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H I G H L I G H T S  

• Desalination plants energy demand are supplied by wave energy farms. 
• Performance indicators were stablished for analising wave energy converters. 
• Different wave technologies and desalination plants have been used. 
• A parametrization for this indicators is done in order to extrapolate to any plant.  
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A B S T R A C T   

This research work addresses the challenge of supplying desalination plants with electricity from waves. The vast 
majority of desalination plants are located in coastal areas, making wave energy a potential and viable 
cornerstone for the desalination sector. A series of performance indicators, such as freshwater production per sea 
covered area, are established and used in this study to evaluate different wave energy converters (WECs). An-
alyses of the performance of wave farms are undertaken. Some of the indicators are parameterized with the 
intention of extrapolating the results to other desalination plants, using the specific energy consumption of the 
desalination plant or the sea surface area covered by WECs. The study is developed for mid-range wave climates, 
comparing two zones with different sea conditions in order to establish correlations. The Canary Islands (Spain), 
where more than 600,000 m3 of desalinated water are produced each day, is the selected scenario. Results show 
that no correlation could be established between the wave resource and WEC output and confirm the need to 
simultaneously analyze the wave resource and the behavior of each technology in the selected marine area. It is 
also found that higher wave energy potential does not necessarily lead to higher energy production. Results also 
show that WECs can supply an important percentage of the desalination plant electricity demand and wave farm 
configurations have more similarities than single devices in terms of technologies.   

1. Introduction 

In the transition towards more sustainable energy production, ma-
rine renewable energies are a key factor in coastal regions [1–4]. This 
situation is accentuated in regions whose waters isolate the territory 
(limiting electrical grid interconnections), such as islands [5,6]. 
Offshore wind power technologies are currently playing a major role in 
this transition [7–10], but wave technologies have an even greater po-
tential in areas where the wave resource is more concentrated and 
continuous compared to wind energy [11]. 

The location of marine technologies close to the coast makes it 
essential to have nearby facilities whose energy demand can be met by 

such technologies. In this regard, many of the more than 2200 inhabited 
islands in the European Union [12] have undergone a transformation in 
recent decades in how they obtain their water resources [13]. This 
transformation includes the implementation of desalination plants 
(mainly reverse osmosis technology) whose electricity consumption 
often figures high in the island electricity mix [14–16]. To date, many 
reviews on the application of renewable energies to desalination pro-
cesses have been carried out [17–21]. This subject is so relevant that the 
Desalination Journal published a special issue in 2018 that included 25 
peer reviews papers [22]. In most reviews, wave energy was mentioned 
as a possibility to supply desalination plants, but it is not until 2021 
when a review work placed this resource as a serious alternative to 
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supply desalination plants [23]. 
This work focuses on the Canary Islands (Spain), a worldwide 

benchmark location for desalination plants [24]. The objective is to 
analyze the possible implementation of wave power to meet the elec-
tricity demand of desalination plants. To do so, performance indicators 
were developed that consider the adaptability of wave energy converters 
(WECs) to desalination plants depending on the wave resource, the 
required sea surface area, the percentage of desalination plant energy 
demand coverage, and the energy density, among others. 

In terms of the wave resource, areas with the highest mean wave 
power density were initially considered the most suitable for WEC 
implementation, but the temporal variability of the wave resource was 
not taken into consideration [25]. However, assessments based on 
shorter periods (monthly or seasonal) provided valuable insights into 
this temporal variation [26,27]. Recent studies have shown that inter- 
annual fluctuations can be significant and must be taken into consid-
eration when selecting the area for WEC installation [28,29]. Both short- 
and long-term variability of the resource play an important role in the 
financial returns of wave energy farms. It should also be noted that long- 
term data series are vital for the accuracy of an analysis. When variations 
in wave resources have been analyzed, most cases have adopted the 
recommendation of the World Meteorological Organization and used 
30–40 years of data to obtain a reliable estimation of the wave climate 
[30]. From a general perspective, the works carried out by researchers in 
the wave sector can be classified into two strands: one analyzing the 
wave resource and its long-term inter- and intra-annual variabilities, 
and the other focusing on WECs and how they can be affected by the 
wave resource over short periods of time. This work combines both 
analysis and demonstrate that this combination is able to achieve results 
that are more accurate. For this reason, in this study, the wave resource 
is analyzed in series exceeding 20 years and an intra-annual analysis at 
monthly level is also carried out with the aim of observing the adapt-
ability of WECs to desalination plants in a detailed way. The longer the 
period of historical data, the better the understanding of the resource, 
and more precisely the future resource can be predicted [27]. In such 
situations, while the configuration of WECs or WEC farms using scatter 
diagrams is based on past resource data, it can potentially be optimized 
in view of potential changes in the wave energy resource [31]. The 
present study does not suffer the problem of the non-availability of an 
extensive database [32], a problem that is exacerbated if two locations 
are to be compared (as an example the work of Kamranzad et al., in 2017 
which analyzes 25 years of data [33]). 

As regards WECs, while it is true that this technology is not yet 
mature, a wide variety of devices are currently being developed with the 
aim of harnessing the energy of the waves to produce electricity [34]. In 
this regard, it has been confirmed that there is no single WEC that pre-
sents the best performance globally [35]. As an example, in the afore-
mentioned study [35], the energy production of the WaveStar WEC was 
found to be comparatively lower than that of the Wave Dragon and 
Oyster WECs, whereas another study found the WaveStar to be the most 
versatile of 6 WECs on the Greek coasts [36]. 

The above research studies only considered a single WEC and did not 
validate the effect of wave resource variations for wave farms. For this, it 
is necessary to take into account wake effects in array configurations. In 
one of the first studies to show these effects on different farms situated 
off the Calabrian coast, it was confirmed that such an analysis was 
important to find the optimal WEC and preserve the wave energy pro-
duction level [37]. The vast majority of the desalination plants installed 
in the Canary Islands have an installed power that needs to be covered 
by more than one WEC. This work therefore focuses on wave farms 
located in the Atlantic Ocean (latitude: 28◦ 17′ 29.6340” N and longi-
tude: 16◦ 37′ 44.8644” W coordinates), where the local characteristics of 
wave height and period differ greatly from the Aegean Sea or the 
Calabrian coast. 

In the literature search that was conducted on the integration of 
wave energy with desalination plants, very few studies were found and 

only considering operation with a single WEC and very small desalina-
tion units [38–41]. The freshwater production that were considered 
ranged from laboratory scale [21], through 1.1 m3/day with the Del-
buoy device [42] and 10 m3/day with an oscillating water column 
(OWC) device in India [43], to 300 m3/day using the inertial sea wave 
energy converter (ISWEC) developed in Italy [44]. Only the Perth wave 
energy project installed an array of three fully submerged buoys, sup-
plying water and electricity to the Garden Island naval base (Australia) 
and reaching 150 m3/day [45]. The study done in 2016 by Franzitta 
et al., in Pantelleria (Sicily) with 51 WECs of the same DEIM point 
absorber (at development stage) to supply the total capacity of 3621.8 
m3/day of two desalination plants, incorporates the concept of big scale 
wave farm [46,47]. Therefore, to our knowledge, only one work has 
been carried out considering large size desalination plants and using 
farms with a considerable number of WECs with high maturity level 
[48]. Nonetheless, the promising results obtained in that study have 
opened the way for further research on the possibility of making wave 
energy a cornerstone in the penetration of renewable energy in desali-
nation plants situated near the coast. Other modeling and simulation 
studies that are based on analyzing the possibility to supply desalination 
plants with sea-water directly pressurized by the WECs (eliminating the 
cost and energy losses associated to electricity conversion) [49]; solve 
the concentration variation in the polarization layer in wave powered 
reverse osmosis [50]; or compare a wave energy-powered and wind- 
powered modular desalination system [51], confirm this possibility. 

This work undertakes an inter-annual (multi-decadal) and intra- 
annual (monthly) study of two marine areas whose wave resources 
differ throughout the year with the intention of evaluating the behavior 
of four WECs that are at a high developmental stage. The aim is to 
determine whether the variation in WEC energy production depends 
more on the conditions of the marine area or on the device itself and how 
this variation affects desalination plant energy demand coverage. 

The desalination plants selected use reverse osmosis (RO), the 
leading technology in the desalination market [19]. This technology has 
the advantage of modularity and scalability, as well as lower electricity 
consumption compared to thermal desalination systems. RO systems 
present a good and constant performance under continuous flow rate 
and feed pressure but the introduction of variable renewable energy 
sources poses challenging problems in this respect [52]. However, and 
although several authors have worked on renewable systems to supply 
RO plants operating under variable pressure and flow rate conditions 
[53], the advantage of wave energy within renewables is its better 
predictability and greater adaptability compared to other RE sources, 
ensuring less disruptive transmission [54]. 

In order to integrate all the factors discussed above, this work con-
siders two pilot areas located in the northern and eastern coastal regions 
of Gran Canaria (Canary Islands, Spain). As they are in different areas, 
there are important differences in the behavior of the wave resource and 
the intra- and inter-annual variability. With this in mind, the objective is 
to analyze the performance of different WECs with high levels of tech-
nological maturity in order to select the optimal configuration of wave 
farms for two large size desalination plants situated near the selected 
pilot areas (two locations that are very different in terms of wave 
resource). A number of performance indicators are also identified and 
developed with the aim of facilitating the introduction of WEC tech-
nologies in the electricity coverage of desalination plants. 

This work additionally aims to contribute to the implementation of 
wave energy in the energy mix of many regions in a short time period as 
possible. Climate change and its impact on coastal structures have been 
confirmed by several authors [42–44], and the application of WECs can 
not only contribute to mitigating climate change but also act as a 
possible protector of coastal areas [55–62]. 
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2. Methodology 

2.1. Pilot area selection 

In order to carry out a realistic analysis and comparison, the first step 
is to find two coastal sea areas, close to which a large size RO desali-
nation plant is contemplated or already in operation and whose wave 
resource differs in its main parameters (including, among others, sig-
nificant wave height, peak wave period and wave power). In addition, 
all types of restrictions with respect to the sea area where the WECs 
would be installed have to be taken into account. Such restrictions may 
be due to the need for environmental protection (marine/land habitats, 
protected species, etc.), but can include other constraints such as sub-
marine cable deployment, maritime routes, military areas, bathing 
areas, ports, etc., as well as technical restrictions such as bathymetric 
and seabed conditions. 

2.2. Wave resource data acquisition and processing 

An assessment of the wave energy resource is required to determine 
whether particular areas have highly diverse sea states. Data selection is 
vital for such an evaluation. As mentioned, long-term data series of over 
20 years are highly recommended for interannual analyses. In the 
absence of equipment that provides real data (such as buoys), satellite 
data or resource maps are strongly recommended when looking for this 
type of data series. 

In any research it is key to determine which kind of long series data 
are available. Within the Canary islands two types of series data are 
available: hindcasted data series (SIMAR) and bouys. The longest and 
widest available data are the time series of wave parameters from the 
coastal atlas of Spain called SIMAR points, provided by the Spanish Ports 
Authority (for more detailed information, please refer to Appendix A) 
[63]. These are modelled data that are available for a 61 year interval, 
up to 2018, with a frequency of 1 h. The buoys network (called REDCOS) 
includes several buoys with data available for a 26 year period, ending 
also in 2018 and with the same hourly frequency. This dataset has been 
validated by Losada et al., [64] and used by several authors [65–68] for 
other studies. 

2.3. Simulation and processing tool 

The R program, a language and environment for statistical 
computing and graphics, was used to process the dataset. R provides a 
wide variety of statistical (linear and nonlinear modeling, classical sta-
tistical tests, time-series analysis, classification, clustering, etc.) and 
graphical techniques, and is highly extensible [69]. Inside the program, 
the ggplot2 package was used as it contains the geom_density function 
designed to plot a smooth density estimate [70,71]. Using these features, 
we worked with the SIMAR and REDCOS datasets to evaluate the wave 
resource, obtaining scatter diagrams and other calculations such as 
seasonal wave direction frequency, wave power flux and mean monthly 
wave parameters conditions. 

2.4. Wave energy converter selection 

Many of the proposals for WECs have been abandoned, principally 
due to the scarcity of economic resources and subsidies that are needed 
to develop this technology on a commercial scale. The present research 
study focuses on devices of each classification range that currently have 
the highest technology readiness level (TRL). The overtopping Wave 
Dragon and the attenuating technologies of Wavepiston and Weptos 
were selected for this study due to their technological maturity (TRL 
values of 6 and 7 out of 9, implying the WEC prototype demonstration in 
a relevant environment). More information about these devices as their 
classification category and some technical information (company, 
location, water depth installation, generator capacity and TRL) can be 

found in Table 1 and in previous works from the authors [48]. 

2.5. Wave farm array configuration and energy production 

When working with different areas, a fixed reference surface area 
will help for comparison purposes. In this case, and taking into consid-
eration all environmental and technical restrictions in the selected pilot 
areas, a sea surface area of 8 km2 was used as reference area. In addition, 
bathymetric conditions also need to be taken into account. In this case, a 
value of 200 m was selected as this has been used as the maximum depth 
in the general classification of typical WEC devices [26]. In addition, at 
greater depths the mooring system of the floating devices tends to be 
complex and difficult to install. A recent study confirmed that specific 
solutions are needed because conventional mooring configurations often 
do not provide suitable station keeping options [72]. 

In terms of WEC sizes or models, differences between wave climates 
of different areas favour the use of one or two sizes. In this case study, in 
order to make a comparison, the selected configurations and sizes 
correspond to the standard models that the companies of each tech-
nology have, using within these standards, those that are considered to 
have a better adaptability in the two studied areas based on the criteria 
of the converter developers. The 1.5 MW and 4 MW WaveDragon 
(W–D) could be used. Theoretically, the 1.5 MW version should adapt 
better to a lower wave climate decreasing its efficiency with long period 
waves [73]]. The same principle applies to Wavepiston WECs. Two 
device sizes were simulated (one with an arrangement of 32 energy 
collectors (ECs) and the other with 50 ECs). The Weptos technology is 
modular and flexible, and so lends itself to scalability according to the 
wave climate, adapting the WEC to the reference area and achieving 
greater performance [74]. Making use of the laboratory scale, several 
sizes were tested using the Froude scaling law [54]. Scales 40/1 and 50/ 
1 with 4 MW and 6 MW generator simulations were performed for both 
pilot areas, resulting in the selection of a 50/1 Weptos with a 4 MW 
generator as the optimum size for both pilot zones in terms of the ca-
pacity factor. Table 2 shows the dimensions of all the devices selected for 
this study. 

The next step is to configure the farm arrays. The key factors are the 
hydrodynamic interactions of the WECs, in terms of both near and far 
field effects [75]. Numerous investigations have been made in this re-
gard. A detailed and chronological summary of these studies has been 
done in a previous work carried out by the authors [48]. Therefore, very 
few studies have considered the distance necessary for wave recovery 
between two aligned WECs. Because of all this, inter-distances (lateral 
and longitudinal) between WECs used in this study is based on the 
guidelines and technical specifications suggested by the WEC de-
velopers. These recommendations should allow q-factor values really 
close to 1 (defined q-factor as the ratio between the power output of an 
array on N units and the power output of N isolated units [37]), guar-
anteeing the technical and safety viability of the farms. One work on the 
overtopping Wave Dragon reported that at 3 km from the first row to the 
second one aligned to it (that is, the third staggered row in the wave 
farm) the incident wave power should be approximately equal [73,76]. 
In terms of Weptos, it is expected that each converter will have a watch 
circle with a diameter of roughly 1890 m [77]. In both cases, surface 
area and/or bathymetric limitations prevent placing a third and second 
row, respectively. As far as Wavepiston is concerned, the longitudinal 
extension of its devices prevents the placement of a second row, so the 
farm is configured by deploying the WECs parallel to each other and 
perpendicular to the predominant wave direction [74]. Table 2 also 
showed lateral and longitudinal distances established between each 
WEC in the corresponding wave farm array configuration. 

Energy production was calculated using the power matrixes of each 
WEC provided by the technology developers (which relate power gen-
eration to a given sea state condition as defined by Hs and Tp). The 
product of the power matrix with the scatter diagram of the pilot area 
(which shows the probability of occurrence of the different sea states 
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represented by the bivariate distribution of Hs and Tp) gives the energy 
production [73,74,77]. It should be noted that the effect of wave di-
rection has not been taken into account in the calculations. Both Wave 
Dragon and Weptos WECs are not significantly affected by this param-
eter, but this is not the case of Wavepiston since it is a direction- 
dependent WEC. Therefore, in areas where the dispersion in the direc-
tion of the resource is important, the annual energy production may be 
slightly overestimated. 

2.6. Performance indicators 

In order to evaluate the adaptability, electricity coverage, stability 
and efficiency of wave farms coupled to desalination plants, a series of 
performance indicators were defined and estimated. The first indicator, 
the WEC-resource pairing parameter, indicates the adaptability of the 
different WECs to the wave resource available in the coastal area where 
the desalination plant is located. This parameter greatly affects the ef-
ficiency and stability of electricity production. 

Once the adaptability of the WEC to the resource and its corre-
sponding electricity production has been found, the percentage of 
desalination plant electricity demand coverage can be estimated. This 
second indicator not only quantifies but also aims to analyze the stability 
of the wave farm in terms of electricity production with respect to the 
possible energy peaks and troughs of the desalination system. 

Other important indicators when deciding the best wave farm are 
based on the surface area available for possible deployment. Once an 
area has been determined that complies with environmental and other 
restrictions, the technical parameters of each WEC technology, such as 
its minimum and maximum bathymetry, its inter-WEC spacing (both 

lateral and longitudinal distances) and its safety distances must be taken 
into account. These parameters will determine the surface area occupied 
by the corresponding WEC technology. 

Supported by the parameters set out in subsection 2.5, the energy 
density indicator is predefined with the intention of evaluating which 
farm provides the highest annual energy production per occupied square 
meter. Also, as the wave resource is typically considered to be a linear 
resource and is defined by the length of the wave farm, another metric 
shows the farms energy production per meter of wave length. 

Likewise, and for the specific case of coupling with desalination 
plants, the final indicator shows the surface area occupied by each WEC 
technology to obtain one cubic meter of freshwater. 

3. Study cases and pilot areas selection 

The island of Gran Canaria is part of the Canary archipelago. These 
islands constitute one of the outermost regions of the European territory 
and, consequently, highlight the high dependence on water and energy 
from external territories required to satisfy their own needs [24]. 
However, these particular islands are characterized by having very 
favorable endogenous conditions for the implantation of renewable 
technologies (high average wind speeds, high solar radiation) [81–85]. 
The energy policies that have been established contemplate a sustain-
able and fruitful transition to the goals set for 2030 and 2050 [86,87]. 
Surrounded by the Atlantic Ocean, wave energy has a place in this new 
scenario. Several studies conducted on the islands in relation to the wave 
resource corroborate this [67,88–90]. In addition, along the Canary 
coast there are a large number of desalination plants which can poten-
tially benefit directly from this resource [48,68]. Following the steps 

Table 1 
Wave energy converter selection.   

Company Type Location Depth (m) Capacity (MW) TRL 

Wave Dragon Wave Dragon Ltd Overtopping Offshore > 30 1.5; 4; 7 and 12 7 
Wavepiston Wavepiston Attenuator Offshore 20–100 0.1–0.4 6/7 
Weptos Weptos A/S Attenuator Offshore 40–80 4–6 6  

Table 2 
Wave energy converter dimensions and farms configurations.  

WEC Width [m] Length [m] Height [m] Picture Ref [78–80] 

Wave Dragon [1.5 MW] 152 96 12 
Wave Dragon [4 MW] 230 150 16 

Wavepiston [32 EC] 9 240a 4 
Wavepiston [50 EC] 9 370a 4 

Weptos 12 472.5 10 

Wave farm configurations 

WEC Array configuration Lateral distance [meters] Longitudinal distance [meters] Picture 

Wave Dragon [1.5 MW] Staggered 304 130 
Wave Dragon [4 MW] Staggered 460 130 

Wavepiston [32 EC] Aligned 60 N.A 
Wavepiston [50 EC] Aligned 60 N.A 

Weptos Staggered 945 945 

a In the case of Wavepiston, the length of the device is understood as the length assuming the set of energy collectors. Each energy collector (EC) is 4 m long. 
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described in the methodology (Section 2.1), two pilot areas (north and 
east of the island), which show a remarkable difference in terms of wave 
resource (the north area doubles the potential of the east one), were 
selected. In both cases, none of the environmental or technical con-
straints are compromised, being areas available for the installation of 
this type of marine renewable and next to a large reverse osmosis 
desalination plant in operating. Fig. 1 shows the selected pilot areas in a 
map of Gran Canaria. 

3.1. Arucas-Moya pilot area 

The Arucas-Moya (A-M) region is located in the north of Gran 
Canaria. It is characterized by having the highest wave power of the 
entire island (annual average of 19.3 kW/m). The terrestrial perimeter 
of the selected coast has scattered settlements in small villages, some 
agriculture areas and a desalination plant. Plant size is average in 
relation to the other desalination plants located throughout the island. 

With a desalination capacity of 15,000 m3/day, the plant employs 
the RO process. Its specific consumption (3.84 kWh/m3 for desalination 
and 4.20 kWh/m3 for desalination and initial pumping distribution) 
results in an electricity demand of 19 GWh/year. In the simulation, the 
WEC farm is installed in the neighbouring waters [91]. 

The analyzed area is 8 km2, with a bathymetric range between 20 
and 200 m. However, the depths in the vast majority of the area exceed 
50 m. The seabed is mostly rocky block-type substrate, although sedi-
mentary substrate like sand is also found [92]. 

To study the wave resource, the 4,035,011 SIMAR point has been 
selected since it is close to this pilot area. The depth of seabed at this 
SIMAR point (50 m) is similar to the average depth of the pilot area. 

3.2. PLOCAN pilot area 

The oceanic platform of the Canary Islands (PLOCAN) is located east 
of the island of Gran Canaria. In this location, the wave resource is much 

lower (annual average of 5.6 kW/m). However, this public domain 
marine area provides the scientific, institutional and business commu-
nity with unique opportunities to support deep sea activities with suf-
ficient environmental guarantees and within a stable regulated 
framework [93]. The marine test site covers the same size area as the A- 
M pilot area (8 km2) and the maximum depth is 200 m. The predominant 
substrate is sand (94.2%) [94]. 

As there are two water treatment plants near the test area (a desa-
lination plant and a wastewater treatment plant, last one with a specific 
consumption of 1.7 kWh/m3), as well as a shopping center, the electrical 
connection possibilities are very favorable [93]. The seawater RO 
desalination plant (Las Palmas III), with a capacity of 65,000 m3/day 
[95], is responsible for supplying potable water to around 500,000 
people [96]. The energy demand in 2019 amounted to 91,037 MWh 
[97], resulting in a specific consumption of about 3.84 kWh/m3. 

To study the wave resource in this pilot area, the Triaxys buoy 
(REDCOS point 1414) at 30 m depth was selected. 

4. Results 

This section presents the results of the research applied to the 
practical case of the island of Gran Canaria, once the pilot areas have 
been selected in Section 3. It starts with a detailed analysis of the wave 
resource in both pilot areas, ending with an analysis of the performance 
indicators proposed in Section 2.6. 

4.1. Wave energy resource 

4.1.1. Arucas-Moya pilot area 
Fig. 2 shows the scatter diagrams of (a) the mean annual peak wave 

period (Tp) vs. significant wave height (Hs) values for the selected 
SIMAR as well as the same mean values for the two months (June (b) and 
January (c)) with the most extreme values. As can be observed, the wave 
resource distribution varies considerably between the two months. As a 

Fig. 1. Selected pilot areas.  

B. Del Río-Gamero et al.                                                                                                                                                                                                                      



Desalination 525 (2022) 115479

6

first observation, the probability of keeping a sea state with a higher 
degree of constancy is 69.35% higher in the month of June than in 
January. However, significant wave height and peak wave period show 
lower values in June. Since wave energy potential (wave power) de-
pends to a large extent on both parameters (Hs and Tp) [98], it was 
therefore decided to undertake an in-depth analysis of intra-annual 
variability to facilitate the understanding of the wave pattern and the 
optimization of the wave farm configuration. Table 3 shows the mean 

values of Hs, Tp, main wave direction and wave power (P) for each 
month calculated with Eq. (1) where g is the gravitational acceleration 
(9.81 m/s2), ρ the seawater density (~1.027 kg/m3) and Te is the energy 
period which has been calculated from the peak period of the dataset 
assuming the Jonswap spectra (Tp = 1.12 Te) [99]. 

P [kW/m] =
ρg2

64π TeH2
s (1)  

In the specific case of the north of Gran Canaria, the maximum variation 
between heights is 33%, while in the case of the peak period parameter 
this value is 52%. This situation indicates the degree of importance of 
local weather conditions such as wind strength in the generation of the 
wave resource. The greatest wave energy potential is found in the winter 
season (December, January and February) which is in line with the 
highest Hs and Tp values (see Table 3). These values are due to swell 
(defined as 10 s or more of wave peak period) originating a highly en-
ergetic wave environment. In contrast, the months with the lowest wave 
energy potential are the summer months of June, July, August and 
September. During this season, the island's weather is characterized by 
the presence of the trade winds, the permanent east-to-west prevailing 
winds that flow in the Earth's equatorial region (between 30◦N and 30◦S 
latitudes). In the Canary Islands, the trade winds follow a diurnal pattern 
similar to that of the sea breeze. They are characterized by having a 
higher wind intensity during the warmest hours and in the afternoon, 

Fig. 2. Scatter diagrams showing the mean annual a) and mean June b) and January c) peak wave period (Tp) vs. significant wave height (Hs) values in the Aruca- 
Moya pilot area. The sidebar shows the colour scale for the probability of occurrence in percentage (%). 

Table 3 
Monthly wave energy conditions and wave power in the Arucas-Moya pilot area.  

Month Significant wave 
height [m] 

Peak wave 
period [s] 

Main wave 
direction [o] 

Wave power 
[kW/m] 

January  1.696  11.551  247.415  19.019 
February  1.723  11.045  221.420  18.583 
March  1.762  10.763  212.367  17.804 
April  1.648  9.742  182.885  14.017 
May  1.488  8.992  152.507  10.247 
June  1.344  8.038  104.163  7.225 
July  1.588  7.588  36.689  9.483 
August  1.500  7.734  49.810  8.544 
September  1.323  8.959  141.312  8.034 
October  1.470  10.307  223.580  12.400 
November  1.623  10.661  211.207  15.882 
December  1.663  11.238  224.062  17.983  
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increasing in intensity during the summer period. 
Using a 10 s period as an approximate point of separation between 

wind-wave and swell [100], it can be argued that the wave peak period 
in summer, and part of spring, is being originated by wind (see Appendix 
B). This distribution again shows the seasonality of the wave resource in 
the north part of the island. During the winter, direct swell from the 
Atlantic Ocean leads the wave pattern (that comes from propagating 
over thousands of kilometers across entire ocean), while in summer the 
geographical disposition of this coast does not favour the trade winds, 
thus it is not possible to maintain the balance in the energy potential 
throughout the year. 

This situation should be a priority when selecting the WEC, since the 
technology must take advantage of the wave resource throughout the 
year. Greater adaptability to a wide range of sea states will guarantee 
higher energy production. 

A seasonal evaluation of the wave resource including the wave di-
rection is shown in Fig. 3. The predominant direction of the waves varies 
considerably from winter to summer. The wave resource is not unidi-
rectional. Although in summer it remains more constant, coming from 
the northeast and matching the trade winds (carrying less wave energy 
potential). In contrast, in winter, influenced by swell waves of the 
Atlantic with a more energetic wave, the main wave direction is the 
northwest. In spring and autumn, a combination of the prevailing winter 
and summer wave directions can be observed, although the wave energy 
potential in autumn is slightly higher due to a greater swell influence 
than in spring. 

4.1.2. PLOCAN pilot area 
Although located in the same island, the wave resource in the PLO-

CAN pilot area differs greatly from the one in Arucas-Moya area 
(approximately 130% less than the annual mean wave energy potential 
in the northern zone). In this case, the most extreme months of the year 
are October and February. Fig. 4 shows the scatter diagrams of the (a) 
mean annual peak wave period (Tp) vs. significant wave height (Hs) 
values for the REDCOS point and the same values for the two most 
extreme months (October (b) and February (c)). 

In this area, a greater variation occurs in the significant wave height 
while the peak wave period remains much more constant. Table 4 shows 

the mean values of these parameters and of the wave direction and wave 
power for each month of the year. It can be seen that the months with the 
highest wave energy potential are February, July and March, but with no 
significant differences. Therefore, in this case, seasonality is not present. 
Likewise, there is no contribution from swell (above 10 s of wave peak 
period), and hence it has a less energetic wave. 

It should also be noted how the influence of the trade winds is all 
year round on the east coast of the island, with wind-swell (under 10 s of 
peak wave period) as opposed to swell observed most of the time. This is 
due to the shadow of the island itself impeding the swell contribution 
while, at the same time, the orientation of the site coincides with the 
main direction of the trade winds. 

This whole situation contributes to the fact that the seasonal wave 
resource study shows a low but relatively constant wave energy poten-
tial is obtained throughout all the seasons (matching the trade winds) as 
shown in Fig. 5. Thus, there is no appreciable seasonal variation. Like-
wise, the direction of the resource is practically constant (from the 
northeast) throughout the year. 

This unidirectionality in the wave direction, strengthens the instal-
lation of direction-dependent WECs, which can also cover a narrow 
bandwidth in terms of sea states due to the homogeneity of the resource 
on an annual basis. 

The differences between the wave climates on both coasts points out 
at the possibility that the WECs may behave differently in each pilot 
zone. Although the Arucas-Moya area shows a higher energy potential, 
its higher seasonal variation may appear as a weakness when it comes to 
taking advantage of that energy. Likewise, the east coast within the 
PLOCAN area shows a lower resource, which, even though it is uniform 
(it shows a 69% greater probability of reproducing the same sea states 
during the year), may be insufficient to produce the electricity needed to 
cover the desalination plant electricity demand. The wave resource 
analysis outlines some indications, highlighting the clear need to carry 
out a WEC-resource pairing assessment for each technology for a suit-
able selection. 

Finally, in terms of inter-annual variations, analyzing the period 
1992–2018 in both areas it can be seen that there is no progressive in-
crease in the mean Hs, mean Tp or maximum Hs parameters over time. 
There is also no correlation in the variation of the parameters (the Hs 

Fig. 3. Seasonal wave direction frequency and wave power flux in the Arucas-Moya pilot area.  
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and Tp do not vary in a similar way). In both areas, the most noticeable 
annual variation occurs in the maximum Hs data (with a variation of 
68% between 2012 and 2013 in Arucas-Moya and 48% between 1992 
and 1993 in PLOCAN). This parameter is followed by the variations in 
mean Hs with a maximum difference of 22% in PLOCAN and 10% in 
Arucas-Moya and the mean Tp with variations of 7–10% in both zones. 
The data used for this evaluation are included in Appendix C. The multi- 
decadal study showed no significant variations over the years that could 

lead to long-term under-dimensioning of a WEC farm in either area 
(Table 5). 

In terms of the maximum significant wave height, the percentage of 
variation does not exceed 25% in either pilot area. The A-M pilot area 
has a more pronounced inter-decadal variation in the peak wave period 
parameter, while the PLOCAN area shows a higher rate of variation in 
the significant wave height parameter, although in both cases the vari-
ation is below 12%. 

4.2. Wave farm array configuration and electricity production 

The maximum number of WECs per farm was determined on the 
basis of the dimensions of the WEC and the required inter-space dis-
tances (explained in the methodology section), obtaining the following 
results:  

• 1.5 MW WaveDragon: eight WECs in the first row and seven in the 
second.  

• 4 MW WaveDragon: five WECs in the first row and five in the second.  
• 32/50 EC Wavepiston: fifty WECs in a single row.  
• Weptos: three WECs (50/1 with a 4 MW generator) in a single row. 

Table 6 summarizes the electricity produced by a single device, and 
the producible electricity in each farm using the maximum number of 
WECs that can be placed within the pilot areas. 

Fig. 4. Scatter diagrams showing the mean annual a) and mean October b) and February c) peak wave period (Tp) vs. significant wave height (Hs) values in the 
PLOCAN pilot area. The sidebar shows the colour scale for the probability of occurrence in percentage (%). 

Table 4 
Monthly wave energy conditions and wave energy potential in the PLOCAN pilot 
area.  

Month Significant wave 
height [m] 

Peak wave 
period [s] 

Main wave 
direction [o] 

Wave power 
[kW/m] 

January  1.172  8.994  − 73.7142  6.557 
February  1.236  8.651  − 71.8989  7.236 
March  1.187  8.767  − 72.4410  6.559 
April  1.624  8.100  − 72.1971  5.843 
May  1.110  7.698  − 73.4938  5.221 
June  1.143  7.111  − 73.3568  4.947 
July  1.393  7.279  − 70.8540  6.997 
August  1.129  7.128  − 70.5918  5.951 
September  1.043  7.386  − 73.5535  4.157 
October  0.950  8.410  − 71.1713  4.063 
November  1.178  8.867  − 73.1322  6.518 
December  1.102  8.912  − 72.6406  5.719  
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Table 6 shows important differences in the amount of electricity 
production among the different single devices. However, analyzing this 
relationship under the farm configuration, it can be observed that this 
production ratio begins to homogenize. Since the occupied surface is the 
same in all cases, the possibility of including a higher number of devices 
of the smaller technologies (which also show a lower single power), 

makes them competitive against the bigger ones (higher single power). 
Moreover, the different technologies differ also in the electricity pro-
duction, some of them are more productive in the northern part of the 
island, while other reach higher production values in the eastern area. 
This point confirms the hypothesis made in Section 4.1 (WECs may 
behave differently in each pilot zone) and highlights the need to develop 
performance indicators that speed up the optimization process to find 
out the most suitable technology for each zone/wave resource. 

4.3. Performance indicators 

The indicators explained in Section 2.6 were applied and evaluated 
in both pilot area locations. 

4.3.1. WEC-resource pairing 
The results for WEC and wave farm electricity production in Table 6 

show the mean annual values, but do not show the effects of the tem-
poral variability of wave energy on the power that can be supplied to the 
desalination plant. The WEC-resource pairing indicator is an important 
tool in this respect. A monthly study of the electricity production of each 
WEC was therefore carried out to verify the adaptability of each device 
and determine the most suitable type for each area. 

Fig. 6 shows the monthly wave farm electricity production for the A- 
M pilot area. As can be seen, the device with the highest electricity 

Fig. 5. Seasonal wave direction frequency and wave power flux in the PLOCAN pilot area.  

Table 5 
Multi-decadal study of significant wave height and wave peak period in the Arucas-Moya and PLOCAN pilot areas.  

Decade Arucas-Moya Decade PLOCAN 

Mean Hs (m) Mean Tp (s) Max Hs (m) Mean Hs (m) Mean Tp (s) Max Hs (m) 

1958–1968  1.59  9.59  6.07  
1968–1978  1.54  9.42  6.56 
1978–1988  1.56  9.59  5.29 
1988–1998  1.59  9.66  6.58 1992–2002 1.14 8.15 4.9 
1998–2008  1.58  9.74  5.81 2002–2012 1.12 8.05 4.4 
2008–2018  1.55  10.21  6.20 2012–2018 1.25 8.08 4.7  

Table 6 
WEC farm electricity production analysis.  

WEC Electricity 
production of a 
single device [MWh/ 
year] 

Max. number 
of WECs in the 
reference area 

Electricity 
production of wave 
farm [MWh/year] 

Arucas- 
Moya 

PLOCAN  Arucas- 
Moya 

PLOCAN 

WaveDragon 
(1.5 MW)  

2100  1503.4  15  31,500  22,551 

WaveDragon 
(4 MW)  

5311  2894.6  10  53,310  28,946 

Wavepiston 
(32 EC)  

545  634  50  27,250  31,700 

Wavepiston 
(50 EC)  

681.4  944.6  50  34,070  47,230 

Weptos  6015  3942  3  18,046  11,826  
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production in this area, and which also shows a generation profile 
similar to that of the wave resource throughout the year, is the 4 MW 
Wave-Dragon. However, the month with the highest wave resource 
(January) does not correspond to the month with the highest electricity 
production (March), which indicates that this device largely depends on 
wave height as its highest value (1.76 m) occurs in this latter month. 
This situation is confirmed again in the opposite case, where the lowest 
electricity production with this WEC occurs in the month with the lowest 
significant wave height, September (1.32 m). This is due to the config-
uration of the WEC, which has a ramp on its front face, which is the wave 
entrance. Behind the crest of the ramp there is a tank that storages the 
water that overtops the ramp. Energy is extracted as the water storage in 
the tank flows back to the sea through hydro turbines. The higher the 
waves are, the easier it is for the water mass to circulate through them. 
In the case of the overtopping 1.5 MW Wave-Dragon, its best scenario 
contemplates wave heights above 1.5 m and peak wave periods of 
around 7 and 8 s. Its optimal operation in smaller waves is due to the 
height of the ramp and of the device itself being lower than the 4 MW 
Wave-Dragon. 

In the case of Wavepiston, both configurations (32 and 50 EC) follow 
the same pattern, differing in the degree of electricity production by the 
number of collectors. However, the electricity profile produced is in 
complete contrast with that of the wave resource, confirming that not all 
WECs have an optimal point when they are located in an area with high 
wave energy potential. Lastly, the Weptos wave farm has a lower elec-
tricity production, but also has the advantage of a much more constant 
production throughout the year. In this respect, its stable behavior 
favourably matches the electricity demand of a desalination plant. 

This situation varies drastically if only one device of each technology 
is considered. It can be seen in Fig. 7 how the 4 MW Wave-Dragon and 
the Weptos devices lead electricity production, and although the Wave- 
Dragon device again maintains a behavior very similar to that of the 
wave resource, the Weptos device manages to contribute 13% more 
electricity over the course of the year. It is also clearly seen that a farm 

installation in the case of the Wavepiston device is completely necessary 
to allow a significant percentage of electricity to be supplied to the 
desalination plant. 

From the perspective of the PLOCAN scenario, Fig. 8 shows the 
performance of the selected WEC farms. In this case, the Wavepiston 50 
EC device heads the electricity production, followed at some distance by 
the Wave-Dragon 4 MW (contributing 55% less electricity). In addition, 
all the technologies tend to maintain a behavior similar to that of the 
wave resource. This is because the resource in this area is characterized 
by a narrow wave distribution climate which is characterized by low 
periods (which explains the high performance of the Wavepiston 
device). 

Furthermore, compared to the Arucas-Moya pilot area, which has a 
broader wave direction range, the main wave direction in the PLOCAN 
pilot area remains much more constant. Consequently, devices that 
depend on wave direction like Wavepiston (fixed anchored), and need to 
have their plates facing the wave crest, do not have an overestimation in 
the annual energy production calculations. Likewise, the increase in the 
capacity factor by 28% in Wavepiston 50 EC confirms that the energy 
extraction system of these devices adapts much better to the PLOCAN 
sea conditions than the Arucas-Moya pilot area. On the other hand, the 
dependency on wave direction of the electricity production of the 
Weptos and Wave-Dragon devices is negligible given their structural 
arrangement (modularity in the case of Weptos and deflectors in the case 
of Wave-Dragon) as well as their anchoring configurations. The main 
cause of the reduction in electricity generation is the better match to an 
area where the wave resource is more energetic (higher wave height and 
period values). 

Comparing both locations quantitatively at farm level, it can be 
confirmed that the devices that produce the highest amount of elec-
tricity in the northern pilot area (4 MW Wave-Dragon) reduces its 
electricity production by 83.5% when located in the eastern pilot area of 
the island; while the device that produces the highest amount of elec-
tricity in the PLOCAN area (Wavepiston 50 EC) reduces its electricity 

Fig. 6. Wave farm electricity production in the Arucas-Moya pilot area.  

Fig. 7. Single WEC device electricity production in the Arucas-Moya pilot area.  
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production by 16.3%. Therefore, devices designed for high wave po-
tentials may suffer a considerable loss of efficiency when operating in 
low energy sites. 

4.3.2. Electricity demand coverage 
The percentage of electricity demand coverage when the WEC sys-

tem is coupled with a desalination plant is the next indicator evaluated. 
Fig. 9 shows the behavior of each technology against the electricity 
demand of the two plants in the pilot areas. The Las Palmas III plant 
consumes approximately 5 times more electricity than the Arucas-Moya 

plant, and considering the same sea surface area to implement the farms, 
it is logical that the percentage of electricity coverage will differ 
considerably between the two areas. 

In the case of Las Palmas III none of the wave farms can meet the 
annual electricity demand (a consequence of the limited deployment 
area in comparison to the desalination plant size); the Wavepiston (50 
EC) WEC farm shows the highest electricity annual coverage (52%), 
although it never fully meets the demand for any month of the year. The 
opposite case is found in the north of the island, at the Arucas-Moya 
plant, where the only wave farm that is unable to meet the annual 

Fig. 8. Wave farm electricity production in the PLOCAN pilot area.  

Fig. 9. Monthly wave farm electricity production vs. desalination plant electricity demand in the Arucas-Moya and PLOCAN pilot areas. A) PLOCAN wave farm 
electricity production vs. Las Palmas III desalination plant electricity demand; B) Arucas-Moya wave farm electricity production vs. Arucas-Moya desalination plant 
electricity demand; C) Arucas-Moya electricity production needed by each farm vs. Arucas-Moya desalination plant electricity demand. 
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demand uses the Weptos technology (a consequence of the space needed 
for its deployment). In the other wave farm types, a considerable 
reduction in the number of devices (about half for each farm) would be 
possible while maintaining the certainty of covering the annual elec-
tricity demand of the desalination plant (Fig. 9-C). In this sense Arucas- 
Moya wave farms can be reduced from 15 to 10 WECs in 1.5 MW Wave 
Dragon; from 10 to 4 WECs in 4 MW Wave Dragon; and from 50 to 28 
WECs and 50 to 32 WECs in Wavepiston 50 EC and 32 EC respectively. 

Unlike the constant behavior of the electricity demand of the desa-
lination plant, wave energy, like the vast majority of renewable en-
ergies, displays fluctuations that have to be managed to ensure the 
electricity demand can always be met. Nonetheless, the degree of this 
variation is not the same for all devices. A monthly analysis shows that 
the energy coverage in percentage terms for most of the technologies 
show higher seasonal differences in the PLOCAN pilot zone than in the 
Arucas-Moya area. As shown in Fig. 9, the WEPTOS and Wave Dragon 
devices show less variations in percentage terms throughout the year at 
both sites and, thus, less variations in the percentage of demand sup-
plied. As an example in the PLOCAN area, the highest monthly variation 
of the Wavepiston technology (50 EC) is as high as 275% while for the 4 
MW Wave Dragon farm this value reaches 86%. Likewise, in Arucas- 
Moya the highest monthly variation of the Wavepiston (50 EC) rea-
ches 144%, while for the WEPTOS and 1.5 MW Wave Dragon these 
values are 72% and 62% respectively. 

All of the above confirms that, when analyzing wave energy as a 
potential renewable energy for its introduction into desalination plants, 
the study cannot solely focus on the implementation of a single device. 
The behavior of wave farms and their configuration based on the 
available space and the necessary safety distances between them to 
ensure that there are no interactions that affect the energy production 
are also crucial factors. 

4.3.3. Energy density 
In order to compare the wave farms in each of the pilot areas, 

parameterized performance indicators (like the energy density per de-
vice/farm or the surface area occupied by the wind farm to obtain one 
cubic meter of freshwater) are needed which are independent of the 
desalination plant demand. Table 7 shows the energy density values per 
device and farm. 

In the Arucas-Moya pilot area in terms of single devices, the Weptos 
technology provides the highest value of energy density (1.06 MWh/ 
m2). However, when considering a Weptos wave farm, this value de-
creases enormously as the system requires long safety distances due to 
its type of movable anchorage and its versatility in adjusting to the di-
rection of the incoming wave and, thus, this wave farm shows the lowest 
energy density figure. Table 7 shows that, although in terms of single 
device the energy density figures are very different among the wave 
devices, in terms of wave farm the energy density figures are much more 
similar. In the PLOCAN pilot area a similar trend can be observed but in 
line with the variations previously shown by the different technologies 
in lower wave resource environments, where the Wavepiston device 
shows a better behavior, which is directly translated in higher energy 
densities in terms of single device as well as in terms of wave farm, and 
the other technologies show a lower performance. 

4.3.4. Energy production per meter of wave length 
The standard unit of wave energy production relate the energy 

produced by the converters to the wave length. The performance indi-
cator that shows this relation is shown in Table 8, which allows a 
comparison among the different devices in terms of energy production. 

Table 8 shows that the 4 MW Wave Dragon reaches the highest 
annual production rate in the Arucas-Moya site while Wavepiston does 
so in the PLOCAN site. 

Last column of Table 8 shows the percentual difference in terms of 
energy production of each farm between the two different locations. 

4.3.5. Freshwater production vs. covered area 
This section compares the freshwater production that each technol-

ogy is capable of contributing per square meter of covered surface area. 
In order to perform the calculation, the value of the specific consump-
tion of each plant is used, which in this case is 3.84 kWh/m3 for both 
plants, a value that is within a standard global range. Table 9 shows the 
mean annual results. 

As expected, the differences are very high in terms of single devices 
for both sites, being clearly Weptos the technology with the highest 
performance in terms of freshwater production per surface unit. None-
theless, at farm level the differences are not as high as in terms of single 
devices, especially in the higher wave resource area. The differences are 
higher in the lower wave resource area, the PLOCAN one, where the 
Wavepiston adapts better. The results are in line with those obtained for 
the energy density in the different configurations and areas. 

5. Conclusions 

This work analyses the potential exploitation of WEC farms in me-
dium wave climates as energy suppliers for desalination plants. For this 
purpose, a series of performance indicators was developed in order to 
analyze the adaptability of wave farms to wave resources, the stability of 
electricity production with respect to the desalination plant electricity 
demand profile and the percentage of electricity coverage, among 
others. With the intention of being able to use the indicators for any 
desalination plant, some indicators were parameterized, facilitating 
knowledge of electricity production and/or cubic meters of freshwater 
production per square meter of covered sea surface. 

To evaluate the consistency of these indicators, they were applied to 
two maritime areas with different sea states and wave patterns, within 
the medium wave energy potential range. The northern and eastern 

Table 7 
Annual energy density per device & farm for the Arucas-Moya and PLOCAN.  

WEC Annual energy density per 
device [MWh/m2] 

Annual energy density per 
farm [MWh/m2] 

Arucas-Moya PLOCAN Arucas-Moya PLOCAN 

Wave Dragon (1.5 MW)  0.143  0.103  0.033  0.023 
Wave Dragon (4 MW)  0.141  0.077  0.032  0.017 
Wavepiston (32 EC)  0.252  0.293  0.035  0.040 
Wavepiston (50 EC)  0.205  0.283  0.028  0.039 
Weptos  1.060  0.695  0.025  0.016  

Table 8 
Comparison of the annual energy production per meter of wave crest.  

WEC Annual energy production per meter of wave crest 
[MWh/m] 

Arucas-Moya site PLOCAN site 

Wave Dragon (1.5 MW)  9.4  6.7 
Wave Dragon (4 MW)  15.7  8.6 
Wavepiston (32 EC)  8.3  9.6 
Wavepiston (50 EC)  10.4  14.4 
Weptos  6.3  4.1  

Table 9 
Annual freshwater production per WEC device and farm vs. covered area.  

WEC Freshwater produced per 
device [m3/m2] 

Freshwater produced per 
farm [m3/m2] 

Arucas-Moya PLOCAN Arucas-Moya PLOCAN 

Wave Dragon (1.5 MW)  37.4  26.8  8.7  6.2 
Wave Dragon (4 MW)  36.9  20.1  8.4  4.6 
Wavepiston (32 EC)  65.7  76.4  9  10.5 
Wavepiston (50 EC)  53.3  73.9  7.3  10.1 
Weptos  276.3  181.1  6.4  4.2  

B. Del Río-Gamero et al.                                                                                                                                                                                                                      



Desalination 525 (2022) 115479

13

coasts of the same island (Gran Canaria, Spain) were used as a practical 
case study. The first pilot area (northern coast) is characterized by a 
higher wave resource potential, higher seasonality and strong variations 
in the predominant direction of the waves from winter to summer. In 
comparison, the second pilot area (eastern coast) is characterized by a 
lower resource potential, low seasonal effect and unidirectional waves. 
This unidirectionality in the wave direction, favours the installation of 
direction-dependent WECs, which can also cover a narrow bandwidth in 
terms of sea states due to the homogeneity of the resource on an annual 
basis. The analysis of the different wave climate sites confirms that the 
WECs behave differently in each pilot zone. Nonetheless, the degree of 
this variation is not the same for all devices. Although the northern area 
shows a higher energy potential, its higher seasonal variation may 
appear as a weakness when it comes to taking advantage of that energy. 
A monthly analysis shows that the electricity coverage in percentage 
terms for most of the technologies show higher monthly differences in 
the PLOCAN pilot area than in the Arucas-Moya area, although the 
PLOCAN area is characterized by much lower seasonal effect and uni-
directional waves. The Weptos and Wave Dragon devices show less 
variations in percentage terms throughout the year at both sites and, 
thus, less variations in the percentage of demand supplied. 

The results confirm that is not possible to establish a general corre-
lation between the wave resource and a wave farm energy output, which 
varies depending on the different operating principles. It is shown that 
the highest wave energy potential does not necessarily lead to the 
highest electricity production. In this respect, the appropriate choice of 
WEC technology is a key factor. The importance of a comprehensive 
analysis, starting with the farm layout, is highlighted. This situation is 
accentuated when the available marine region is limited, with the di-
mensions of the WEC devices as well as their predetermined safety 
distances playing a fundamental role. 

In the particular case of Gran Canaria, the analysis of single devices 
(not in a farm configuration) found the Weptos device to be the best- 
adapted technology, achieving the best pairing with the wave resource 
and, more importantly, the highest electricity production and stability in 
electricity production. However, from a wave farm perspective, the 
surface area required for the deployment of the devices and the subse-
quent safety distances are critical parameters that make limits the pos-
sibilities of using this device in small areas. 

From the wave farm perspective, the Wave Dragon technology ap-
pears to have a better fit in more energetic marine areas, while Wave-
piston wave farms are best suited to environments with lower wave 
potential. However, when it comes to choosing one of these technologies 
for both of the pilot areas, it was observed that the decrease in Wave 
Dragon efficiency when it is located in a lower resource zone is higher 

than the efficiency loss estimated for Wavepiston in the opposite case. 
In regard to freshwater production per covered area and the per-

centage of electricity coverage achieved, it is confirmed that wave en-
ergy can substantially or fully satisfy desalination plant electricity 
demand, as long as there is a sufficient marine surface available to install 
the correspondingly-sized wave farm. 

The inter-annual and multi-decadal analysis also confirmed that, in 
this particular region, there is no surge in wave energy potential that 
could trigger an underestimated wave farm design. However, a resource 
extreme value analysis could be done in future research to evaluate the 
farms survivability. 

Another relevant conclusion is that, although the differences in terms 
of energy density, freshwater production per covered area and the per-
centage of electricity coverage for one single device are very important, 
they are within the same order of magnitude when it comes to wave 
farms in the Arucas-Moya area showing ratios of freshwater production 
per surface area ranging from 6.4 to 9 m3/m2. The PLOCAN area shows 
higher variations ranging from 4.2 to 10.5 m3/m2. 

All in all, by selecting the appropriate WEC, wave energy would be a 
great alternative to desalination plants located in coastal areas. 
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Appendix A. Complementary information of input database 

The work data comes from “Puertos del Estado” (Spain). The SIMAR dataset consists of time series of wind and wave parameters from numerical 
modeling. 

WaveWatch III model developed by the National Center for Environmental Prediction (NECP) of the National Oceanic and Atmospheric 
Administration, is a third-generation spectral model that solves the energy balance equation without establishing any a priori hypothesis about the 
shape of the wave spectrum [101]. This model generates hourly time-series of wave fields and use real buoys (REDCOS buoys) for final validation. All 
the time-series include wave characteristics like significant wave height (Hs), peak wave period (Tp) and wave direction. Fig. A.1 shows the grid of 
simulated data set (modelled SIMAR points in green and real REDCOS buoy points in red). The spatial resolution of the mesh has different levels, 
reaching ~2 km in the Canary archipelago's coasts. Fig. A.1 shows the SIMAR and REDCOS grid [63]. 

B. Del Río-Gamero et al.                                                                                                                                                                                                                      



Desalination 525 (2022) 115479

14

Fig. A.1. SIMAR and REDCOS grid in the Canary Island region [63].  

Appendix B. Complementary information of monthly wave peak period patterns 

Fig. B.1 shows a boxplot for each month of the wave peak period in Arucas-Moya pilot area. It can be seen how the highest months of wave energy 
potential are due to swell (defined as 10 s or more of wave peak period) originating a highly energetic wave environment. Likewise, a large variation in 
this parameter hinders the wave energy potential throughout the year in this area.

Fig. B.1. Boxplot of monthly peak wave period in the Arucas-Moya pilot area.  

In contrast, Fig. B.2 shows the monthly wave peak period pattern in PLOCAN pilot area where no contribution of swell is found, but values remains 
much more constant thought the year.

Fig. B.2. Boxplot of monthly peak wave period in the PLOCAN pilot area.  
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Appendix C. Inter-annual study of significant wave height and wave peak period in the Arucas-Moya and PLOCAN pilot areas  

Table C1 
Data values for inter-annual variation analysis.  

Years Arucas-Moya PLOCAN 

Mean Hs (m) Mean Tp (s) Max Hs (m) Mean Hs (m) Mean Tp (s) Max Hs (m) 

1992–1993  1.57  9.56  4.55  1.20  8.08  3.3 
1993–1994  1.65  9.77  5.30  1.23  8.19  4.9 
1994–1995  1.64  9.77  5.30  1.24  8.21  4.9 
1995–1996  1.64  9.76  4.94  1.18  8.49  3.5 
1996–1997  1.57  9.76  5.32  1.07  8.45  3.2 
1997–1998  1.50  9.71  5.81  1.07  8.11  3.7 
1998–1999  1.61  9.58  5.81  1.15  7.90  3.8 
1999–2000  1.63  9.68  5.64  1.12  7.95  3.8 
2000–2001  1.61  9.69  4.55  1.06  8.13  3.8 
2001–2002  1.63  9.75  4.55  1.06  8.15  3.8 
2002–2003  1.66  9.72  5.42  1.13  8.09  3.9 
2003–2004  1.59  9.56  5.42  1.14  7.95  4.4 
2004–2005  1.54  9.55  4.03  1.13  7.96  4.4 
2005–2006  1.51  9.88  3.93  1.12  8.07  3.9 
2006–2007  1.48  10.15  3.86  1.14  7.94  3.9 
2007–2008  1.49  9.91  4.55  1.17  7.90  3.5 
2008–2009  1.38  9.29  4.55  1.00  8.05  3 
2009–2010  1.32  9.22  4.38  0.96  8.13  3.1 
2010–2011  1.45  9.93  4.07  1.18  8.19  3.1 
2011–2012  1.54  10.15  3.67  1.22  8.16  4 
2012–2013  1.58  10.41  3.67  1.20  8.28  4 
2013–2014  1.67  10.67  6.20  1.24  8.28  4.7 
2014–2015  1.68  10.57  6.20  1.27  7.81  4.7 
2015–2016  1.63  10.47  4.58  1.27  7.60  4.2 
2016–2017  1.58  10.32  4.34  1.26  7.79  3.8 
2017–2018  1.60  10.72  4.74  1.27  8.35  4.2  
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Canaria), 2011. 

[95] A.R. Lemes, J. Luis, P. Talavera, R. Falcon, R. Arocha, J. Curbelo, L.De Lorenzo, 
D. Zarzo, R. Lemes, Evolution of Production and Energy Savings in Swro Plant of 
Las Palmas Iii, 2011. Elsevier B.V. October 1. 
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