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ABSTRACT
One of the key aspects to consider before large scale de-

ployments of wave energy converters (WEC), is to optimize the
devices’ characteristics to improve wave power absorption. Typi-
cally, devices with passive control are designed to have the highest
efficiency in wave power absorption/production in the range of the
most frequent wave conditions. In general, there is an intrinsic
“trade-off” between the range of wave conditions where a WEC
can operate and the operation efficiency which, in the end, is
linked to the energy production yield. Outside the most frequent
wave conditions, there is still a non-negligible percentage of oc-
currences of more energetic sea states carrying high energy flux
values. Given the specific design characteristics of a WEC de-
vice, lower operation efficiency is expected during these stronger
sea states, which is translated as a lower production compared to
the available (usable) resource. In the present study, a multi-size
point absorber WEC array, using passive internal control, is pro-
posed to optimize wave power production at the array level. The
main aim of this work is to verify the combined use of devices de-
signed to work in the most frequent wave conditions, with WECs
which mass and dimensions are defined to improve their response
during stronger sea states. A comparison of the mean produced
power is performed between a proposed multi-array and a single
size one. This is done using 30 years of spectral wave data ob-
tained from an implementation of the WAVEWATCH III model,
while response of the wave energy converters array is simulated
with the boundary element model HAMS-MREL. Preliminary
results, using 10-devices arrays, show a promising increase in
production from 60 to 140% when larger WECs are included.

Keywords: Wave Energy, WEC farms, HAMS-MREL, Sea
states

1. INTRODUCTION
The increasing efforts to reduce the use of fossil fuels have

led to a continuous search of alternative energy sources. In

∗Corresponding author: M.F.AldayGonzalez@tudelft.nl
Documentation for asmeconf.cls: Version 1.35, June 25, 2024.

the last 2 decades, special interest has been put in the marine
environment. Particularly, the wave resource has been one of the
most studied alternatives given its global abundance [1]. As a
result, a large amount of publications have been carried out with
aims to characterize it, quantify it, and define potential sites for
extraction in different parts of the world [e.g.; 2–7].

With the increasing understanding of the wave resource,
many different concepts to extract energy from the waves have
been developed, tested and analyzed over the years as technology
advances [8–11]. As part of the “technology journey” of a wave
energy converter (WEC), it is required to pass the stages of proof
of viability and scaleability to reach the proof of durability phase.
This latter one implies the implementation of first WEC farms
prior to market diffusion [9]. In this sense, it is understood that to
produce a commercially attractive amount of MW adequate for
even power distribution, the design of a WEC farm requires many
units [12, 13]. Furthermore, in order to maximize wave energy
absorption/conversion, at a specific site, the characteristics of the
devices should be optimized.

Basically, the initial design (mainly size and mass) of a WEC
typically aims to provide the best performance for the most com-
mon wave conditions. At this stage, it is expected that the power
take-off (PTO) of the device is more efficient for a narrow range
of wave periods. Nowadays the efficiency of the WEC’s oper-
ation range is typically extended by including PTO passive or
active response controls [e.g.; 14–17]. In fact, the used control
strategy can be considered one of the main elements determining
the efficiency of the system [16]. Although the development of
active (or reactive) controls have shown an increase of energy ex-
traction from waves, the overall higher usage of energy from the
system can significantly affect the efficiency. On the other hand,
the implementation of a passive control is technically simpler
(and cheaper), and it can effectively decrease the peak to mean
produced power ratio [18].

Outside the range of the most frequent wave conditions, there
is still a non-negligible occurrence of stronger sea states. These
ones typically present larger significant wave heights (𝐻𝑠) and
longer peak periods (𝑇𝑝), carrying high energy flux values. The
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main objective of the present study is to evaluate the effects of
having multi-size WEC farms to improve production during more
energetic sea states. To this aim, the estimated production of a
single-size farm with devices designed to work in the most fre-
quent wave conditions is compared to a multi-size WEC farm.
The estimations are done with numerical simulations of point
absorber’s arrays using the in-house boundary element model
HAMS-MREL. In this case, 2 locations with different wave cli-
mate characteristics are selected to perform the analysis: Ireland
(North Atlantic) and The Netherlands (North Sea). The 30 years
spectral wave data used in the analysis, is taken from an imple-
mentation of the WAVEWATCH III [WW3; 19, 20] model spe-
cially adjusted for the areas of interest. The use of local detailed
spectral data, instead of parametric spectral shapes (e.g.; JON-
SWAP) which typically do not capture bi-modal sea states, has a
large impact on the absorbed power estimations. The proposed
approach helps to improve the accuracy of the WEC response
simulations in the frequency domain.

In the present paper, the method and materials are presented
in section 2, which includes a brief description on the HAMS-
MREL and WW3 models implementation. Then, results and
discussions are presented in section 3, followed by the conclusions
in section 4.

2. METHOD AND MATERIALS
2.1 Hydrodynamic model of the Wave Energy farm based

on the Converter Corpower C4 devices
This section briefly describes the hydrodynamic modelling of

the wave energy farm consisting of the Corpower C4 wave energy
devices. A linearized sub-optimal array power matrix considering
viscous losses is derived here, which is used to estimate the power
produced at a specific site.

It should be highlighted that the simulated WECs are based
in the geometry and size/mass of the C4. It is important to notice
that not all characteristics of the C4 are incorporated in the BEM
model simulations.

2.1.1 Device Description. The Corpower C4 device
(shown in Fig. 1) is a point absorber wave energy converter [21].
The C4 is selected for this analysis since it is currently one of the
state-of-the-art devices, and close to achieve commercialisation.
Two interesting features of the device are: 1) Wave-spring system
[22] which amplifies the motion and power capture of the device
by providing a negative spring function, 2) Pre-tensioning system
which replaces some of the mass otherwise needed to balance the
buoyancy effect and a composite spherical buoy hull structure,
that provides high volume with low mass. These elements have
not been included in the numerical simulations at this stage of the
study.

The device is anchored to the bottom and employs real-time
control algorithms to maximize its power output. The draft of
6 m was assumed by the authors for this study and the natural
frequency was calculated based on the aforementioned properties
for the single device.

2.1.2 Equations of motion. A frequency domain model
was used for estimating the response of the devices in wave farms,
considering the interactions between them. Only heave motion

FIGURE 1: Corpower C4 Wave Energy Converter Device [21]

TABLE 1: Properties of the Corpower C4 device

Property Value Unit

Diameter 9 m
Height 18 m
Installation depth (minimum) 40 m
Weight 70 tonne
Bouy Draft 6 m
Undamped Natural period (heave) 3 s

was considered here. The coupled equations of motion were
derived and solved simultaneously. If we consider 𝑁 devices in
the farm, the general equation of motion for the 𝑝𝑡ℎ device can
be given as:

[−𝜔2 (𝑚𝑝

𝑑
) + 𝑖𝜔(𝑏𝑝

𝑃𝑇𝑂
+ 𝑏𝑝𝑣 ) + 𝑐𝑝ℎ + Σ𝑁

𝑞=1 (−𝜔
2𝑚

(𝑝) (𝑞)
33 + 𝑖𝜔𝑏 (𝑝) (𝑞)33 )]𝑠 = 𝑓

𝑝

3

where𝜔 is the incident wave frequency,𝑚𝑝

𝑑
is the mass of the 𝑝𝑡ℎ

device, 𝑏𝑝
𝑃𝑇𝑂

is the PTO (Power Take Off) coefficient of the 𝑝𝑡ℎ
device, 𝑏𝑝𝑣 is the linearized viscous damping coefficient of the
𝑝𝑡ℎ device, 𝑐𝑝

ℎ
is the hydro-static stiffness coefficient in heaving

of the 𝑝𝑡ℎ device, 𝑓 𝑝𝑒 is the heave exciting force of the 𝑝𝑡ℎ device,
𝑚

(𝑝) (𝑞)
33 and 𝑏 (𝑝) (𝑞)33 are the added mass and radiation damping

respectively of the 𝑝𝑡ℎ device in heave due to the motion of the 𝑞𝑡ℎ
device in heaving. 𝑠 is the displacement amplitude of the device
also referred to as the body excursion. When the amplitude of
the incident wave is 1 m, then 𝑠 represents the RAO (Response

2 Copyright © 2024 by ASME



amplitude Operator) in heave motion for the device.
Within the scope of this formulation, the following interac-

tions have not been considered - (i) the wave spring component
of the device which provides a negative spring stiffness and (ii)
the pre-tensioning mechanism (iii) the moorings, as the device is
anchored to the seabed directly. The PTO damping is then cal-
culated based on the work of Hals et.al. [23]. For most practical
cases, the PTO reactance is negligible or zero and so considering
just the PTO damping condition would be sufficient [24]. There-
fore, a sub-optimal passive control has been incorporated within
the PTO damping coefficient, based on the formulation which
takes into account the losses due to viscosity. To determine the
viscous losses, a linearized approach has been used.

2.1.3 BEM model. The frequency dependent hydrodynamic
coefficients and exciting forces are obtained from the in-house
newly developed frequency domain Boundary Element Method
(BEM) solver HAMS-MREL (work showcasing its methodology
and validation is currently under review in ’Applied Ocean Re-
search’). This solver is built upon the existing open-source BEM
solver HAMS developed by Y. Liu [25]. Shallow water conditions
were assumed since the considered depth is 25 m at the location
in the North Sea and intermediate water depth conditions were
considered for Ireland. The mesh taken is from an earlier study
done by the authors [26]. Convergence studies were done as part
of that research.

2.1.4 Natural frequency of the devices in farms. The nat-
ural frequencies of the devices within a farm configuration were
obtained considering all inter-device interactions. The coeffi-
cients for both the diagonal and off-diagonal terms in the radiation
damping matrix were found to be well below the critical damp-
ing of the individual devices considering the Mass and Stiffness
(hydrostatic) matrices, and were therefore not considered in the
computation of the natural frequency of the devices. The un-
damped natural frequencies were thus estimated by an iterative
process since the added mass coefficients for all the devices are
dependent on the incident wave frequency 𝜔. For every inci-
dent wave frequency, the eigen values of the matrix 𝑀−1𝐾 are
obtained, where 𝑀 is fully populated mass matrix and 𝐾 is the
diagonal hydrostatic stiffness matrix. The positive root of the
eigen value gives the frequency, which should then be matched
with the incident wave frequency to obtain the natural frequency.
This process is performed for each device to get its natural fre-
quency which can then be used in the estimation of the linearized
viscous losses.

2.1.5 Sub-optimal PTO control and viscous losses. The
obtained natural frequency of each device is used to estimate the
linearized viscous losses using the Lorentz linearization approach
([27, 28]). The maximum heave displacement of all devices is
assumed to be 0.6𝑎 where 𝑎 is the radius of the bouy and is
applied as a displacement constraint. Sub-optimal passive control
including viscous losses was incorporated based on the work of
Hals et al. [23] which considers the displacement constraint
when obtaining the optimized PTO coefficient. It should be noted
that inter-device added mass and radiation damping coefficients
(off-diagonal elements of the added mass and radiation damping
matrix) are not considered for this calculation.
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FIGURE 2: Single WEC absorbed power estimations. Point ab-
sorbers with diameters of 9, 12 and 22.5 m, and mass of 70000,
175000 and 280000 kg respectively. All simulations use a 1 m wave
height.

2.2 Power Estimation and Array Power Matrices
The average power produced by the WEC over various sea

states is quantified in a power matrix. For its computation, irreg-
ular wave sea states based on the significant wave height 𝐻𝑠 and
peak period 𝑇𝑝 are considered. From the wave data for the given
location, the spectra are derived directly from the MREL dataset
per sea state, which can then be used to compute the significant
heave amplitude (𝑧𝑎1/3 ) and average zero-crossing period (𝑇2𝑧).
The methodology is explained in detail in our previous work [26].

When deriving the power matrices, the spectra obtained from
the MREL wave hindcast as well as the JONSWAP spectra is
used. For sea states that do not occur at the given location,
the JONSWAP spectra is used to derive the average power. For
sea states that do occur, the spectra is derived from the MREL
dataset. With this procedure, we have a fully populated power
matrix that also considers the characteristics of the sea states at
the assessment location.

The array power matrices are derived by adding the average
power per sea state from all devices in a given farm configuration.
The power matrices are capped to 𝐻𝑠 ≤ 9 m.

2.3 Analyzed WEC farms characteristics
The main idea behind increasing the size and mass of a

wave energy converter, is to shift its natural frequency towards
longer periods (lower frequencies). Thus, it is expected that the
device will be more “efficient”, in terms of power production, in
the presence of longer waves which are typically more frequent
during more energetic sea states. This concept is shown in Fig.
2, where idealized simulations of 3 different point absorbers with
diameters of 9, 12 and 22.5 m, and respective mass of 70000,
175000 and 280000 kg is presented. Here is possible to observe
how the peak of the estimated production, with constant wave
height of 1 m, is shifted towards longer periods as the size (and
mass) of the device increases. It is also possible to verify the effect
of including the sub-optimal PTO control in the WEC response
simulation (dashed lines) or using a fixed PTO value (continuous
lines).

Three different point absorbers’ farms are proposed to eval-
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uate the effects of multi-size arrays in terms of mean produced
power (compared to single-size ones). All cases consider 10 de-
vices arranged in a pyramidal, layout with 2 different diameters
and mass used in the case of multi-size farms. The size and mass
specifications are presented Fig. 3. Note that for all cases, the
distance between the center of the devices is kept constant with a
value of 3𝜙1 = 27 m (where 𝜙1 = 9 m and 𝜙2 = 22.5 m).

2.4 MREL wave hindcast
The 30 years wave dataset was generated at the Marine Re-

newable Energies Lab (MREL), using WW3 implemented with a
regular multi-grid 2-way nesting system [29, 30]. The modelled
domain covers the North Atlantic from latitudes 0.25◦ to 80◦
North with a spacial resolution of 0.25◦ (N_ATL-15M). Then,
2 nested grids with progressively higher resolution towards the
European Atlantic waters are included: N_ATL-8M with a res-
olution of 0.125◦, and the “coastal” grid EU-2M, with 0.03◦ of
resolution (∼ 2.3 km; see Fig. 4). For all grids, the spectrum is
discretized using 36 exponentially spaced frequencies from 0.034
to 0.95 Hz, with a 1.1 increment factor from one frequency to the
next. For the case of the spectral directional space, 24 discrete di-
rections are considered for the North Atlantic grid N_ATL-15M
(resolution of 15◦), and 36 directions for N_ATL-8M and EU-2M
(resolution of 10◦).

To force the model, the following fields have been considered:

• ERA5 winds [31] for wave generation. Wind fields are
applied to all grids.

• COPERNICUS-GLOBCURRENT surface global
(quasi-geostrophic) currents (CMEMS product MUL-
TIOBS_GLO_PHY_REP_015_004) which are applied
applied only in N_ATL-15M.

• The ice concentration from Ifremer SSMI-derived product
[32] considering a 1 m constant thickness. This forcing is
applied in all grids.

• Tidal levels and currents taken from the Atlantic-European
North West Shelf-Ocean Physics Reanalysis (CMEMS prod-
uct NWSHELF_MULTIYEAR_PHY_004_009). In this
case, currents are applied in N_ATL-8M and EU-3M, but
tidal levels are use only in EU-3M were shallower regions
with large tidal ranges are better resolved.

The included parameterizations for wind input and wave dis-
sipation are taken from the ST4 source terms package developed
by Ardhuin et al. [33]. Further adjustments were applied to the
swell dissipation term from the ocean-atmosphere interactions
parameterization [33], following the methodology described in
[34]. These modifications are mainly aimed to improve the wave
heights distributions and reduce the overall biases in the North-
East Atlantic. In addition, to partially mitigate the known un-
derestimation of ERA5 high wind intensities [34, 35], a slight
correction was applied to the input wind speeds > 20.5 m/s (see
equation 6 in [34]).

The Discrete Interaction Approximation [DIA; 36] is used
to represent the 4-wave nonlinear interactions. Although this is
a rather crude representation of the nonlinear interactions, the

DIA allows to capture some of the main characteristics of the sea
states which are relevant for wave energy applications : the peak
period (𝑇𝑝) and the significant wave height (𝐻𝑠). These wave
parameters are related to the position of the spectral energy peak
and the overall energy contained in the spectrum respectively.

2.5 Analyzed locations
The proposed analysis is applied in 2 locations with different

wave climate characteristics: Ireland (at the latitude of Doon-
beg), and off the coast of The Netherlands (North of the Frisian
Islands). The Atlantic coast of Ireland is exposed to long swells
and energetic storms during winter. On the other hand, The coast
of the Netherlands is located in the Southern end of the North
Sea, where the influence of swells form the North Atlantic is
very low and the wave climate is dominated by local winds. The
analyzed locations off the coast of Ireland and The Netherlands
are identified as IRE and NED respectively. The coordinates and
depths of these locations are specified in Fig. 5.

3. RESULTS
3.1 Sea states characteristics at the analyzed locations

As mentioned earlier, the wave climate (and depth) charac-
teristics at IRE and NED are very different. Here the 𝐻𝑠 − 𝑇𝑝
bi-variate distribution is computed using 30 years of wave data
taken from the MREL-Hindcast. In Fig. 6 is possible to observe
that most frequent 𝐻𝑠 −𝑇𝑝 combinations in IRE are concentrated
between wave heights of 1.5 to 2.5 m and periods of 8 to 12 s.
At NED, the most frequent occurrences are concentrated in the
wave heights’ range of 1 to 2 m and periods of 4 to 6 s, consider-
ably shorter waves compared to those of the North Atlantic. The
𝑇𝑝 histograms provide further information on the wave climate
characteristics and an idea on how important is the presence of
longer wave components outside the most frequent wave condi-
tions. At IRE there is a clear second peak of 𝑇𝑝 occurrences at
14 s, in average 4 s away from the range of most frequent periods
(between 8 and 10 s). On the other hand, at NED there are 2 well
defined peaks of𝑇𝑝 occurrences, but these are only 2 s away, with
the first peak at 6 s and the second one at 8 s.

This analysis could be further refined by including season-
ality and/or a POT type analysis to identify the occurrences of
stronger sea sates. For now, the bulk of the data already provides a
good idea of the presence of sea states with longer periods outside
the most frequent conditions. This is specially clear at IRE, with
an estimated cumulative occurrence of 15.5% of sea states with
𝑇𝑝 in the reange of 13 to 15 s. It should be noticed that this range
of periods matches the one for peak power absorption/production
for a single WEC with a diameter of 22.5 m and 280000 kg of
mass (see Fig. 2).

3.2 Produced power estimations
The power matrices at IRE and NED were derived using the

average of the corresponding spectra from each 𝐻𝑠 − 𝑇𝑝 com-
bination assigned at a given bin range. With this approach it is
expected to better represent the mean sea state conditions related
to every 𝐻𝑠-𝑇𝑝 bin and thus, improve the estimation of the WECs
dynamic response. In Fig. 7 an example of the different power
matrices obtained at IRE and NED with a single-size WEC array
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FIGURE 3: Analyzed WEC farms layouts. (a) Case 1: Single size 10φ1 array WEC array. (b) Case 2: 8φ1-2φ2 multi size array. (c) Case 3:
6φ1-4φ2 multi size array. In blue, WECs with diameter φ1 = 9 m and total mass of 70000 kg. In orange, WECs with diameter φ2 = 22.5 m
and total mass of 280000 kg. Green arrow shows the considered wave incidence for all simulations (cases). Distance between devices in all
cases is 3φ1 = 27 m.

N_ATL-15M

N
_
A
T
L-
8
M

EU
-2
M

FIGURE 4: Multi-grid 2-way nesting setup used in WW3. Active
N_ATL-15M grid nodes in dark blue, active nodes from N_ATL-8M
grid in green , in yellow active nodes from the high resolution EU-
2M grid. Figure taken from [26].

10𝜙1 and the proposed multi-size array 8𝜙1-2𝜙2 (see Fig. 3 for
details). A summary on the different power productions estimated
from all cases is presented in Table 2. Note that a cap for wave
heights larger than 9 m has been applied to consider the standard
operation range of point absorbers.

In Fig. 7.a is possible to see that the highest power ab-
sortion/production for a 10 single-size WEC array falls within
the 8 to 12 second 𝑇𝑝 range, similar to the theoretical example
shown in Fig. 2 for a single WEC. Once 2 larger devices are
added to the array (case 8𝜙1-2𝜙2;Fig. 7.a mid panel), the produc-
tion peak clearly shifts to he range of 14.4 to 17 s. In fact, adding
larger devices not only affects the increase of production for larger
periods, there is also an overlap of the effect of the bigger devices
to shorter periods too (Fig. 7.a right panel). It is interesting to see
that, by including 2 larger devices, it is already possible to double
the estimated absorbed power for approximately all periods > 6 s.

29.4 km

depth =23.7 m 

(a)

(b)

depth =62.47 m 

5.57 km

FIGURE 5: Analyzed locations. (a) Ireland (IRE), longitude −9.64◦,
latitude 52.78◦. (b) The Netherlands (NED), longitude 4.96◦, latitude
53.61◦. Specified depth is with respect to the mean sea level. Map
data are from ©Google Landast / Copernicus.

The estimation of the yearly mean produced power at IRE, shows
a large 140% increase in the production with 8𝜙1-2𝜙2 compared
to 10𝜙1 and a 320% increase with 6𝜙1-4𝜙2 (see Table 2).

Given the reduced depth conditions at NED, it is not realistic
to analyze cases 8𝜙1-2𝜙2 and 6𝜙1-4𝜙2 with 𝜙2 = 22.5 m. Instead,
a diameter 𝜙2 = 12 m with a mass of 175000 kg is selected
to verify the overall increase of power production. As seen in
Fig. 2, the devices with with 9 and 12 m of diameter have
only a slight different period shift in their peak response, but the
point absorber with 12 m diameter (with PTO control) presents
almost a constant 50% increase in the absorbed power for periods
between 8 to 25 s. Although not exactly the same, this behavior
is also observed in the power matrix of the 8𝜙1-2𝜙2 WEC array
in Fig. 7.b. By only including 2 slightly larger WECs there is
a ∼40% increase in the absorbed/produced power in almost all
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FIGURE 6: Hs − Tp bi-variate distribution and Tp histogram com-
puted at IRE (top panel) and NED (bottom panel) using 30 years of
wave data.

𝐻𝑠 − 𝑇𝑝 combinations for wave heights ranging from 3 to 9 m
and periods from 10 to 20 s (Fig. 7.b, right panel). This suggest
a potential economical benefit in using multi-size WEC farms,
allowing higher production rates. In this case, The estimation of
the yearly mean produced power at NED, shows a non negligible
20% increase in the production with 8𝜙1-2𝜙2 compared to 10𝜙1.

4. CONCLUSIONS
The main objective of the study was to quantity the dif-

ferences in the produced power of multi-size WEC farms com-
pared to the commonly analyzed single-size arrays. The aim
of using different WEC sizes is to improve the produced power
during the occurrence of stronger sea states, outside the most
frequent wave conditions at a specific location. The simulation
of point absorbers’ farms was done using the boundary element
model HAMS-MREL. On the other hand, the input wave data
was taken from the MREL-Hindcast, created using WW3 and
specially tuned for the North Altantic European waters.

The differences between the proposed arrays were analyzed
in terms of the changes in the power matrices obtained for multi-
size WEC arrays, compared to single-size ones of 9 m diameter.
Furthermore, the analysis is completed by comparing the yearly
mean produced power for each proposed WEC farm case: 10𝜙1,
8𝜙1-2𝜙2, and 6𝜙1-4𝜙2. This was done for 2 selected locations
with different wave climate and depth conditions IRE (Ireland)
and NED (The Netherlands).

Preliminary results point to a significant increase in the ab-
sorbed/produced power when only 2 larger devices are considered
in a 10 WECs pyramidal array. Particularly at IRE, the inclusion

TABLE 2: Produced power estimations. φ2 is 22.5 and 12 m for
IRE and NED respectively.Produced power is assumed equal to ab-
sorbed power (no losses).

Yearly 30 years
Location Case mean production

production [MW hr] [MW hr]

IRE 10𝜙 10518.8 315565.8
IRE 8𝜙1-2𝜙2 25961.4 778844.1
IRE 6𝜙1-4𝜙2 44531.4 1335941.7
NED 10𝜙 2547.7 76431.1
NED 8𝜙1-2𝜙2 3220.4 96612.7
NED 6𝜙1-4𝜙2 4102.3 123067.9

of 2 WECs with 22.5 m diameter and 280000 kg helps to increase
the yearly mean power production by about 140%. Although the
larger devices were “tuned” to perform better in the neighborhood
of 15 s, their inclusion has an effect across a wide range of wave
periods.

A somewhat different test was performed at NED, where the
multi-size arrays were simulated including a slightly bigger de-
vice of 12 m (175000 kg). In this case an increase of 20% and
61% was obtained in the yearly mean production when respec-
tively 2 or 4 larger devices are included in the array. This results
represent an interesting finding as there is a potential economical
benefit in the inclusion of a few slightly bigger devices in the
array. Although outside the scope of this paper, adding slightly
larger devices to the array may partly solve destructive behavior
(in WECs interactions) in farms bounded to a small available sur-
face. Distance between arrays is of importance since the radiated
waves from the WECs can create a destructive superposition with
some components (frequencies) from the incoming wave field. If
that is the case, a reduction in the absorbed power is observed. It
is always possible that the available space for deployment can be
reduced and the optimal spacing of the devices, to avoid destruc-
tive interference of some wave components, cannot be achieved.
Thus, including WECs with larger size/mass can help to compen-
sate for the potential loss in production.

It is expected that with a more detailed study of the local sea
states characteristics it will be possible to find a refined relation-
ship between the “small” to “larger” devices in the WEC farm
design. The characterization of the resource could be done in-
cluding seasonality or a peaks over threshold type analysis. This
multi-size design approach, specially adjusted to local wave cli-
mate and using passive controls, might have a positive economical
impact. It is thought that stretching the power production effi-
ciency towards longer periods will be beneficial for a more even
production throughout the year, with a partial reduction of the op-
eration downtime effects. These are subjects of ongoing research,
including the proper estimations of the CAPEX and OPEX for
multi-size WEC arrays.
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FIGURE 7: Example of power matrices and normalized differences between single and multi-size WEC arrays (8φ1-2φ2 - 10φ1) for (a) IRE and
(b) NED locations. On left panel results for single-size 10φ1 array , on mid panel 8φ1-2φ2 multi-size array, normalized difference with respect
to 10φ1.
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