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A B S T R A C T

The work investigates the potential of the Mediterranean offshore for wave electricity production, providing
basin-scale results useful for future smaller-scale studies on specific areas of interest. At this purpose, the per-
formance of a selection of offshore wave energy converters (WECs) is assessed all along the Mediterranean
coastline (at 10 km resolution), on the basis of a 37-year hindcasted wave data and public WEC performance data.
As the analyzed technologies were designed for more energetic wave climates, smaller devices have been
considered, downscaled according to the Froude similarity criterion, in order to match Mediterranean wave
conditions. At each location, the best device size is determined by simulating different scaled versions of the WECs
and then selecting the scaling factor, which maximizes the mean annual capacity factor.

The results show that large part of the Mediterranean coastline can be successfully exploited by properly
downscaled versions of the WECs. More specifically, six of the studied wave power technologies can reach a
capacity factor higher than 0.2 along 40% of the coastline and three WECs (AquaBuOY, Pelamis and Wavebob)
can operate with a capacity factor exceeding 0.3 at 8% of the studied locations. The coastal regions with the
highest WEC performance are of the Gulf of Lion, the Sicily channel, the Alboran Sea, the Libyan coast, Crete and
Cyprus. The optimal size of the WECs at these locations is between 1/4 and 1/3 of the full WEC size and the
resulting rated powers are between 10 and 30 kW. Noteworthy, a quite low performance is found for the most
energetic areas of the Mediterranean (for example in western Sardinia), because a large part of the available
energy is provided by extreme and rare events, for which the WEC efficiency is very low.

1. Introduction

In the last decades, growing energy demand, increasing evidence of
climate change and supply security concerns have urged governments to
foster the development of the renewable energy sector. In this context,
electricity production from ocean waves has attracted increasingly in-
terest, thanks to the huge wave energy potential at the global scale. Wave
power technologies are not yet commercially viable since reliability and
affordability of the devices are still unresolved issues. However, strong
support policies have been implemented, especially in Europe, to foster
the technology development, to reduce the associated risk for investors
and to overcome environmental and administrative barriers (Magagna
and Uihlein, 2015a).

The wave energy sector currently shows many competing technolo-
gies to harness energy from ocean waves. Indeed, the lack of consensus
among the different technical solutions has been highlighted as one of

the main barriers hampering sector's development (Magagna and Uih-
lein, 2015b). According to the classification of the European Marine
Energy Center (EMEC), existing wave energy converters can be grouped
into six categories, on the basis of their operating principle. However,
four device classes account for more than 80% of research efforts: point
absorbers, oscillating wave surge converters, oscillating water column
(OWC) and attenuators (Magagna et al., 2016). Point absorbers are
floating or submerged structures, which absorb energy from all directions
through a small floater, much smaller than the typical wavelength of the
incident waves. Oscillating wave surge converters consist of pitching
flaps anchored to the sea bottom, oscillating about a hinge aligned
orthogonally to wave direction. As the energy is harnessed only by the
horizontal water motion, these devices are conceived for intermediate
and shallow water depth. Oscillating water columns are partially sub-
merged hollow structures (floating, bottom-standing or shore-mounted)
with a chamber open to the sea, enclosing a column of water and a
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trapped air pocket above it. The wave induced oscillation of water inside
the chamber pushes the air back and forth through a bidirectional tur-
bine, which generates electricity. Attenuators are floating structures
oriented along the wave direction, having a horizontal extension com-
parable to the wavelength. Oscillating water columns and point ab-
sorbers are considered to be the most advanced device classes, in terms of
technology readiness level (Magagna et al., 2016).

Over the last years, the wave energy resource has been extensively
characterized at many worldwide coastal areas. Wave resource assess-
ments typically provide information on resource availability, average and
extreme wave conditions, intra-annual variability and energy distribu-
tion among sea states. These are essential information, but they need to
be integrated with device characteristics to proper design wave energy
projects. Looking only to wave climate data does not provide the full
picture and may lead to erroneous or misleading results. For example,
locations with high energy potential may be less productive than others
with lower energy content, if the bulk of the energy is provided during
sea states for which device efficiency is low (Veigas et al., 2014; Rusu,
2014). EachWEC has different efficiencies in the different ranges of wave
height and periods and also different operational ranges. For this reason,
in the last years feasibility studies have been conducted for various lo-
cations worldwide, aimed at selecting the best device for a specific site or,
conversely, to find the most appropriate location for a given WEC.

Recently, an increasing attention is being paid to wave energy con-
version in sheltered waters and enclosed basins, such as the Baltic Sea,
the Black Sea and the Mediterranean Sea. This is due to the fact that high-
energy sea-environments are typically characterized by extreme events,
which cannot be profitably harnessed and can compromise device sur-
vivability (Magagna and Uihlein, 2015b). Moreover, energetic wave
climates imply higher costs of construction, installation, operation and
maintenance, which could possibly not be balanced by the larger pro-
ductivity of wave power plants (Arena et al., 2015). On the other hand,
small-scale technologies, tailored for sheltered waters and moderate sea
states, may offer a wide range of potentials benefits, such as increased
survivability, reduced maintenance costs and lower financial risks
(Magagna and Uihlein, 2015b). Moreover, it is currently believed that the
development of small-scale WECs in sheltered seas could speed up the
learning curve of the sector, thus reducing the risks in the demonstration
phase of wave power technologies (Magagna and Uihlein, 2015b).

In this context, the feasibility of wave energy exploitation in the
Mediterranean Sea has recently been explored in a number of studies.
Rusu and Onea (2015) evaluated the performance of ten WECs at three
possible deployment sites in the Mediterranean Sea and showed that the
Pontoon Power Converter is the most promising solution with capacity
factors between 6% and 15%. Lavidas and Venugopal (2017) compared
the performance of six wave energy converters at different locations in
the Greek Seas. They showed that the areas with the highest capacity
factors are the southern Aegean Sea and the Crete Island and that the best
device is the Wavestar, thanks to its ability to operate at nominal power
for low wave heights and periods. A further study on Greek Seas has been
carried out by O'Connor et al. (O'Connor et al., 2013), who estimated the
energy output and economic performance of Pelamis and Wavestar, in a
location off the Greek Ionian coast. In order to better match local wave
conditions, the work considered three different ratings of the devices,
obtained upscaling or downscaling the original power matrices, accord-
ing to Froude similitude. The results indicated that the most suitable
solution for the Greek site is a wave farm of small rated Pelamis units.
Sierra et al. (2014) evaluated the performance of Pelamis, AquaBuOY
and Wave Dragon at 12 points along the coast of Menorca, obtaining
capacity factors around 10%, 9% and 11%, respectively. The same
technologies were considered by Aoun et al. (2013) to explore the po-
tential of wave electricity generation off the Lebanon coasts. For this
coastal region, the study reported much lower values of capacity factor,
equal to 4%, 5% and 5% for Wave Dragon, Aqua Buoy and Pelamis,
respectively.

In the last years, a number of studies have investigated the feasibility

of wave energy exploitation off the Italian coasts. Bozzi et al. (2014)
evaluated the energy production and the performance characteristics of
AquaBuOY, Pelamis and Wave Dragon at two of the most energetic
Italian locations. The study showed that the WECs would have relatively
low capacity factors (between 4% and 9%), but that a much better per-
formance can be achieved if they are downscaled according to local wave
climate conditions. A similar approach was followed by Iuppa et al.
(2015) with regards to Sicily. The study indicated that resizing the
existing technologies would lead to capacity factors higher than 30% at
some sites along the western coast. More recently, Vannucchi and Cap-
pietti (2016) demonstrated that the most suitable offshore devices, in
terms of capacity factor, are Wave Dragon for Tuscany and Liguria coasts
and Pelamis for Sardinia and Sicily. Finally, Zanuttigh et al. (2015, 2016)
investigated the potential of multi-purpose offshore installations for
combined wind-wave energy generation and aquaculture in two Italian
sites located in the Northern Adriatic Sea and in the Sardinia Island.

Overall, the studies on the Mediterranean Sea are few, cover a small
portion of the whole coastline and often consider a limited number of
wave power technologies. A comprehensive overview of the potential of
Mediterranean waters from the perspective of wave electricity produc-
tion is still lacking. Given this background, this work investigates the
potential for future wave energy exploitation in the Mediterranean Sea
by evaluating the performance of a selection of offshore wave energy
converters along the coastline, on the basis of a 37-year wave hindcast
data (Mentaschi et al., 2013a, 2015). As the selected technologies have
been designed for more energetic wave climates, the analysis considers
smaller devices, downscaled to match local wave conditions, as in pre-
vious works on mild climates (e.g. (O'Connor et al., 2013; Fern�andez--
Chozas et al., 2013; Sinden, 2005)). After optimizing device scale, the
best deployment sites are identified for each technology and, conversely,
the optimal devices for the most promising coastal areas are determined,
allowing for a combined WEC-site selection at the scale of the whole
Mediterranean. The final aim of the work is to provide advice for future
wave energy projects in the Mediterranean Sea.

The paper is organized as follows: section 2 presents the materials and
methods used in the work. Here, details on wave data and WEC char-
acteristics are provided, together with a description of the methodology
for device scaling and energy production estimation. The next section
presents the results of the research. It is subdivided into a global scale
subsection, presenting the results at the whole Mediterranean scale and a
local scale subsection focusing on specific coastal regions, which
emerged as promising sites for future WEC installations. Finally, in the
last section some conclusions are drawn.

2. Materials and methods

The performance assessment of a wave energy converter at a partic-
ular coastal location is based on wave climate information and WEC
performance data. These data are described in the following two sub-
sections while details on the procedures for device scaling and energy
production estimation are provided in subsections 2.3 and 2.4,
respectively.

2.1. Wave data

Wave data employed in the present study belong to a 37 years
(1979–2015) hindcast of the whole Mediterranean Sea implemented
with a spatial resolution of 0.1� in both longitude and latitude and a
sampling time step of 1 h for integrated quantities (significant wave
height, peak period, energy period, mean direction, peak direction and
first three spectral partitions). WRF-ARW v3.3.1 (Skamarock et al., 2008)
and WaveWatchIII v3.14 (Tolman, 2009) have been employed to model
atmospheric forcing and wave generation and propagation, respectively.
The reader concerned with models’ implementation, validation, reli-
ability and performances can refer to (Bove et al., 2014; Cassola et al.,
2015) for the atmospheric fields and to (Mentaschi et al., 2013a, 2015,
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