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Abstract
Wave is one of the main sources of renewable energy in the sea, due to its great potential to be harnessed. Currently, the technology is

not mature enough to be developed in an industrial way, and its levelized cost of energy (LCOE) is still too high. One of the key points for the
development of this energy is the technological progress of the wave energy converters (WEC), in which great efforts are being focused. In fact,
there are numerous types of WECs in different stages of development. Given the differences between them, there are several classifications
based on several aspects such as the location in relation to the distance to the coast and the bathymetry, the position relative to the sea level,
the size and orientation, and the energy capture principle.
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Introduction

Global wave energy potential is around 500 gig watts (GW),
considering 40% of conversion efficiency [1,2], making it one
of the main marine renewable energy sources [3-8]. Although
different investigations have been carried out since the 19*
century,ithasnotbeenuntil the 1970s that much efforthasbeen
invested [9]. In spite of this, the technology of the exploitation
of wave energy has not yet reached the maturity enough for
its development in industrial and commercial scale [10]. To
achieve an adequate development of wave energy, one of the
points to be focused on is the technology to be used in the wave
energy converters (WEC). Now a day, there are numerous types
of WECs [11] in development, having important differences
between them. Therefore, there are several classifications of
WECs that will be cited throughout this document.

Existing classification of Wave Energy Converters

Due to the existence of numerous and different WECs [12],
there are several classification according to the following
criteria:

a. location of the device in relation to the bathymetry
and the distance to the coast,

b. position of the device related to the sea level,
C. size and orientation of the device, and

d. Energy captures principle [2].

Regarding the first of these classification, we can
distinguish between onshore, near shore and offshore facilities
[13,14].The onshore term refers to one located on the coast,
usually taking advantage either of an existing or new structure
to be built, such as a breakwater. The near shore term refers to
shallow water with depths not exceeding 50 metres, located
relatively close to the shoreline. Offshore means waters deeper
than 50 metres, in more remote areas of the coast than near
shore facilities. Previous definitions of shallow and deep water
must be understand only for wave farms, and should not be
confused with the ones used in maritime engineering for wave
theories.

Regarding the second of the classifications mentioned,
we can distinguish between emerged, semi-submerged and
submerged. Furthermore, depending on the type of support
structure, they can be bottom-standing or floating with
mooring system. Regarding the third of these classifications,
there are pointabsorber, attenuator, and terminator WEC. Point
absorber devices generally have small dimensions compared
to the wavelength, absorbing wave energy in any direction.
Attenuator devices have their main axis or dimension parallel
to incident wave direction. Terminator devices have their main
axis perpendicular to the incident wave direction.

The fourth of the classifications distinguishes between
oscillating water column (OWC), Archimedes effect, and
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buoyant body with fixed reference, buoyant body with mobile
reference, overtopping, and impact (Figure 1). Oscillating
water columns (OWC) use the change of the level of water
due to waves inside a chamber to move the air to active an air
turbine. Archimedes effect takes into account the change in the

pressure over the devices caused by waves. Buoyant bodies
with fixed and mobile reference take advantage of the relative
movement between two parts of the device. Overtopping wave
devices exploit the water passing over the freeboard of the
structure. Impact devices are moved due to the action of waves.
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Figure 1: WECs classification according to the energy capture principle (Based on [15]).

There are other classifications taking into account all the
previous mentioned criteria and other ones, for instance, EMEC
one [16] distinguishes between

i. Attenuator
ii.  Point absorber

iii. Oscillating wave surge converter
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iv.  Oscillating water column

v.  Overtopping/terminator device
vi. submerged pressure differential
vii. Bulge wave

viii. Rotating mass

ix. Others (Figure 2)
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CLASS A CLASS B CLASS C
Attenuator Point Absorber Oscillating Wave Surge Converter
CLASS D CLASS E CLASS F
Oscillating Water Column Overtapping / Terminator Submerged Pressure Differential
CLASS G CLASS H
Bulge Wave Rotating Mass
Others
Figure 2: WECSs classification by EMEC: A) attenuator, B) point absorber, C) oscillating wave surge converter, D) oscillating water column,
E) overtopping/terminator device, F) submerged pressure differential, G) bulge wave, H) rotating mass and |) others (based on [16]).
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Different WECs have been developed, and the distribution
between the types according to the EMEC classification is
the following one: 40% are point absorber ones (B), 23% are
attenuator ones (A), 19% are oscillating wave surge ones (C),
7% are oscillating water column ones (D), 7% rotating mass
ones (H), 1% are bulge wave ones (G) and 3% are overtopping
ones (E) and others (I) [16].

Based on the analysis the most known existing WECs, it
can be given some examples for the different types following
the EMEC classification: Pelamis in Orkney for A) Attenuator;
Santofia Power Buoy for B) Point Absorber; Oyster in
Orkney for C) Oscillating Wave Surge; Mutriku Breakwater
for D) Oscillating Water Column; Wave Dragon North Sea
Demonstrator for E) Overtopping / Terminator; Archimedes
Wave Swing for F) Submerged Pressure Differential; Anaconda
for G) Bulge Wave, and Wello Penguin for H) Rotating Mass.

Conclusion

The potential for generating electricity from wave energy
is considerable. To achieve a commercial development of WECs,
itwill be necessary alot of effort in time and money in research
projects. Up to this moment, important resources have been
allocated for it, but the dispersion on WEC types is significant.
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A right allocation of the resources looking for synergies is
advisable. There are different classifications of WECs. The
most known ones are those based on the location of the relative
to the coast, the position of the device related to the sea level,
the size and orientation of the device, and the energy capture
principle. Furthermore, EMEC wave device classification
distinguishes between attenuator, point absorber, oscillating
wave surge converter, oscillating water column, overtopping
/ terminator device, submerged pressure differential, bulge
wave, rotating mass and others.
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