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Abstract
1.

The purpose of this paper is to examine the
feasibility of using wave energy converters for
coastal protection through laboratory tests. The
paper considers the case of a near-shore floating
device of the Wave Activated Body type, named
DEXA. The influence of the device length and of the
wave parameters on device efficiency and on inshore
wave transmission are investigated. A preliminary
design procedure to optimise both device efficiency
and wave transmission is proposed by means of an
hypothetical application to the Adriatic coast. The
effects induced by the device on coastal morphology
are roughly estimated in terms of variation of
longshore transport.

Erosion and flood already affect large coastal areas
and are expected to be more frequent and intense as a
result of climate change. A typical beach defence
consists of the artificial nourishment combined with
different types of structures, such as submerged
breakwaters, groins, artificial reefs, etc. The limit of
these interventions is that their efficiency decreases
with increasing water level so that they do not seem
suited to face the expected sea level rise.
Floating breakwaters, being almost independent from
sea level rise, may be more effective to shelter the nearshore zone and reduce the maximum run-up in the long
term. Unfortunately, they can be used for coastal
protection purposes only where the wave climate is
particularly mild. In fact, for wave periods greater than
4 s, they do not provide an appropriate reduction of the
incident wave height [2].
Floating Wave Energy Converters (WECs),
specifically suited to severe wave conditions, may
overcome this limitation. WECs reduce by absorption
the incident wave energy and may thus be used not only
for energy production but also for coastal protection
purposes. At present there are no investigation of wave
transmission behind WECs and of the related effects on
the littoral.
Aim of this contribution is to examine the feasibility
of using wave energy converters for coastal protection,
by jointly analysing wave energy conversion and wave
transmission for a given WEC, i.e. DEXA
(www.dexawave.com) device.
DEXA is a floating device that belongs to the Wave
Activated Body (WAB) type, where the energy
production is based on the relative movement of
separate parts.

Keywords: wave energy converters, wave transmission,
efficiency, coastal defence, DEXA, experiments.
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The active absorption on the wave paddles is not
used, but passive absorption is placed at the rear end of
the basin and at both sides. The absorbing sidewalls are
made of crates (1.21x1.21 m, 0.70 m deep). The 1:4
sloping beach placed opposite to the wave maker is
made of concrete and gravel with D50=5 cm.
The purpose of the tests is to evaluate the reduction
of wave agitation behind the model itself.
In order to represent an array of devices distant 4 m
among them, a wall 0.75 m high is placed in the wave
basin to limit its width (Figure 1).

Preliminary tests have shown that for high wave
steepness s DEXA is very effective [1]. This behaviour
allows to produce energy also when the sea conditions
are not extreme (i.e. when the wave heights are not
particularly high) such as in case of strong winds in
short fetches.
The knowledge gained from floating breakwaters
(FB) can provide a substantial contribution to define the
wave transmission coefficient KT for WECs. For FBs,
KT is often given as a function of peak wave period Tp
and significant wave height Hs, the FB geometrical and
dynamic properties (mass, added mass, damping factor,
natural period of oscillation) and finally to the
characteristics of the mooring system [2, 3]. KT is
usually related to l/Lp, being Lp the peak wave length
and l the breakwater length parallel to the incident wave
direction. The larger the incident wave length Lp
relatively to l, the larger the KT [4]. It is therefore
expected that a sufficiently long DEXA device may be
effective in reducing wave transmission.
In order to assess if DEXA is a suitable solution for
coastal defence, the specific objectives of this paper are:
• to analyze how the device efficiency η and the
transmission coefficient KT vary with wave height,
wave steepness and water depth; this analysis is
based on experimental results obtained in the wave
basin at Aalborg University;
• to study the near-shore effects induced by a row of
DEXA through an example application along the
Adriatic coastline, Italy.
The paper contains first a detailed description of the
wave basin and the device model, including the main
geometrical properties,
mooring
system
and
measurement tools. The tested wave conditions are also
provided. The dependence of η and KT on l/Lp and s is
then analysed by means of the experimental results.
Finally an hypothetical application of the device in front
of the Northern Adriatic coast is studied to show how
the optimal length of the device can be estimated being
known the wave climate. The approach aims at ensuring
adequate values of both KT and η. The variation of the
longshore net transport is evaluated by comparing the
yearly volume with or without the device.

2.

Figure 1: Test layout in wave basin

2.2 The DEXA device
The DEXA device consists of two rigid pontoons
with a hinge in between, which allows each pontoon to
pivot in relation to the other.
In the laboratory, DEXA is reproduced in 1:20 scale
model with the Froude similitude. The model is 2.10 m
long and 0.81 m wide (perpendicularly to wave
propagation), and has a total weight of 22 kg. Two
additional weights (formed by sand bags respectively
1.77 kg and 2.56 kg heavy) are placed over the model in
order to reach the required draft. The measurement tools
and the two added bags totally weight 10 kg. The draft
is such that at rest the free water surface passes in
correspondence of the axis of the four buoyant
cylinders.

Test description
2.1 Description of the facility

3D hydrodynamic tests are performed in the
directional wave basin of the Hydraulics and Coastal
Engineering Laboratory at Aalborg University, DK.
The basin is 15.7 m long (waves direction), 8.5 m wide
and 1.5 m deep. The wave generator is a piston type
paddle system composed of 10 actuators with stroke
length of 0.5 m, enabling generation of short-crested
waves. The software used for controlling the paddle
system to generate waves is AwaSys developed by the
same laboratory [1]. Regular and irregular short crested
waves with peak periods up to approximately 2.5
seconds, oblique 2D and 3D waves can be generated
with good results.

Figure 2: Scale model of DEXA device.

The Power Take-Off (PTO) system consists of a low
pressure power transmission technology (see Figure 2)
and is placed close to the centre of the system, in order
to maximise the stabilisation force [1].
The PTO system consists of a metal bar with an
elongate-shaped hole, a wire welded at the two ends of
the hole and a small electric engine with a wheel. The
bar is connected to one half of the device and the wheel
to the other, via a load cell (strain gauge equipped
“bone”). The wire is rolled up around the wheel that is
forced to rotate while translating along the bar hole. The
load on the PTO is modified by varying the current in
2
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the engine and therefore the resistance of the wheel to
rotation, so that the body rigidity is changed (totally it is
possible to set up 17 rigidities).
In all tested conditions, the mooring system consists
of taut synthetic lines fixed to the bottom with 20 kg
anchors (anchor position is shown in Figure 1).

The measurements are carried out to determine the
transmission coefficient KT and the produced power Pm.
Nine resistive gauges are placed in the basin (see
Figure 1), four of which between the wave maker and
the DEXA device and five between the device and the
dissipating beach. The Mansard and Funke’s method [5]
is used to separate incident and reflected wave heights
in front and behind the device, allowing the estimate of
the reflection and the transmission coefficients.
A strain gauge equipped “bone”, 10 mm thick, is
placed on the PTO system and records the moment due
to relative movement of the pontoons. The calibrated
instrumentation for power measurement includes a noncontact ultrasonic displacement sensor with a plate for
the signal reflection.

T

f
[%]

R(h1)
[-]

Lp(h2)

l/Lp(h1)

l/Lp(h2)

[m]

[m]

[-]

[-]

s = 1%
s = 2%
s = 3%
Hs
Lp
Tp
Lp
Tp
Lp
Tp
0.038
3.8
1.84
1.90
1.13
1.27 0.90
0.069
3.45
1.70
2.30 1.28
0.115
5.75
2.62
3.83 1.85
0.175
5.83 2.65
Hs
s = 4%
s = 5%
0.038 0.95
0.78
0.76 0.70
0.069 1.73
1.07
1.38 0.95
0.115 2.88
1.49
2.30 1.28
0.175 4.38
2.06
3.50 1.72
Table 3: Irregular tested waves for different value of s.

Tested wave attacks are based on the typical annual
wave climate of the North Sea and include two datasets.
The first set of wave attacks (Tab. 1, 2) includes 20
tests and considers
- 5 regular and 5 irregular wave conditions (Hs, Tp)
associated to their typical annual occurrence f; Tab.
1 contains the regular waves and Tab. 2 the
corresponding irregular ones;
- 2 water depths (h1, h2 being h1 the lower one) whose
selection is limited by wave breaking at generation.
The testing procedure is composed of two main
steps. The first step involves regular waves only (Tab.
1) and pertains the evaluation of the optimal PTO
rigidity R. Regular waves are used in this case since the
duration of each wave attack is much lower (5 minutes)
than for irregular tests (20 minutes). For both water
depths and for each wave, some rigidities are tested (i.e.
R = 0, 3, 6, 9, 12, 15, 17) and the optimal value of R is
derived based on the maximum obtainable power Pm.
It can be noticed that the condition n° 5 does not
give any results in term of R because waves break
before reaching the model.

[s]

Lp(h1)

[s]

In order to study the influence of wave steepness s on
wave transmission, another series of waves have been
tested, without any specific relation with the North Sea
climate. The purpose of these conditions is to select few
values of Hs. and vary wave steepness s from 1% to 5%
(see Table 3). Waves having Tp greater than 3 s have
been excluded due to the corresponding peak wave
length greater than the length of the wave basin. In
these wave conditions R is kept constant and equal to 6
that is the optimal value found in most of the previous
tests.

2.4 Wave attacks

H

Tp

2.235
2.309
0.940
0.909
1 0.05 1.252
3.087
3.251
0.680
0.646
2 0.10 1.565
3.904
4.154
0.538
0.506
3 0.15 1.878
4.696
5.028
0.447
0.418
4 0.20 2.191
5.881
0.357
5 0.25 2.504
Table 2: Irregular waves representative of the North Sea.

2.3 Measurements

[m]

Hs
[m]

3. Experimental results and analysis
3.1 Device efficiency η
The device efficiency η

η=

Pm
Pw ⋅ b

(1)

is a basic parameter that synthetically provides an
overview of the working configurations.
Figure 3 shows the measured values of η as a
function of l/Lp for all the conditions reported in Tab. 2.
From this Figure, it is possible to state that:
- η is always quite low (0.06<η <0.36)
- the dependence of the efficiency on l/Lp is
substantially not affected by changes of water depth
(h1 and at h2) when l/L =0.3 - 0.6.
- when l/Lp>0.6, η is higher for h1 than for h2,
whereas Pm is almost constant. The increasing of η
is therefore influenced by the reduction of Pw rather
than by an increasing of Pm, mainly due to the low
values of HI. In fact, for l/Lp close to 0.94, the
highest value of η occurs for h1, due to greater
dissipation of incident wave energy induced by
shoaling.
- in order to improve the performances of DEXA (i.e.
maximize the efficiency η), the dimensionless
length of the model should be close to 1.

R(h2)
[-]

0.035
1.25
46.8
12
12
1
0.070
1.56
22.6
6
6
2
0.105
1.87
10.8
12
6
3
0.140
2.19
5.1
6
6
4
0.175
2.50
2.4
9
5
Table 1: Regular waves representative of the North Sea.

The second step of the procedure is aimed at
evaluating η and KT with varying l/Lp. In this case
the irregular waves are tested (Tab. 2) with the
optimal values of R previously derived from the
corresponding tests with regular waves.
3
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KR =
2

HR
HI

(3)
2

K D = 1 − KT − K R

2

(4)
being HI the incident wave height, HT the transmitted
wave height and HR the reflected one.

W
1
2
3
4
5

Experimental values of both η and Pm in Figure 3
can be fitted by exponential tendency curves whose
coefficients are computed by means of the ordinary
least squares method:
(5)

Pm (l / L ) = 10.7 exp[− 3.94 ⋅ l / L]

(6)

Hs

ηs=1%

ηs=2%

ηs=3% ηs=4% ηs=5%

0.038
0.069
0.115
0.175

0.13
0.03
0.05
0.01

0.34
0.16
0.13
0.1

0.23
0.3
0.23
0.15

0.26
0.29
0.3
-

KR

h2=0.65 m
KD
KT

A modest fraction of the incident wave energy is
reflected and dissipated, being the medium values of KR
0.20 for h1 and 0.22 for h2. The medium values of KR as
well as of KT are determined through a weighted
average based on the percentage of occurrence of each
wave condition.
A great amount of the wave motion is transmitted
behind the device, since KT varies in the narrow range:
0.77<KT<0.96. For h1, the medium value of KT is equal
to 0.83 whereas for h2 it results 0.79. Both in h1 and h2
water depth, the lowest value of KT is obtained for the
lowest tested wave height (wave n.1 and n.6 in Tab. 2),
i.e. when l/ Lp is close to 1.
Figure 4 shows a clear dependence of KT on wave
length Lp, as it was already shown for FBs [3].
Specifically if l/Lp increases, KT decreases and the
decreasing rate of KT is greater on deeper bottoms. In
fact for a fixed value of l/Lp, KT is lower for h2 rather
than for h1.
Experimental results may be approximated by a
linear regression both for h1 and h2 water depth:
KT (l / L ) = 1.04 − 0.234 ⋅ l / L
(7)
when 0.30<l/Lp<0.94. The correlation coefficient in this
case is quite low, 0.70.

The coefficient of correlation is 0.96 for η and 0.98 for
Pm. It can be noticed that with increasing l/Lp the data
scatter increases especially for η.
Table 4 shows that η gradually increases with
respect to the wave steepness, confirming that DEXA is
particularly effective for high values of s (as stated in
[1]), although is very difficult to reproduce in laboratory
waves having similar values (due to wave breaking).

1
2
3
4

h1=0.55 m
KD
KT

0.29
0.86
0.32
0.41
0.55
0.771
0.17
0.89
0.20
0.43
0.45
0.872
0.17
0.94
0.21
0.30
0.26
0.943
0.17
0.92
0.17
0.34
0.22
0.96
0.20
0.34
0.92
Table 5 KR, KD and KT for the irregular waves in Tab. 2.

Figure 3: Variation of η and Pm/ Pm,MAX Vs l/L

η (l / L) = 0.022 exp[2.95 ⋅ l / L]

KR

0.2
-

Table 4: DEXA efficiency for wave attacks in Tab. 3.

Based on the occurrence of each wave condition
the yearly producible power PY at full scale is 214.5
MWh/y if the device is placed at h2 and 178.3 MWh/y
at h1. These values of PY may satisfy the yearly power
demand of respectively 80 and 100 families. Although it
seems more convenient to install the device in deep
waters, the greater power production PY has to cope
with the installation and maintenance costs, that
generally are greater than in lower depths.
3.2 Transmission coefficient KT
The variation of KR, KD and KT with water depth are
summarised in Table 5 for the wave conditions tested in
Table 2. The following definitions are recalled for
convenience below:

KT =

HT
HI

Figure 4 Variation of transmission coefficient KT with l/Lp
The measured values of KT (>0.77) for a single
device show that the reduction of wave energy obtained
with one row of DEXA is certainly lower than the
reduction usually obtained with a submerged coastal
structure. The still high residual wave agitation suggests

(2)
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that it would be therefore reasonable to place more than
one row of devices to reduce KT and at the same time
increase wave energy production.

Lp/Hs
5
15
25
35
45
55
65
75
85
95
105
115
[m]

3.3 Influence of wave steepness s on KT
Based on the wave conditions in Table 3, Figure 5
presents the dependence of KT on wave steepness s.
The dependence of KT on s is indeed weak
especially when l/Lp is quite low (l/Lp < 0.6). For a fixed
value of l/Lp KT decreases and at the same time (see
Table 4) η increases with increasing s.

0.5
0.52
44.69
27.25
10.33
3.54
1.88
0.58
0.28
0.08
0.03
0.00
0.00
89.19

1.5
0.00
0.01
0.42
2.11
3.11
1.85
0.55
0.47
0.23
0.10
0.01
0.01
8.87

2.5
0.00
0.00
0.00
0.00
0.05
0.56
0.64
0.33
0.05
0.01
0.00
0.00
1.63

3.5
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.10
0.10
0.05
0.00
0.00
0.27

4.5
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.01
0.00
0.03

[m]
0.52
44.70
27.66
12.45
6.69
4.28
1.79
1.17
0.47
0.22
0.03
0.01
100.0

Table 6 – Wave climate in terms of percentage of occurrence
for each combination of Lp [m] and Hs [m]. Data derived from
registrations at Azalea gas platform offshore Rimini.

In Tab. 6, the most frequent wave lengths Lp are in
the range 15-35 m with corresponding wave height Hs
lower than 2.5 m. Based on the criterion that KT is
minimized when l/Lp is around 1, 6 values of l are
selected in the range 10-35 m. Two water depths are
considered, that correspond to the upscaled laboratory
conditions, i.e h1= 11 m, h2= 13 m. For each value of l
and Lp, and for both water depths, HT, KT, Pm and η, are
calculated respectively by Eq.s (2), (5), (6) and (7).
Tab. 7 contains the medium values of HT, KT, Pm and η,
i.e. the weighted averages based on the yearly wave
occurrence f.
It is worthy to remark that effects induced by wave
obliquity and diffraction from the device cannot be
examined due to the limitation in the conditions and in
the measurements carried out in the laboratory.
Figure 6 shows the trend of the medium values of
KT, Pm and η with varying l/Lp. The curves suggests that
the optimal length l should be comprised between 20
and 25 m. In the same Figure, only the data relative to
h1 are depicted, since the results relative to h2 are very
similar and however they suggest an optimal length
l≈22 m.

Figure 5:Variation of KT Vs l/Lp and Vs s.

4. Hypothetical application of DEXA along
the Adriatic coast.
When a device such DEXA is integrated into a
coastal protection scheme, it is desired both to
maximise Pm and minimise KT. Indeed these two
requirements are opposite since with increasing l/Lp,
both KT and Pm decrease.
A preliminary design procedure is outlined in the
following, based on the experimental results described
in the previous Section 3. The objective of the
procedure is to define the “optimal” device length to
provide the best compromise between reduction of
incident wave height and efficiency of energy
conversion.
The procedure should be based on the medium
values of the significant design parameters (η, Pm., KT.).
For DEXA, all these parameters essentially depend on
l/Lp. It is therefore necessary first to collect typical
climate conditions in the installation site and to analyse
jointly the frequency and the wave length of the
incoming waves.
To carry out this example application, Rimini
(44°03’39’’N, 12°35’30’’E), a town facing the Northern
Adriatic sea, is chosen due to its mild climate. The
meteomarine data are derived from 11-years of
registrations (1993-2002) at the gas platform just
offshore Rimini (44°10’0’’N, 12°43’12’’E). The
percentage of occurrence of the couples Hs-Lp is
reconstructed in Tab. 6. Tide has a low excursion
usually in the range ±0.5 m and its effect is therefore
neglected.

h1
l
[m]

KT
[-]

HT
[-]

h2

η

Pm

[-]

[kW]

KT
[-]

HT
[m]

η
[-]

10 0.92 0.35 0.12 56.9 0.95 0.44 0.36
15 0.86 0.33 0.21 33.1 0.90 0.41 0.36
20 0.80 0.31 0.27 20.3 0.86 0.38 0.36
25 0.74 0.29 0.31 14.2 0.81 0.36 0.36
30 0.68 0.26 0.33 11.3 0.77 0.33 0.36
9.9
0.73 0.30 0.36
35 0.63 0.24 0.35
Table 7 – KT, HT, η and Pm both for h1 and h2

Pm
[-]
57.0
33.6
20.9
14.7
11.6
10.1

The degree of coastal protection given by DEXA is
quite small: when l=22 m, KT =0.78. It is therefore
recommended to install more than one line of DEXA
devices.
Even if small, the reduction of incoming waves
produce effects on the long-shore transport in the area.
A preliminary estimate is given considering one or two
rows of DEXA.

5
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Evaluation of net transport, as difference from the
gross North and South directed transports is only an
approximation, since in this preliminary work the
response of DEXA to different obliquities is not
considered.

5. Conclusion
Tests were carried out in the Aalborg wave basin to
examine the efficiency and the reduction of incident
wave height produced by the floating WEC named
DEXA.
The main experimental results consist of device
efficiency η, produced power Pm and transmission
coefficient KT. The device can produce wave energy,
being its efficiency η of order 0.3, and can also provide
some reduction of incident wave heights, being always
KT of order 0.8.
The design parameters essentially depend on l/Lp:
KT and η increase and Pm decreases with increasing l/Lp
towards the unity. The tests also highlight a weak
dependence of KT on water depth and wave steepness,
i.e. for steeper waves and greater depth KT increases.
Criteria for the optimal design of DEXA device
accounting for both produced wave energy and wave
transmission are provided by means of an example
application near-shore Rimini, Italy, along the Northern
Adriatic coast. A rough estimate of the morphological
effects induced by DEXA shows that the installation of
one (or two) rows of devices would produce an
appreciable decrease of the yearly net volume of
longshore transport.
The results suggest that DEXA may be
advantageously integrated into coastal protection
schemes. Nevertheless it should be remarked that these
analyses have been performed without accounting for
wave obliquity, for wave diffraction/refraction and in
absence of a real mooring system.

Figure 6:Variation of KT, η and Pm/PmMAX with l, for fixed
value of h1=11 m

All the devices are supposed to be 22 m long leading
to KT=0.78 in the first case, whereas in the second case
it is KT=0.61. These values are based on two simplified
assumptions:
- that DEXA is always re-oriented perpendicularly to
the direction of the incident waves;
- that diffraction/refraction effects behind the first row
of devices are negligible and the transmitted wave
height equals the incident wave height on the second
row.
The long-shore transport is estimated by the CERC
formula [6]. It is assumed that such long-shore transport
is homogenously distributed from the shoreline till the
breaking point and then it linearly decreases to zero
from here till the closure depth hc=9 m. The distance of
hc from the shoreline, xc=1154 m, and the (variable)
distance of the breaking point xb are derived from
Bruun/Dean formula [6]. The site is characterized by a
foreshore slope 1:100 and a normal to the beach that is
143°N, whereas the values of wave obliquity are in the
range 330° - 120°N.
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Figure 7: Net transport volume, with or without DEXA.

The net transport at different distances from the
shore ds is evaluated, in terms of yearly net volumes
(m3/year) for the unprotected beach V0 and in presence
of one or two rows of DEXA, respectively V1 and V2.
Figure 7 shows that in presence of DEXA the net
transport decreases particularly in the near-shore zone,
leading to a maximum reduction of the net transport of
about 46% and 72% for one row and two rows
respectively.
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