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Abstract

Wave farm planning in a coastal region should lead to the selection of: i) the type of
technology of wave energy converter (WEC) providing the highest performance at
specific sites and ii) the sites for wave farm operation allowing an integrated coastal
zone management (ICZM). On these bases, the deployment of a wave farm should be
based on an accurate analysis of the performance of different WECs at coastal locations
where wave energy exploitation does not interfere with other coastal uses, and the
environmental impact is minimized (or positive, e.g. allowing coastal protection). With
this in view, in this piece of research the intra-annual performance of various WECs of
the same type (buoy-type) is computed at different locations in NW Spain allowing an
ICZM perspective. For this purpose, the intra-annual version of WEDGE-p® (Wave
Energy Diagram Generator — performance) tool is implemented. The results show that,
as opposed to previous analysis on WECs with different principle of operation, the level
of performance of buoy-type WECs at specific locations may present strong similarities.
In this case, an accurate computation of different performance parameters along with
their joint analysis emerge as a prerequisite for an informed decision-making.
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1. Introduction

Wave energy exploitation represents a major technological challenge due to the need of
wave energy converters (WECSs) to operate under harsh conditions [1]. Nevertheless, the
intense research developed over the last years has led to an increase in WECs’
efficiency and a better response under extreme conditions. As a result, a large number
of different WECs are currently available, which may be classified based on three
aspects: i) distance to the coast, ii) shape and direction and iii) mode of operation [2].
The latter is usually considered the most relevant aspect, according to which three main
technologies are usually defined: overtopping devices (OTDs) [3,4], oscillating water

columns [5-7] (OWCs), and wave activated bodies (WABSs) [8,9].

The most appropriate device for a specific coastal site is function of several aspects. In
this context, the magnitude of the resource and its spatial and temporal distribution is of
paramount importance. This is caused by their efficiency, which depends on the wave
resource characteristics, namely wave height and period. Thus, the device providing the
highest performance is site-specific and no general recommendation can be drawn. On
these bases, the selection of the most efficient WEC-site combination should be
conducted based on a thorough analysis of the performance of several combinations; to
this end, it has been shown that an exhaustive study on the wave resource distribution
following specific procedures is required [10]. In this regard, the wave energy resource
may experience significant modifications in short distances caused by the different
coastal processes resulting from the interaction of waves with the seabed in their
propagation to the coast [11]. In addition, the coastal regions of interest for wave energy

exploitation usually exhibit a considerable temporal variability in the resource, with
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abrupt seasonal or even monthly variations [12,13], which need to be considered for an

appropriate performance analysis [14].

Last but not least, wave energy exploitation represents a new coastal use which has to
be considered under an integrated coastal zone management (ICZM) approach [15,16]
so as to avoid the interference with other coastal uses along with environmental
damage, thereby leading to a sustainable development of the coast [17-19]. With this
aim, an ICZM perspective has to be considered for conducting the final decision-
making when deploying a wave farm in a coastal area (i.e. definition of the most

appropriate WEC-site combination).

In this piece of research, the intra-annual performance of three WABSs of buoy type:
Aquabuoy, Bref-HB and F-2HB [20-23], is thoroughly investigated. This specific
technology is selected insofar as several wave farms of this type have been proposed
over the last years in the Galician region e.g. [24]; however, limited studies on the
performance of these devices under real conditions have been conducted. The main
characteristics of the selected WECSs are shown in Table 1. The performance of these
devices is analyzed at different sites within the Galicia coast (NW Spain) (Figure 1)

compatible with an ICZM approach.

This study is conducted by implementing the intra-annual version of the recently
patented tool WEDGE-p® (Wave Energy Diagram Generator - performance) [25]. The
tool is now available within a brand-new interface allowing the self-contained
computation of the relevant intra-annual performance parameters of WECs at the
locations of interest, which in turn are selected through a Geographical Information
System (GIS) viewer, containing the relevant socioeconomic and environmental spatial

data in the region.
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[FIGURE 1]

[TABLE 1]

The paper is structured in five sections. In first place, in Section 2, the data
requirements both in terms of wave characterization and from an environmental and
socioeconomic standpoint are presented. Then, in Section 3, the procedure followed for
implementing the tool in the coastal area of interest is briefly discussed. In Section 4,
the performance results are thoroughly presented for the different WEC-site
combinations of interest. In Section 5, a comprehensive discussion on the implications
of the results presented is conducted. Finally, the main conclusions are established in

Section 6.

2. Data requirements for wave energy exploitation decision-making

The wave data currently available in most of the coastal areas are not sufficient for an
appropriate decision-making when deploying a wave farm. This limitation results, in
first instance, from how WECs operate. The efficiency is usually given through a
power matrix which provides the power output, P, for the different wave conditions
usually expressed in terms of significant wave height, Hyo, and wave energy period, T.
In Figure 2 the power matrices of the devices selected are presented. It can be observed
that the power output strongly varies depending on the existing conditions, presenting
the highest efficiency within an approximately narrow band of Hn in the range of 4-7

m, and a wider range of Te, roughly 6-13 s. These characteristics of the resource will

4
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cause a significant variation in the performance attained by the selected WECs at
different locations; nevertheless, this variation is not likely to be as abrupt as when
comparing devices with different principle of operation, which usually attain the highest

efficiency in bands of Hn, and T, greatly differing amongst them.

[FIGURE 2]

Furthermore, the way in which the efficiency is provided by device developers causes
that the wave energy resource should be characterized following specific procedures
allowing the computation of the so-called characterization matrices containing the
occurrence and total energy provided by the different wave conditions [10]. Therefore,
by combining the WEC’s power matrix with the characterization matrix at a site of
interest with the same level of resolution, the power performance of a specific WEC-site
combination is obtained. In this context, the intra-annual figures of the performance
need to be analyzed for which the characterization matrices obtained should correspond
with the temporal period capable of reflecting the intra-annual variability of the

resource.

Finally, when selecting the sites for wave energy exploitation at which the
aforementioned characterization matrices are computed, as stated, the socioeconomic
and environmental aspects should be considered so as to avoid the interference with

other coastal uses and environmental damage, thereby leading to an effective ICZM.

With this in view, the intra-annual version of the brand new tool WEDGE-p® [25],

based on complex wave resource characterization methodologies [10] considering high-
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resolution numerical modelling, instrumental wave data, along with a vast amount of
environmental and socioeconomic information, is implemented and used to evaluate the
performance of the selected WECSs. The tool provides the resource information in the
form of monthly characterization matrices with any desired resolution of wave intervals
at the coastal sites of interest, from which it automatically computes the performance of
any WEC in terms of various parameters (Section 3). In addition, it also incorporates a
Geographical Information System (GIS) viewer including the existing coastal uses and
environmental data, e.g.: transport routes, fishing and shellfish areas, environmental
protected zones, etc. Therefore, by combining the socioeconomic and environmental
information with the resource and performance data obtained, an informed decision-
making can be conducted. In the next section, the principal characteristics of the tool

and its implementation to the coastal area of interest are presented.

3. Tool development and implementation
3.1. Intra-annual WEDGE-p® development

The procedure followed for developing the present tool is based on the deepwater
energy bin concept [26] and its numerical propagation towards the coast. On these
bases, the most representative offshore energy bins, i.e., trivariate combinations or
intervals of significant wave height, Hno, energy period, Te and wave direction, &, with
a specific resolution, are selected and propagated towards the coastal area of interest.
The energy bins considered are obtained from the nearest offshore buoy, representative
of the surrounding deepwater area, by analyzing a 122712 hourly sea states recorded

over a total of 15 years. The resolution of energy bins is established at 0.5 m of Hy, 0.5
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s of Te and 22.5 of . Then, the most energetic bins providing 95% of the total energy

available are retained, representing almost 100% of the exploitable resource [27].

Next, the offshore energy bins retained are propagated towards the coast through high-
resolution spectral numerical modelling. More specifically, the SWAN (Simulating
WAVves Nearhore) model is implemented, being commonly used in wave resource
assessments [28-32]. In particular, the model has been previously implemented to this
coastal region and successfully validated against field data [27,33]. The model is
capable of accurately computing the different wave transformation processes by solving

the action balance equation given by:

0

— 0 0 S
—N+V-(CN)+—(C,N)+—(C _N)=
" ( )89(9)60(0)

— 1)
O

where N stands for the wave action density, t is the time, C represents the propagation
velocity in the geographical space, € and ¢ are the direction of the waves and the

relative frequency, respectively, Cy and C, represent the propagation velocities in the 6-

and o- space, respectively, and finally, S is the source term given by:
St :Sin +Snl3+8nl4+swc +Sf +Sbr (2)

where Sj, represents the generation by wind, Sy3 ¥ Snis Stand for triad and quadruplet
wave-wave interactions, respectively, and finally Sy, St, Spr account for dissipation due
to whitecapping, bottom friction and wave breaking, respectively [34]. The area covered
by the numerical model grid and its bathymetric configuration is presented in Figure 3.
As a result of the numerical propagations a reduced number of energy bins are obtained
at each node of the numerical grid, i.e., at each location with a given spatial resolution.

In other words, at each coastal site a number of wave conditions with a given
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occurrence are made available. In the present case, the occurrence is computed in terms
of monthly figures, and thus this information can be used to reconstruct high-resolution

monthly characterization matrices at the sites of interest.

[FIGURE 3]

Finally, by combining the resource information contained in the characterization
matrices with the efficiency provided by the power matrix of a given WEC, the
performance of a specific WEC-site combination is obtained. This is automatically
computed by the tool as follows. First, the total energy production of a WEC-site
combination, Ey, is obtained by combining each WEC’s power output as provided by
the power matrix, P;, with its corresponding occurrence, Oy, in the characterization

matrix of the site, i.e.:
Eo - Piob,i (3)

where n is the total number of energy bins considered. Given that the energy production
may greatly differ amongst devices stemming from their different rated power, P,
(Table 1), the computation of further parameters is required to an accurate analysis of
the WECs’ behavior. In this way, the capacity factor, C, is also computed by the tool

as.

C, =—=2x100 4
=5t @



186  Finally, in order to have the full picture of the hydrodynamic performance of the WEC-
187  site combinations selected, the capture width, CW, and capture width ratio, CWR, [20]

188  are also computed. CW is given by:

189 CW =

P
7 )

190  where P (W) is the output power and J the total available power. CWR is obtained as:

191 CWR= J%xlOO (6)

192  where B is the characteristic dimension of the WEC [21,22]. The relevant information
193  for its computation along with the resulting values are presented in Table 2. The

194  aforementioned parameters are automatically determined by WEDGE-p® tool, for
195  which the WECs’ power matrices currently provided by device developers are

196 incorporated within it. For a more detailed description of the procedure on which this

197  tool is based, the reader is referred to previous research into its development [25,35].
198

199 [TABLE 2]

200

201  3.2. Application to a case study

202  WEDGE-p tool is applied to a specific area within the Death Coast of Galicia (NW

203  Spain), the region with largest potential in the Iberian Peninsula, where a WEC of buoy-
204  type has been recently deployed [24] . For this purpose, first, the socioeconomic and
205  environmental information together with the bathymetric data contained in the tool are

206  used for selecting three Points: A, B and C with depths 40.2, 72.0 and 99.4 m,
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respectively (Figure 1). These locations are selected so as to it make possible an ICZM
approach within which, on one hand wave energy operation does not interfere with
other coastal uses, and on the other hand potential environmental impacts are
minimised. In this regard, aspects such as the potential impacts of the operation of a
wave farm over the adjacent area —either negative or positive, e.g., its capability for
coastal protection [36]— are out of the scope of this work. However, they may be of
major interest for an ICZM approach and should be analyzed for each case study

following specific procedures [37-39] prior to installing a wave farm.

Once defined the locations, their characterization matrices are obtained, both in terms of
annual (Figure 4) and intra-annual figures (Figures 5). It can be seen that, despite their
being separated by short distances, their resource characteristics present certain
differences, as it is apparent by the distribution of energy amongst bins, overall
presenting a slight reduction in the total energy available with the reduction of depth.
The major part of the energy available is neither provided by extreme sea states nor
conditions with low wave height, which in turn are those not retained within 95% of
energy level analyzed, and therefore allowing the consideration of virtually 100% of the
exploitable resource. Regarding the intra-annual variability in the resource, profound
variations in both the distribution of the energy amongst bins and the total energy
available are apparent, thereby highlighting the importance of determining the
performance during short periods, e.g., in terms of monthly figures. In the next section,
the results of the monthly performance for all the WEC-site combinations selected are

presented.

[FIGURE 4]
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[FIGURE 5]

4. Monthly performance analysis of WEC-site combinations

The monthly performance attained by the selected buoy-type WECs (Aquabuoy, Bref-
HB and F-2HB) is computed at the three locations defined for wave energy exploitation

allowing an ICZM approach (Section 3.2).

In Figures 6, 7 and 8 the intra-annual energy output E, and capacity factor C; expressed
in terms of monthly figures are plotted at Points A, B and C respectively for the three
technologies. Overall, it can be observed that the magnitude of these parameters
presents a strong intra-annual variability, along with significant differences amongst the

combinations analyzed.

[FIGURE 6]
[FIGURE 7]

[FIGURE 8]

At the three locations selected, the greatest E, is provided by F-2HB, followed by
Aquabuoy and Bref-HB. In the same way, the greatest E, is attained by the three
technologies at Point C (Figure 8) with mean annual figures of 105.32, 33.54 and 2.23
MWh for F-2HB, Aquabuoy and Bref-HB, respectively, overall showing large
differences amongst them in production, of the order of 200% (F-2HB and Aquabuoy)

and 5000% (F-2HB and Bref-HB). In addition, they show a similar intra-annual trend,

11
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maintaining the aforementioned positions throughout the year. This pattern can be
roughly described by a certain stability in the energy production from January to March
with figures clearly higher than the monthly average; then, in April, E, begins to
experience a significantly reduction which is maintained until July and August during
which the lowest values are obtained. Then, E, shows a significant increase during
September and October levelling out over the last one quarter of the year. In all the
combinations the months with the greatest production are January and February, approx.
350-400% higher than that obtained during the months with lowest production, attained

in August and closely followed by July.

The same general description in the intraannual variability of E, applies to the capacity
factor, Cs, as established by Equations 3 and 4; nevertheless, the level of performance of
the devices analyzed greatly differs from those drawn for E,. In this case, the device
overall providing the highest performance (annual mean), at the three locations selected
is Bref-HB, followed by Aquabuoy and F-2HB, i.e., the reverse order of that obtained
for E,; however, in contrast to E, results, their positions are not conserved throughout
the year, as it is apparent in the case of Aquabuoy technology attaining the highest
performance over the first and last one third of the year. In addition, the differences
amongst technologies are now more reduced. At point C, again the site allowing the
highest performance, the C; obtained are 20.39, 18.42 and 14.47%, respectively, with
differences amongst devices of roughly 10% (Bref-HB and Aquabuoy) and 20% (Bref-
HB and F-2HB). This is due to the large disparity in their rated power, which causes
that the energy production parameter cannot be solely used to analyze the performance
of WECSs; in contrast, other parameters such as the equivalent hours, usually considered

in wind energy or the capacity factor, as it is the present case, should be computed.
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However, in order to have the full picture of the performance of the WEC-sites selected,
the parameters capture width, CW, and capture width ratio, CWR, are also computed. In

Figures 9, 10 and 11, their results are plotted at Points A, B and C, respectively.

[FIGURE 9]
[FIGURE 10]

[FIGURE 11]

In the case of CW, the largest mean annual figures are provided, in the same way as in
the energy output parameter, by F-2HB followed by Aquabuoy and Bref-HB.
Nevertheless, in this case Point C is not that allowing the highest performance for the
three technologies; now the greatest values are obtained by F-2HB at location B with a
mean annual value of 5.15 m, by Aquabuoy at location B with 1.65 m, and by Bref-HB
at location C with 0.13 m, yet similar values are attained at the remaining locations. On
the other hand, the marked intra-annual variability previously observed is now much
more reduced yet intra-annual variations of up to approx. 200% are still present in the
case of Bref-HB. In addition, the intra-annual pattern completely differs from that
previously presented; now April and September are the months providing the highest
performance in the case of Aquabuoy and F-2HB (although in the latter case, the intra-

annual variations are very low), and the summer period in the case of Bref-HB.

Despite of the interest of CW parameter, an accurate comparison between the available
and output power requires the consideration of the characteristic dimension of the WEC

which leads to the definition of capture width ratio, CWR. The greatest figures of CWR
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provided by Aquabuoy with 27.44% at Point B, closely followed by F-2HB with 25.77
% at Point C and at a great distance by Bref-HB with 4.20% at Point C, with again very
similar figures amongst locations. Finally, as it could be expected from Egs. 5 and 6, the
spatial (locations A, B and C) and temporal variations (monthly variations) follows the

same pattern as that depicted in the case of CW parameter.

5. Discussion

At the three locations selected, the greatest E, in terms of mean annual figures is
provided by F-2HB, followed by Aquabuoy and Bref-HB, being attained by the three
technologies at Point C, and showing markedly differences in their production of about
200-5000%, which is expected to be primarily caused by their rated power and not by
their efficiency. However, the different energy distribution amongst bins at the three
sites of interest is not reflected in significant differences in the resulting performance. In
addition, the selected WECSs show a similar intra-annual trend, maintaining the
aforementioned positions throughout the year with an intra-annual variation in Eq of

about 350-400%.

The large disparity in the rated power causes E, not to be a reliable parameter of energy
performance analysis, being utterly necessary to compute other parameters such as the
capacity factor, Cs. The results obtained show that this parameter, as it could expected,
presents a similar trend in terms of intra-annual variability; however, and in contrast to
Eo, the performance attained by the selected WECSs is relatively similar, being Bref-HB

the device with overall the highest performance (which corresponds to the device with

14
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lowest Eg), followed by Aquabuoy and F-2HB with differences of about 10-20%, and

not maintaining their positions throughout the year.

The previous parameters depict the most important aspects of the performance of the
WEC-site combinations selected. Nevertheless, they do not accurately reflect their
hydrodynamic performance. With this in view, the capture width, CW, and capture
width ratio, CWR, are also computed. In the case of CW, the highest performance is
attained, as in the case of the energy output, by F-2HB, followed by Aquabuoy and
Bref-HB. In addition, as in the case of the previous parameters, the different distribution
of the resource amongst energy bins does not result in significant variations in the
performance at the different locations of interest. Regarding the intra-annual variability
pattern, it differs from that provided by the previous parameters; now, only strong intra-
annual variations are apparent in the case of Bref-HB, which in addition presents the
greatest values during summer months, in contrast with the results previously presented.
This results from the variation in the output power being compensated by the reduction
in the total available power, indicating that the these WECs maintain an appropriate
level of performance over a wide range of conditions. Finally, from the analysis of CWR
results, further information emerges. Now, Aguabuoy presents the greatest values,
closely followed by F2HB, while the performance of Bref-HB plummets. The low
performance attained by Bref-HB —which provides the highest capacity factor— is due
to its low surface (perpendicular to wave direction) available for harnessing wave
energy in comparison with the other two technologies. These results clearly indicates
that despite of the great interest of CW and CWR parameters, the latter being considered
as that reflecting more accurately the hydrodynamic performance of WECs, other

parameters such as the capacity factor are required for an appropriate analysis of WECS’
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performance, in particular for describing the intra-annual variability in the energy
production, and for considering other geometric characteristics (in addition to the

characteristic diameter) which can be of interest.

On the other hand, it is important to highlight that the results obtained differ to some
extent from previous analysis on the performance of WECs at different locations within
the same coastal region e.g., [14]. When comparing devices with different principle of
operation, the variation in the performance amongst them is usually shown to be larger
than in the present case. This is due to the fact that each technology is more adapted to
operate in a specific range of wave conditions and therefore the performance is much
more sensitive to the resource characteristics at the location selected. In fact, in this
case, it can occur that a specific technology provides the highest performance at a given
location, while at a close location the greatest figures are attained by other technology
[14]. This is not the case of the present study, which is probably the result —in addition
to the similarities in the resource characteristics at the locations selected— of analysing

WECs with the same principle of operation (buoy-type technologies).

6. Conclusions

In this paper, the intra-annual performance of various buoy-type WECs is computed and
analyzed at different coastal locations based on an ICZM approach. For this purpose,
the intra-annual version of WEDGE-p® tool is implemented to this region, which is
developed by using complex procedures considering numerical modelling and an
extensive set of instrumental data. As a result, the tool made available contains a large

set of new data allowing the self-contained computation of high-resolution
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characterization matrices and on their bases different performance parameter of any
WEC of interest. In addition, the tool incorporates a GIS viewer with the different
coastal uses within the region of interest, along with the areas of environmental interest,
which should be combined with the aforementioned wave data so as to lead to a
sustainable development of the coast when introducing a new use, as it is the case of

wave energy exploitation.

The tool is used to select three locations from an integrated coastal management
perspective, i.e., where wave farm operation does not interfere with other coastal uses
and the environmental impact is expected to be minimum. Then, the characterization of
the resource is obtained, and on their bases the intra-annual performance of three WECs
with the same type of technology (buoy-type WAB), Aquabuoy, Bref-HB and F-2HB,
is determined in terms of energy output, capacity factor, capture width and capture

width ratio.

The results show that the performance largely differs depending on the parameter
analyzed. Amongst all of them, the capacity factor and capture width ratio emerge as
the most important parameters, capable of both capturing the intra-annual variability in
the performance along with reliable figures of the hydrodynamic performance. The
disparity in the results obtained highlight the need for considering both parameters so as
to appropriately describe the performance of WECs at specific locations, along with
accurately reflecting the intra-annual variability in the production and avoiding
misleading results arising from considerations regarding the geometric configuration or

the rated power.

On the other hand, the results presented in this research differ from those provided by

previous works dealing with the performance of WECs with different principle of
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operation, in which the differences in their performance have shown to be larger than in
the present study. This is due, to a certain extent, to the fact that each type technology is
likely to be more adapted to operate in a specific range of wave conditions and therefore
the performance varies more abruptly with the location selected. Therefore, and given
the results obtained in the present study, the selection of the most appropriate WEC-site
combination proposed in this work requires an exhaustive cost analysis, which is out of

the scope of this work.

All in all, the results show the importance of implementing specific procedures for wave
resource analysis allowing the accurate computation of different intra-annual
performance parameters leading to an informed decision-making when installing a wave
farm in a region. At the present time WEDGE-p® tool is only available for the Galician
coast; however, it could be developed and implemented to any other coastal region
where long-term offshore wave data are available. In future work, the tool is expected to

be extended throughout the Atlantic Region of Europe.
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List of symbols and abbreviations
WEC wave energy converter
ICZM integrated coastal zone management

WEDGE-p  Wave Energy Diagram Generator — performance

OTD overtopping device

owcC oscillating water column

WAB wave activated body

GIS geographic information system
P power output

Hmo spectral significant wave height
Te wave energy period

Om mean wave direction

SWAN Simulating Waves Nearshore

N wave action density
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propagation velocity in the o- space

source term

generation by wind source term

triad wave-wave interaction source term

quadruplet wave-wave interaction source term

whitecapping source term

bottom friction source term

wave breaking source term

energy production

power output of a specific bin as provided by the power matrix
occurrence of a bin as provided by the characterization matrix
capacity factor

rated power

number of hours

capture width
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Figure captions

Figure 1. Spatial distribution of the marine uses and protected environmental zones
within the coastal area of study (NW Spain) pinpointing the locations of the selected

sites (Points A, B and C) of interest for installing a wave farm.

Figure 2. Power matrices a) Aquabuoy, b) Bref-HB and c) F2-HB, expressed in terms of
power output (kW) for the different wave conditions (intervals of significant wave

height, Hmo, and energy period, Te).

Figure 3. Bathymetric configuration of the study area as interpolated into the numerical

grid.

Figure 4. Omnidirectional annual wave resource characterization matrices at the
offshore buoy location and at Points A, B and C (resolution 0.5 s x 0.5 m). [The

numbers represent the occurrence expressed in hours in an average year; the isolines,
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the wave power; and the colour scale, the total energy provided by each energy bin in an

average year.]

Figure 5. Wave resource characterization matrices of January and July at Points A, B

and C (resolution 1 s x 0.5 m)

Figure 6. Monthly energy production, Eo, (above) and capacity factor, Cs, (below) for

the different WECSs considered at Point A.

Figure 7. Monthly energy production, Eo, (above) and capacity factor, Cs, (below) for

the different WECS considered at Point B.

Figure 8. Monthly energy production, E, (above) and capacity factor, Cs, (below) for

the different WECS considered at Point C.

Figure 9. Monthly capture width, CW, (above) and capture width ratio, CWR, (below)

for the different WECs considered at Point A.

Figure 10. Monthly capture width, CW, (above) and capture width ratio, CWR, (below)

for the different WECs considered at Point B.

Figure 11. Monthly capture width, CW, (above) and capture width ratio, CWR, (below)

for the different WECs considered at Point C.
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Table 1

Table 1. Characteristics of WECSs selected

WEC Complete WEC designation Pr (kW) Recommended depth (m)
Aquabuoy Aquabuoy 250 50-100
Bref-HB Small bottom-referenced heaving buoy 15 40-100
F-2HB Floating two-body heaving converter 1000 50-100




Table 2

Table 2. Type and characteristic dimension, B [m], of WECs selected

WEC Type of WEC Dimension B [m] Ref.
Aquabuoy Floating heaving device Diameter of floating body 6 [22]
Bref-HB Bottom-fixed heaving device Diameter of floating body 3 [21]
F-2HB Floating heaving device Diameter of floating body 20 [21]




Figure 1

Y Coordinate (m)

4810000 4825000

4795000

EEEEEE Short Sea Shipping

oo Ferry routes

:I Fishing ground

[ ] stock shellfish

:I Mussel cultivation on rafts
Special protection areas for birds (SPAB)

Ria de A Corufia
Ria de Betanzos

1

Sites of community importance (SCIs)

(@) Study sites

1

T

Bathymetry (m)
<=20
20-30
30-50

50 - 100
> 100

Atlantic Ocean

I I

515000

530000

545000

X Coordinate (m)

560000

575000 590000



Figure 2

H,o (M)

H,o (M)

i ()

o

142 142 142

152 144 126

L L L L L L L L L
6 8 10 12 14 16 18

D

88 86 82 76 73 68 -
64

Lo

574 472 - - -
577 -- o
501 503 396 -
603 456 397 311

o
551 536 531 473=

610




Figure 3

i Depth (m
4.88 =10 T T T T T T T p_t )
4.86 E ..
4.84 1
= -100
482 | -
E -150
2
£ 48 -1
=
2 -200
4.78 .
-250
4.76 1
474 i -300
4.72 1 1 1 1 1 1 1 350
4.2 4.4 4.6 4.8 5 52 5.4 5.6 58

Easting (m) % 10°



Figure 4
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