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INTRODUCTION
To reduce greenhouse gas emissions and ensure a more sus-

tainable future in the coming years, it is essential to encour-
age the development of renewable energy sources. The Paris
Agreement, adopted on December 2015 provides to limit global
warming to 1.5 degrees Celsius, compared to pre-industrial lev-
els [1]. Currently, fossil fuels are still predominant over renew-
able sources: according to Renewables 2020 Global Status Re-
port, fossil fuels consumption represents the 79.9% of the total
global share of energy consumption, against 11% of renewable
sources, like wind, solar and hydropower [2]. But the growth
rate of renewables has undergone substantial increase since 2010:
in 2020, annual renewable capacity additions increased 45% to
almost 280 GW, the highest year-on year increase since 1999
[3]. Among the most promising sources we �nd solar and wind
power. Solar PV development will continue to break records,
with annual additions reaching 162 GW by 2022 � almost 50%
higher than the pre-pandemic level of 2019 while global wind ca-
pacity additions increased more than 90% in 2020 to reach 114
GW [3].

The growth in the renewable sector was due to a number
of factors including political support, �nancial incentives and
reduction in the costs of technology making renewable energy
cost competitive [2]. Among the leading countries in this rapid
growth there are China, Europe and the United States [4].

Growth forecasts are optimistic: despite the Covid-19 pan-
demic which hindered the development of new projects, the
growth rate will remain fairly constant in the next 2 years, reach-
ing respectively with 270 GW becoming operational in 2021 and
280 GW in 2022 [3].

Ocean energy
Among the renewables that have experienced interesting

growth in recent years we �nd ocean energy devices, that ex-
ploit waves, currents and tidal to produce energy. In Europe,
the highest resource potential for ocean energy exists along the
Atlantic coast, with further localized exploitable potential in the
Baltic and Mediterranean seas. The theoretical potential of wave
energy in Europe is about 2800 TWh annually, and the potential
for tidal current was estimated to be about 50 TWh per year [5].

The European Commission supports this development and
in 2020 has drawn up a strategy to encourage the development
of offshore renewable energy technologies. The main objectives
provides 1 GW of installed power for Ocean Energy in 2030, to
then reach 40 GW in 2050 [6]. The wave energy, thanks to high
predictability, low variability and extremely high energy density,
is among the most promising.

In Europe, the highest resource potential is mainly located
along the Atlantic coast and in the North Sea. The Mediterranean
Sea on the other hand is less energetic but also is characterized
by less dangerous extreme conditions. It represents a favourable

starting point to develop technologies that later will be scaled up
to more powerful sites.

Due to the immense potential of wave energy, a wide range
of wave energy converter ideas has been formed to capture en-
ergy from waves. There is a great variability of the available
designs: among the most diffused there are oscillating water
columns, oscillating wave energy converter, rotating mass gen-
erators and point absorbers.

Review of point absorber technology
The aim of this paper is to present recent research on point-

absorber wave energy converters (WEC) speci�cally designed
for mild climates, such as the one of the Italian seas. These
devices oat on the free surface of the ocean or are placed un-
derwater. They can be placed both nearshore or offshore and are
held in position by a mooring system connected to the seabed.
The wave energy is absorbed by radiating a wave with destruc-
tive interference to the incoming waves. A PTO system uses the
movement of the buoy in order to extract energy. The produc-
tion of electrical energy can be achieved via linear generators or
via generators driven by mechanical linear-to-rotary converters
or hydraulic pumps.

Over the past few years many devices have been studied
and developed due to the simplicity of design, the simplicity of
the hydrodynamic interaction and similarity with the well-known
buoys .

FIGURE 1. POINT ABSORBER.
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The PowerBuoy is a point absorber, developed by Ocean
Power Technologies [7], [8]. The devices is made by two parts: a
�oating structure with one component relatively immobile, con-
nected throw a mooring system with the seabed, and a second
component with movement driven by wave motion. The relative
motion is used to drive electromechanical or hydraulic energy
converters. A 40 kW PowerBuoy prototype was installed in 2005
for testing offshore from Atlantic City, New Jersey.

The AquaBuoy, developed by the AquaEnergy Group, is a
point absorber that utilize the wave energy to pressurize a �uid
that is then used to drive a turbine generator [9], [10] . The verti-
cal movement of the buoy drives a broad, neutrally buoyant disk
acting as a water piston contained in a long tube beneath the
buoy. The water piston motion in turn elongates and relaxes a
hose containing seawater, and the change in hose volume acts as
a pump to pressurize the seawater. The AquaBuoy design has
been tested using a full-scale prototype, and a 1 MW pilot off-
shore demonstration power plant is being developed offshore at
Makah Bay, Washington.

Archimedes Wave Swing (AWS) is a wave energy con-
verter is an off-shore, fully-submerged point absorber. Its main
two parts are the silo (a bottom-�xed air-�lled cylindrical cham-
ber) and the �oater (a movable upper cylinder) [11]. Due to
changes in wave pressure, the �oater heaves and when the AWS
is under a wave top, the �oater moves down compressing the air
inside the AWS. When the AWS is under a wave trough, pressure
decreases and consequently the air expands and the �oater moves
up. In 2004 a 2 MW prototype has already been built and tested
at the Portuguese northern coast.

FIGURE 2. POWERBUOY, AQUABUOY AND ARCHIMEDES
WAVE SWING, FROM [7], [9] AND [11].

Wavebob is a free �oating, self-reacting, axi-symmetric
point absorber [12]. It consists of two concentric �oating buoys:
a torus and a �oat-neck-tank. The FNT is positioned inside the
torus with a small gap called a moonpool separating the two bod-
ies. This is tuned to the incident wave action using a system to
change the device’s natural resonance frequency without chang-
ing the �oat’s draught.

The Uppsala point absorber is composed of a �oating
body linked to a platform moored to the seabed containing the
PTO [13], [14]. The generator is a directly driven neodymium-
iron-boron permanent magnet linear generator designed to take
advantage of the slow movement of the waves. The buoy action
is transferred directly to the generator with a rope activating the
translator within the stator, thus converting the kinetic energy of
the wave to electric energy. The stroke length of the translator is
limited by end stops at the top and bottom. To keep the WEC on
the seabed, a concrete foundation with a weight of 35 tonnes is
attached at the bottom of the capsule. When the buoy moves with
the motion of the waves, the translator inside the linear generator
will follow the motion in heave, thus inducing a varying mag-
netic �ux in the stationary stator windings. The power output
from the WEC is in�uenced by a number of different parameters
like the buoy size, translator weight, damping.

CETO is a fully submerged point absorber: the hull is made
of a submerged buoy that sits a few metres below the surface of
the sea and moves with the waves. This orbital motion drives
a power take-off (PTO) system that converts this motion into
electricity [15]. A prototype scale test of three of these units
was installed and tested as part of the Perth Wave Energy Project
(PWEP) at Garden Island in Western Australia.

FIGURE 3. WAVEBOB, UPPSALA POINT ABSORBER AND
CETO, FROM [12], [13] AND [15].

MATERIAL AND METHODS
The purpose of this paper is to present a frequency domain

model for a cylindrical point absorber with one degree of free-
dom and to perform a holistic optimization that maximizes the
extracted power and minimizes device costs. The numerical
model is based on the potential �ow theory while all the hydrody-
namic properties such as the added mass and the radiation damp-
ing are calculated using the Boundary Element Method (BEM)
software Nemoh [16]. Waves are described by a Jonswap spec-
trum, with the resource data (wave height and period) extracted
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