdom (among both have more
than 70% of European offshore wind power). In addition,
according to the forecasts of this same association, the
trend in this year is to install twice as much power as the
previous year, so this figure will continue to increase at a
very fast pace.

In the Spanish case, the great depth of the seabed in
waters near the coast is prevented for the moment the
installation of this type of wind farms. Since the offshore
wind farms installed to date had wind turbines anchored
to the seabed, it is easy to understand the reason for the
absence of this type of wind farm in our country.

The present work will focus on studying the possibilities
of offshore wind generation in the waters of the
Mediterranean Sea.

2. Floating offshore park location

On the Mediterranean coast, the Alboran Sea is chosen,
because it is the Spanish Mediterranean area with the
largest wind resource.
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Fig. 1. Average wind speed in the Alboran Sea at 80 m height
(Source: [2])
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In the first place, we must bear in mind that the Alboran
Sea has a great biodiversity that must be respected. A very
visual way of showing these restrictions is through the
"Marine environmental zoning map for wind farms"
prepared by the IDAE [3].

Fig. 2. Marine environmental zoning for wind farms in Spain
(Source: [3])

The Mediterranean Sea is crossed by a multitude of
maritime routes that cannot be interrupted by projects such
as wind farms, so these routes will suppose exclusion
zones for the location of the park, Fig. 3.
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Fig. 3. Maritime Routes of the Alboran Sea (Source: i4])

The area 30 in Fig. 3 is the area with the highest speed of
wind that meets the previous restrictions. Within the
chosen area, the park will be located as close as possible to
the point of connection on the coast; this is the upper left
corner. Therefore, the park is finally located inside a
rectangular surface of 17.32 km?”, whose four corners have
the following coordinates: 4° 35.1' W - 36 ° 15' N; 4° 32.2'
W-36°15N;4°35.1'W -36°12.84'N; and 4° 32.2' W
-36°12.84'N.
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3. Floating offshore structure

There are three types of floating structures, which are
exposed below, differentiated according to how they
achieve the stability of the structure:

A. Platforms stabilized by ballast (1)

Also called SPAR. They consist of a very elongated buoy
with a ballast in its lower part and anchored to the sea
bottom, usually by catenary lines (although they can also
be anchored by tensioned lines), so that it achieves
stability by lowering the centre of gravity of the structure.
In addition, due to its elongated shape, the movement of
the tides hardly affects the structure. On the other hand,
due to the great weight of its ballast, it manages to
minimize the movement of the structure due to the action
of wind and waves. However, it is more sensitive to
marine currents.

B. Platforms stabilized by mooring lines (2)

Also called TLP (Tension Leg Platform). They consist of
platforms anchored to the seabed by tensioned mooring
lines that provides stability to the structure. The great
problem that this type of structures presents are the
variations of tension that are generated in the moorings
by the action of the tides. In addition, the installation of
this type of structures is also quite complex.

C. Platforms stabilized by floatability (3)

Also called Barge (Barge). They consist of platforms
anchored to the seabed by catenary lines whose stability
is based on the inertia of buoyancy (as in the case of
barges). A great advantage of this type of structure is that
it allows the assembly of the wind turbine in port. In the
same way, it is possible to tow a wind turbine already
installed from the park to the port to carry out
maintenance works. This supposes a substantial decrease
in complexity and the costs of these procedures.

Floating Wind Turbine Concepts
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Ballast Stabilized “Spar-Buoy”
with Catenary Mooring Drag
Embedded Anchors

Mooring Line Stabilized
Tension Leg Platform
with Suction Pile Anchors

Buoyancy Stabilized
“Barge” with Catenary
Mooring Lines

Fig. 5. Types of floating platforms for marine wind turbines
(Source: [5])
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In the case of semi-submersible platforms, the main task of
the moorings is to maintain the position of the platform
and prevent it from drifting, although they also contribute
to the stability of the structure due to its own weight. The
typical configuration of the anchoring lines for semi-
submersible platforms is catenary lines, type 3, so that a
large part of them is supported on the seabed horizontally,
as can be seen in Fig. 6.

The standard configuration is 3 lines of funding for each
wind turbine, but due to the great depth of the site and the
configuration of the chosen mooring lines, too many
kilometers of chain would be needed, which would greatly
increase the costs of the project. Therefore, a new
configuration [6] consisting of the formation of groups of
3 platforms arranged forming a triangle will be used,
which are linked together by chains and share the 3 lines
of anchoring. In this way, a savings of 10% is achieved in
the CAPEX of the project.

Deep [m]

) = - Y displacement [m]
X displacement [m]

Fig. 6. Catenary lines (z axis: 50 m grid, x and y axis: 500 m
grid)

4. Wing generator and park layout

The Gamesa model G132-5.0 MW wind turbine is chosen,
as it is a wind turbine that is more suitable for the local

wind conditions. In addition, it is a model already tested
with satisfactory results [7].
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The layout of the park can see in Fig. 7, with a separation
of 1000 meters between wind turbines of the same row
and 866 meters between adjacent rows. The substation
will be placed on the floating platform at the centre of the
park, in order to reduce the costs and losses of the MV
wiring of the park interconnections.

5. Wind power production

For the calculation of wind turbine production, the
SIMAR wind data series provided by Puertos del Estado
[2] is available, and data between 2007 and 2016 will be
used. The SIMAR point closest to the location of the park
is 2030074, whose coordinates are 4° 30' W — 36° 10.2'
N.

First, a vertical extrapolation, Fig 8, of the wind speed is
carried out, because the received data corresponded to a
height of 10 m above the sea surface and the wind turbine
has a bushing height of 140 m., afterwards the probability
distribution of the wind was obtained, Fig. 9.
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Fig. 8. Vertical profile of the wind at the site
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Fig. 9. Distribution of probability at the site

All the wind turbines modify the flow of wind that
crosses them when extracting the energy that it contains,
producing behind it a turbulence called the wake effect.
In marine sites, environmental turbulence is much lower
than in terrestrial sites; consequently, the wake effect is
much more noticeable in the farm. This translates into
obvious losses that will have to be taken into account
when calculating production. For this, the model of
Jensen [8, 9] will be applied, which calculates the wind
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speed within a wake at a distance x of the wind turbine that
causes this disturbance.

Table I. - Annual production by rows and losses by wake effect

Annual production (MWh) Losses by wakes

Row No wakes Wakes MWh %o
1 98.045,64 98.045,64 0,00 0,00%
2 78.436,51 78.436,51 0,00 0,00%
3 98.045,64 83.337,62 14.708,03 15,00%
4 78.436,51 66.670,09 11.766,42 15,00%
5 98.045,64 80.311,72 17.733,93 18,09%
6 78.436,51 64.249,37 14.187,14 18,09%
Total | 529.446,47 471.050,95 58.395,52 11,03%

The retribution considered for the generated energy will be
an average of the compensation that currently has different
offshore wind projects in different countries Europeans
[10], obtaining a retribution of 139.85 €/MWh.

Thanks to these results, the project's NPV and IRR, or the
RCSDmean and the profitability of the shareholders can
also be obtained in Table II.

Table II. - Project financial ratios

RCSDmean 1.41
VANproyecto (€) 195.524.806,94
TIRproyecto 8.29%
TIRaccionistas 22.59%

4. Conclusion

Analyzing the information gathered during the realization
of this work, the first impression that can be obtained is
that the introduction of offshore wind in Spain will not be
as "easy" as in other countries such as the United
Kingdom, Germany or Denmark. This is due to a wind
resource that is noticeably lower than in these regions and
to a slope of the seabed that immediately makes it very
deep. In addition, the fact of not having specific legislation
in Spain regulating the remuneration of energy from this
source covers this situation with a blanket of uncertainty.
However, this work has shown that this type of project is
viable off our coasts, both in technical terms and in
financial terms, if we study each of the aspects related to
sufficient depth.
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