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A B S T R A C T

Freshwater scarcity and insufficient sanitation are global urgent problems, affecting billions of people. In this
review paper, the process of desalination powered by wave power has been investigated as a potential sus-
tainable solution to water shortage. The different desalination techniques suitable for this type of combined
system, i.e. reverse osmosis, electrodialysis and mechanical vapor compression, have been outlined, as well as
the different wave energy converters possible to power the desalination process, i.e. oscillating water columns,
oscillating bodies (wave activated bodies) and overtopping systems. Some necessary considerations for this type
of project are identified. The different wave power/desalination projects and how they have proceeded are
presented. The most common design of a wave energy and desalination system includes a wave activated body to
pressurize seawater; the seawater flows through a reverse osmosis membrane, resulting in freshwater. Some
successful (freshwater producing) wave energy/desalination projects were identified: Delbuoy, the oscillating
water column in Vizhinjam, CETO Freshwater, SAROS and Odyssée. It is concluded that wave power and de-
salination can be combined in a sustainable and autonomous system, generating freshwater from the ocean
waves. However, questions regarding cost of produced water, variations in power production due to inter-
mittency and environmental effects still remain.

1. Introduction

Water scarcity is a severe global problem; billions of people ex-
perience water scarcity at least parts of the year [1]. Water shortage is
common at remote rural areas, for example on islands [2]. Industries
and energy production may depend on a vast amount of clean water
[3]. Access to clean water is at the heart of sustainable development -
inducing social, economic and environmental growth [3]. The United
Nation's goal for access to freshwater, described in the 2030 Agenda for
Sustainable Development, is to “ensure availability and sustainable
management of water and sanitation for all” [4]. Desalination can play
a part in addressing the issue of water scarcity. The desalination pro-
cess, where clean potable water is produced from sea or brackish water,
is performed with the use of membranes or through a thermal process
[5]. One way to secure a sustainable process is to use a renewable
energy source to power the desalination plant. The use of renewable
energy sources to power a desalination plant and cover a freshwater
demand has several benefits in comparison to the use of fossil fuels or to
transport freshwater by trucks or ships. Renewable energy sources are
more environment-friendly, and the prices can be lower depending on
the design of the energy converter [6,7]. However, the disadvantages of
a desalination plant powered by renewables are the intermittency and
sometimes the cost of the system [6,7]. One example of a renewable

energy source that can be used for desalination is the ocean waves
[8,9].

The motion of the ocean waves can be harnessed to produce
freshwater, using a combined wave power and desalination system. If
the system is autonomous, or stand-alone, it works without an external
electric grid, which would be beneficial since many locations in need of
freshwater have unreliable electric grids. Mainly, wave power can drive
the desalination process in two ways: indirectly or directly. The power
in the ocean waves can be converted to electricity to power the desa-
lination plant (indirectly), or it can convert the movement into pressure
and thereby directly run the process. The wave power-desalination
process can roughly be divided into four different blocks to study fur-
ther: the ocean is the source of energy and also the source for the final
product; the wave power system converts the energy of the ocean waves
in a suitable way; the desalination plant and finally, the storage and
distribution of freshwater.

The potential for using wave power as an energy source is huge; it
has been estimated to 8000–80,000 TWh/year [10]. The high potential
in combination with the proximity of the energy source and end pro-
duct makes wave power a promising technique for powering desalina-
tion systems. To the best of our knowledge, it was more than a decade
ago since wave powered desalination systems were last discussed in a
review paper [8]. Recently, researchers have shown an increased
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interest in the field, due to the demand of reliable and sustainable
freshwater sources and the development of well tested wave power
technologies. The aim of this paper is to present a review on what has
been done in this field before and highlight future areas that need to be
studied further. This paper begins by giving a brief background to de-
salination systems mainly powered by renewable energy sources. It will
then go on to describe some features of the waves and seawater, present
different wave power concepts and different desalination technologies.
A framework for categorization of these systems is suggested and
thereafter, wave powered desalination systems from literature are de-
scribed. Finally, the findings are summarized and conclusions are
drawn.

1.1. Powering desalination systems

The desalination supply chain can be divided into four steps: intake
of feed water and pretreatment, desalination process, water storage and
water distribution [11,12]. It is important to find sustainable solutions
to all steps of the supply chain, and the sustainability of desalination
was discussed by Gude [13]. Although some cities are provided with
drinkable freshwater from desalination plants, recent research shows
that many citizens still prefer to buy bottled water, in spite of its ad-
ditional cost [14]. As concluded by Fragkou and McEvoy, it is important
to not only invest in the desalination plant itself, but also in the overall
water system, decreasing local mistrust [14]. The size of desalination
systems varies from small-scale devices to larger plants. One of the
world's largest desalination plants is the Hadera plant in Israel, pro-
ducing about 127 Mm3 water each year [15]. In contrast, many remote
areas and villages benefit from autonomous small-scale desalination
plants, producing only one or a few cubic meters of freshwater daily
[16], adapted in size to the need of the local population [17,18]. One of
the main obstacles with desalination is the amount of energy needed to
power the process [19,20]. In order to power a reverse osmosis process,
about 2 kWh/m3 is needed, but this value varies with the technical
solutions [21,22].

The energy source suitable to power the desalination process de-
pends on the available energy source as well as the seawater char-
acteristics at the specific location [23]. The conventional energy source
for desalination is fossil fuels [24]. Although many locations are well
suited for renewable energy production, this is not always the energy
source chosen when powering a desalination plant. For example, at the
Canary Islands, over half of the total consumed water was produced
from desalination and more than 90% of the primary energy con-
sumption was produced from oil, transported by ships to the islands
[25]. Some desalination plants are powered by nuclear energy [26] and
comparisons of nuclear powered- and fossil fuel powered desalination
plants have been published [27]. Other desalination processes are
powered by a combination of different renewables and/or fossil fuels;
this is called a hybrid system [28,29].

Considering a wind powered desalination plant, the variation of
wind speed, leading to a variation in power output from the wind
turbine, can have negative effects on membrane desalination processes,
as well as the overall performance of the plant [6]. This can be solved
with good technical solutions and energy storage. A reverse osmosis
desalination plant which varies its energy consumption with the var-
iation of the wind power powering the system has been suggested in
[30]. Control systems have been proposed for desalination plants
powered by solar and/or wind [31]. The price for desalinated water is
an issue greatly affected by the price of the energy needed - but in the
end, clean water, food and an overall sustainable future is an absolute
necessity, reducing the importance of water cost [32].

As mentioned, renewable energy sources such as solar- and wind
power have been combined with desalination [6,7,33]. Solar powered
desalination is widely used and has been described in different review
papers [34,35]. In the review on solar energy combined with desali-
nation, provided by Sharon and Reddy, technologies such as the solar

still and solar multi-stage flash desalination were described [36]. Fo-
cusing on solar power and geothermal power, Ghaffour et al. present an
overview of some desalination systems powered by renewables [24]. It
is concluded that these solutions are, so far, most feasible for autono-
mous systems in rural areas, but that its competitiveness for other de-
salinations plants increases as the cost of fossil fuels goes up [24].
Moreover, the environmental issues of fossil fuels also encourages the
change to renewable energy sources [35].

There are several proposed systems combining renewables and de-
salination for a certain location and some examples are presented in the
following. A system combining wind power, hydropower and desali-
nation, to generate freshwater in St. Vincent, Cap Verde, was proposed
and investigated by Segurado et al. [37], pointing out the importance of
both working with water and energy in the same system to decrease
water scarcity in remote areas. The control of a desalination plant in
Kerkennah Island, Tunisia, powered by both wind and photovoltaics,
was simulated [38]. A model describing the performance of a desali-
nation plant and reservoir powered by wind power and hydropower for
Taichung in Taiwan was suggested [22] and the optimal design of wind
and solar (photovoltaics) powered autonomous desalination plants
were investigated for Darvazan, Iran [39].

1.2. Water and waves

About 70% of the globe consists of water and there is a constant
movement of the ocean. The seastate, characterizing the waves at a
specific location, consists of a significant wave height Hs, describing the
average wave height, and an energy period Te, describing the mean
length of the waves [40]. The power, P, stored in the ocean waves is
calculated as

=P
ρg

π
T H
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2
2
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where ρ is the density of the water [kg/m3] and g is the acceleration due
to gravity [m/s2] [41]. The mean power of the ocean waves per meter
wave front across the globe varies from less than 10 kW/m to over
120 kW/m [42]. Recently, investigations on the wave climate at dif-
ferent locations worldwide have been published [43–45]. It is not only
a rough seastate that is interesting when choosing location for a wave
power plant. Due to construction, maintenance, cost and distribution -
neither the water depth nor the distance to the users can be too large.

The global freshwater scarcity has been estimated, indicating a se-
vere water scarcity in Africa, India, Southeast Asia and western South
America [46]. Due to the global wave energy resource and a significant
freshwater shortage, the opportunity to combine wave power and de-
salination is evident. For example, the possibilities of using wave
powered desalination in Egypt has been discussed in [47] and on Sicily
in [48–50]. There are several countries, experiencing freshwater scar-
city, with a coastline suitable for wave power. This implies that it is not
really a question of where, rather how and when, to combine wave
power with desalination.

The amount of energy needed to power a desalination process de-
pends on the salinity of the feed water [32] and the generated fresh-
water, as well as the rating of the desalination plant [24]. The total
dissolved solids (TDS) in seawater are typically within the range of
35,000 to 45,000 ppm. The water is called brackish if TDS is between
1000 and 35,000 ppm. Freshwater has TDS below 1000 ppm and the
water is considered drinkable if TDS is below 500 ppm [7,51].

2. Wave power technologies

In recent years, several wave energy converters (WECs) have been
designed and deployed, converting the motion of sea waves to elec-
tricity [52]. The WEC affects the environment and careful considera-
tions on its impact have to be taken. In the study of Greaves et al., a
summary of the experience on environmental impact assessment in
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Europe for wave power was given [53].
There are different ways of classifying WECs [54–56]. For example,

as will be used here, a WEC can be classified as one of the three types:
oscillating water column (OWC), overtopping system (OTS) or oscil-
lating body (wave-activated body) [57,58]. Babarit discusses the energy
absorption of different wave energy concepts [59]. The three types of
wave energy converters are depicted in Fig. 1; a) shows the OWC in-
cluding a turbine for power generation, b) shows the OTS with a turbine
and c) shows three different oscillating bodies which can be used to
drive a hydraulic system or a linear generator. That is, the power take-
off (PTO) can be electrical or hydraulic, and recent studies aim to test
different PTOs for WECs [60]. The wave energy converters have to be
controlled in order to produce the highest amount of power [58,61].
WEC control can also save the system from some damage. The oscil-
lating water column, the overtopping system and the oscillating body
will be described in the following.

2.1. Oscillating water column, OWC

An oscillating water column, or an OWC, is a construction with an
open inlet for water under the sea surface, as shown in Fig. 1a). This
creates a water column within the structure which oscillates with the
motion of the incoming waves. Above the oscillating water column, air
is alternately pressurized and forced to flow through a turbine (often a
Wells turbine and sometimes an impulse turbine), driving a generator
[63]. A review on different oscillating water columns can be found in
the work of Falcão and Henriques [64]. Examples of wave power pro-
jects including an OWC are LIMPET [65] and Pico [66]. OWCs are
currently being studied [67], for example, considering both the hy-
drodynamic and aerodynamic flows included in the OWC [68], in-
vestigating the performance of the turbine [69] and determining the
forces acting on the OWC structure, through both experiments and si-
mulations [70].

2.2. Overtopping system, OTS

Wave overtopping, where waves reach some slope and eventually,
due to high waves, overtops a structure, can cause damage to coastal
cities or ships; the main goal of most research on wave overtopping
today is to protect areas from this phenomenon [71,72]. However,
wave overtopping has been utilized in the design of wave energy con-
verters [73]. An overtopping system, OTS, or an overtopping device,
depicted in Fig. 1b), consists of a reservoir filled with more water as
incoming wave crests travels up the slope of the OTS and overtops the
structure. The water flows out again through a turbine, generating

electricity. Examples of overtopping systems for wave power are Tap-
chan [74] and Wave Dragon [75].

2.3. Oscillating body

An oscillating body, or a wave-activated body, is a wave energy
converter including one part which is directly moving with the ocean
waves, such as a buoy or a flap-type device, as can be seen in Fig. 1c).
Examples of projects including an oscillating body are the WEC devel-
oped at Uppsala University [76] and Oyster [77]. There are different
control strategies for the oscillating body WECs, such as latching
[78,79], where the WEC is locked mechanically a short time period
before it is released, aiming for a body in wave resonance, or de-
clutching [80], where the power take-off is sometimes switched off with
the same goal of body-wave resonance. Recent research on oscillating
bodies has been performed, for example on how they will affect each
other if combined in a park with several oscillating bodies [81–83].

3. Desalination technologies

There are different desalination technologies investigated and de-
signed to generate freshwater from sea- or brackish water, as described
for example in the book by El-Dessouky and Ettouney [5]. Inevitably,
desalination leads to environmental impact, which stresses the im-
portance in project planning with a sustainability focus when creating a
desalination plant [84,85]. There are different techniques for managing
the concentrate (or brine) [86], the residue of desalination, which are of
great importance as the concentrate can cause environmental issues if it
is not taken care of. Some researchers are investigating the possibility
and feasibility of using the brine for other purposes [87,88]. There are
several desalination processes used today; the three most interesting to
combine with wave power are reverse osmosis RO, depicted in Fig. 2a),
electrodialysis ED, in Fig. 2b), and mechanical vapor compression MVC,
in Fig. 2c), as these processes are driven by mechanical energy (RO and
MVC) or electrical energy (ED), which can be harnessed from the mo-
tion of the ocean waves.

3.1. Reverse osmosis, RO

Reverse osmosis or RO, sketched in Fig. 2a), is a process where
pressurized seawater flows through a semipermeable membrane,
creating freshwater [89]. A review on the RO technology was presented
by Shenvi et al. [90]. The chemical potential of the solute, dependent
on temperature, salinity and pressure, is to be equal on both sides of the
membrane. By adding an external pressure to one side of the

Fig. 1. A wave energy converter can be classified as a) an
oscillating water column, OWC, b) an overtopping system,
OTS, or c) an oscillating body (wave-activated body) [62].
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membrane, clean water will flow to the other side to restore the che-
mical potential [5]. The product of the RO process is the clean water
and the residue is called concentrate or brine, which has a high salinity.
Two obstacles with reverse osmosis are membrane fouling and man-
agement of the concentrate [91]. With the right pretreatment of the
seawater, fouling can be reduced [92]. For several years, the con-
centrate has been dumped into the sea; with new research showing the
negative environmental effects of this, other solutions have been de-
veloped to take care of the concentrate [93].

3.2. Electrodialysis, ED

The saltwater includes salt ions; therefore, by applying an electric
field, it is possible to separate the salt from the water, which is per-
formed in the desalination process called electrodialysis or ED [5], as
shown in Fig. 2b). Ion exchange membranes [94], anion exchange
membranes and cation exchange membranes, are placed between an-
odes and cathodes; when applying an electric field, the positive and
negative ions move to the anodes and cathodes respectively, creating
brine and freshwater [95]. The salinity of the freshwater can be varied
with ED [94].

3.3. Mechanical vapor compression, MVC

Mechanical vapor compression or MVC is a thermal process, where
the feed water is evaporated to get rid of the salt; this process is sket-
ched in Fig. 2c). The feed water is first preheated, then sprayed across
evaporation tubes, where the water is evaporated [5]. The vapor flows
through a demister and to the compressor where it is superheated. The
vapor flows through condensation tubes and condenses [96]. The heat
from different stages of the process is reused to heat other parts of the
process [97]. The MVC process needs energy mainly to power the
compressor, but also the heaters, the pumps and so on [98].

4. WEC/DES systems

The combination of wave power and desalination technologies is
briefly shown in Fig. 3, inspired by figures describing renewable energy
sources and desalination technologies in [7,48].

In the following, a suggestion of a classification of wave powered
desalination systems, hereafter referred to as WEC/DES, will be given,

consisting of the three groups of the combinations that have been
proposed and/or created so far, as well as a suggestion on potential
future WEC/DES systems which have not yet been designed. An over-
view of the WEC/DES groups is given in Table 1. The three groups of
combined systems suggested in previous literature are here named
OWCRO (from Oscillating Water Column – Reverse Osmosis), WABRO
(from Wave Activated Body – Reverse Osmosis) and WABVC (from
Wave Activated Body – Vapor Compression).

The most commonly suggested type of combined system is WABRO,

Fig. 2. The desalination processes investigated here are a),
reverse osmosis RO, b) electrodialysis ED and c) mechanical
vapor compression MVC. Illustrations by Johannes
Eriksson.
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Fig. 3. Combination of wave power and desalination processes.

Table 1
Combining wave power concepts and desalination processes gives three groups of com-
monly described combined systems – OWCRO, WABRO and WABVC. There are also some
potential systems that may be designed in the future.

Wave power technology Desalination technology WEC/DES system

Oscillating water column OWC Reverse osmosis RO OWCRO
Wave activated body WAB Reverse osmosis RO WABRO
Wave activated body WAB Vapor compression VC WABVC

Potential future WEC/DES systems
Oscillating water column OWC Vapor compression VC OWCVC
Oscillating water column OWC Electrodialysis ED OWCED
Wave activated body WAB Electrodialysis ED WABED
Overtopping system OTS Reverse osmosis RO OTSRO
Overtopping system OTS Vapor compression VC OTSVC
Overtopping system OTS Electrodialysis ED OTSED
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where a wave activated body of some shape, such as a buoy or a flap-
ping device, is used together with a pump to pressurize seawater, which
is then transported through a reverse osmosis membrane. A WEC/DES
system has to be controlled to improve its performance. As an example,
the control strategies that can be used for a WABRO, including a
floating buoy and a pump, has been investigated [99,100].

Considering the topics discussed in Section 5, each WEC/DES
system found in relevant literature was described.

4.1. OWCRO: Oscillating water column – reverse osmosis

An OWCRO plant consists of an OWC wave power plant combined
with an RO desalination plant. For this type of WEC/DES plant, the
turbine and the plant location (onshore or offshore) has to be con-
sidered.

4.1.1. Oscillating water column in Vizhinjam, India
The WEC/DES system in Vizhinjam, Kerala, India, shown in Fig. 4,

is an onshore autonomous OWCRO plant built in 1990 to produce
freshwater to the harbor community; the WEC/DES plant was described
in the paper by Sharmila et al. [101]. The seawater had TDS of
35,000 mg/l and pH of 7.2, and the monsoon seasons were considered
when choosing the system. Three different wave power systems were
considered in the search of the most suitable design, resulting in the
construction of a 3000 tons concrete OWC plant. After different tests of
turbines, an impulse turbine was implemented. Moreover, the WEC
system consisted of an alternator, a rectifier, a battery and an inverter,
generating a single phase 50 Hz, 230 V AC voltage to power the desa-
lination plant. Reverse osmosis was chosen for the desalination process,
producing 10,000 l freshwater each day with TDS of less than 500 mg/l
and pH of 6.5–7.5. Before the RO process, the seawater was micro fil-
tered and after the process, the water was chlorinated and neutralized.
The produced water was tested, proving a good quality. The research
was sponsored by the Government of India and performed by the Wave
Energy Group at the Indian Institute of Technology in Chennai. Before
commissioning, Matlab-simulations and laboratory tests were per-
formed. Moreover, before the RO plant was connected to the OWC, the
OWC was tested with other loads to investigate its functionality.

4.1.2. WaveCatcher
The OWCRO concept called WaveCatcher consists of a pump driven

by the weight of seawater in a tank. The system is suitable for rural poor
communities without the use of electricity. WaveCatcher can be in-
stalled by the sea, close to a steep shore or a cliff. An oscillating water
column-pump (OWC pump) is used to transfer seawater to a higher
altitude where it is released to the tank, acting on the WaveCatcher
pump which pressurizes the feed water transferred through a reverse
osmosis membrane, generating freshwater [102]. The brine was sug-
gested to be deposited back into the sea. The WaveCatcher project was
tested in small scale (1:6), resulting in a maximum pressure of 420 kPa.
The authors conclude that the pressure of the prototype should be
600 kPa in order to generate 6000 kPa with a full-scale WaveCatcher,
which is needed to pressurize the water for the RO process.

4.2. WABRO: wave activated body – reverse osmosis

A WABRO plant consists of a wave activated body, such as a buoy,
combined with a reverse osmosis desalination plant. Two specific
considerations for a WABRO system are which kind of wave activated
body to use and which kind of power take-off that will be interesting for
the system (hydraulic or electric).

4.2.1. Delbuoy
The first known combined system of wave energy and desalination

was the WABRO system called Delbuoy, described in several papers, see
for example [103,104]. Delbuoy started to produce freshwater 1982 in
Puerto Rico. The characteristics of the sites and environment suitable
for the system were identified; water depth: 15–20 m, significant wave
height: 0.6–1.5 m and energy period: 3–8 s. Delbuoy consisted of a
wave activated body, more specifically a cylindrical buoy on the sea
surface, connected to a pump on the ocean bed. The size of the system
made it possible for deployment from a small fishing boat. The desali-
nation process was reverse osmosis, producing 1.1 m3 freshwater each
day. Firstly, the water was prefiltered when entering the pump - then
pressurized. The water was rectified through check valves, a hydraulic
accumulator stabilized the pressure and finally, the water, with a
pressure of 5500 kPa, was cleaned through the reverse osmosis mem-
brane. 20% of the feed water became freshwater and 80% became
concentrate, which was released back into the ocean. The WEC/DES

Fig. 4. WEC in Vizhinjam, India [101].
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design was developed at the University of Delaware and ISTI Delaware,
Inc., with funding from the National Sea Grant College Program, and at
the Department of Marine Sciences at University of Puerto Rico with
funding from USAID. Financial studies were performed, comparing the
Delbuoy with a conventional RO system [104]. The WEC/DES system
was modeled and tested before deployment.

4.2.2. Oyster
The Oyster is a wave energy converter flapping back and forth with

the motion of the waves, adapted to be at 12 m water depth. It has been
suggested that an Oyster can be used to drive a desalination plant, and
the cost of freshwater from such a WABRO system was investigated in
[105]. The authors discuss the possibilities and limitations in placing
the connected desalination device on shore or out in the water by the
flapping wave energy converter. The Oyster would drive a pump
pressurizing the seawater, which is then rectified through check valves.
The level of pressure is stabilized with the use of an accumulator and a
pressure relief valve. Thereafter, the water is cleaned through the re-
verse osmosis membranes and pressure energy-intensifiers are used for
energy recovery. An economic model was derived and it was estimated
that the minimum cost of water was £0.45 per m3 [105] and computer
simulations of the WEC/DES system were performed.

4.2.3. 3-D WEC and the surge WEC
In the conference paper by Ramudu [106], the ideas of Resolute

Marine Energy, Inc. and Atlas Water Systems, Inc., to use two different
wave energy converters for desalination, are presented. The goal is to
use these WABRO devices in remote coastal areas, firstly in South
Africa. Their 3-D WEC consists of a partly submerged floater, connected
via three tethers to a power take-off on the bottom of the ocean. The
Surge WEC is a paddle flapping in the ocean waves [106].

4.2.4. Floating heave-buoy array
In the paper of Serna and Tadeo, it was suggested that several buoys

could be included in a combined wave power- and desalination system
[107]. The system would consist of an array of floating buoys connected
together to a support structure, which was connected via wires to
ballasts on the ocean floor. The buoys would be connected to a hy-
draulic power take-off, producing electricity which would power a re-
verse osmosis desalination plant. As the power produced may vary over
time, the desalination plant was divided in three parts which all re-
quired different power levels and produced different amounts of
freshwater. Simulations of the wave energy converter at a suggested
location are performed [107]. In a later paper of Serna, Tadeo and
Torrijos, another control strategy for a desalination plant driven by
renewables was suggested [108].

4.2.5. AaltoRO
The WEC/DES concept called AaltoRO consists of a 25–30 m wide

and 10 m high oscillating wave surge converter, called the WaveRoller,
which pressurizes the seawater [109]. A so called Adaptive Pressure
Generator is used to stabilize the pressure, the water flows through
pipelines to the shore, pretreatment chemicals are included and a tur-
bocharger is used for energy recovery. The brine is disposed into the
sea. The water is cleaned onshore using reverse osmosis. The optimum
pressure for the WABRO system AaltoRO was 4500 kPa, which is lower
than the conventional 6000–6500 kPa [109]. The system was simulated
for waves in Western Australia and economical calculations estimated
the water cost to 0.8 €/m3.

4.2.6. CETO freshwater
Carnegie was the first company to commercialize wave powered

desalination with their CETO Freshwater, consisting of a fully sub-
merged buoy driving a pump, generating pressurized water to the
shore. The wave power system was connected to reverse osmosis
membranes. The WEC/DES was included in the Perth Project, which

aimed to generate both power and freshwater to the naval base HMAS
Stirling in Australia [110].

4.2.7. Inertial sea wave energy converter at Ponza island
In the work of Corsini et al., the freshwater supply to the Italian

island Ponza is outlined [111]. 3200 people lived on the island at the
time, but many tourists visit Ponza in the summer. The water demand
was covered by shipping water from Port of Naples. In the paper, two
alternatives to the water shipping, both including an RO desalination
plant demanding 2.41 kWh/m3, were investigated: powering the desa-
lination plant with the local grid or to create an autonomously powered
WEC/DES plant. The results show that it is possible to cover the
freshwater demand with a desalination plant on the island. Also, the
estimated price for freshwater from a reverse osmosis desalination
plant, at most 1.5 €/m3 [111], was lower than the cost of freshwater
shipped to the island. Moreover, when powering the desalination plant
with the wave power concept called ISWEC or inertial sea wave energy
converter, resulting in a WABRO system, it was concluded that a water
storage is essential for this WEC/DES system to work [111].

4.2.8. Combined wind- and wave power desalination system
A combined floating wind- and wave power system, driving a re-

verse osmosis system, was suggested by Nikitakos and Stefanakou, with
the goal to generate potable water in an environment-friendly and
autonomous way [112].

4.2.9. SAROS
EcoH2O Innovations have commercialized an autonomous WABRO

system called SAROS (Swell Actuated Reverse Osmosis System) with a
focus on sustainability [113], including a floater with a pendulum
connected to a hydraulic system. As the pendulum moves with the
motion of the ocean waves, seawater is pressurized and cleaned through
a reverse osmosis membrane, generating freshwater [114].

4.2.10. Odyssée
The Odyssée WABRO system consists of a buoy connected to a hy-

draulic cylinder pump. The motion of the waves is transferred to the
pump, generating a pressure to drive oil through a hydraulic rotating
motor, which is then connected to a pump pressurizing water for an RO
cleaning system [115,116].

4.2.11. Uppsala WEC/DES
The wave energy converter designed at Uppsala University, visua-

lized in Fig. 5, is a wave activated body, consisting of a point absorbing
buoy floating on the sea surface. The floater is connected via a wire to a
linear generator on the ocean bed. The motion of the buoy is transferred
through a generator, resulting in an induced voltage. Over the past
years, this WEC concept has been extensively studied, using simulations
and offshore experiments, including considerations on sustainability
and environmental aspects [117,118]. The Uppsala WEC is currently
studied at the Swedish west coast, by the town Lysekil, with offshore
experiments [76]. The Uppsala WEC/DES project contains an in-
vestigation of the possibility to use the Uppsala WEC to generate
freshwater, creating an autonomous and sustainable WABRO system.
Due to the simplicity of the WEC system, it can be scaled differently and
adapted for various locations. Initially, a small-scale WEC/DES plant
will be investigated. In the future, larger systems can be studied, in-
cluding several WECs in a park, connected to a desalination plant.

4.2.12. DEIM WEC/DES for Sicily
Sicily has been facing aridity, resulting in the installation of several

desalination plants on the island; in [48,49,50], the use of wave pow-
ered desalination was investigated for this region. The waves along the
Sicilian coast was outlined, determining the potential for wave energy
production and specifically for wave powered freshwater production
[48,49,50]. The WEC considered for the desalination process was a
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point absorbing submerged buoy with eight linear generators inside,
designed at the DEIM department of the University of Palermo [48,49].
A desalination plant powered by a wave power farm including several
DEIM WECs, integrated with a photovoltaic system, was discussed as a
case study for Pantelleria Island, including discussions on the en-
vironmental aspects of this system compared to one driven by fossil
fuels [48,50].

4.3. WABVC: wave activated body – (mechanical or thermal) vapor
compression

4.3.1. Edinburgh duck
In 1987, the wave energy concept called the Edinburgh duck, or

Salter's duck, was suggested to be used for an ocean wave-driven de-
salination system, as shown in Fig. 6. The cam-shaped floater was
hollow, of large sizes (20 m long and 6 m in diameter) and half-filled
with seawater. The nodding motion of the ocean waves was used to
compress vapor inside of the floater, desalinating the seawater using
vapor compression [119], thus being a WABVC system. In the paper of
Cruz and Salter from 2006 [120], new research regarding the directly
driven WEC/DES system is described, concluding that a similar desa-
lination principle as the one suggested inside the cam-shaped duck can
be obtained inside a cheaper and simpler circular cylinder.

5. Discussion of different WEC/DES topologies

All the described WEC/DES projects are summarized in Table 2,
showing the type of project, as well as how far along the projects are
and if they are currently ongoing, according to the available literature.

The purpose of these previous projects were, generally speaking, to
create a sustainable and autonomous WEC/DES plant to generate
freshwater at remote rural areas. Only a few of the previous WEC/DES
projects have proceeded all the way from an idea of a WEC/DES plant
to generation of freshwater - more specifically Delbuoy, the Vizhinjam
project, CETO Freshwater, SAROS and Odyssée have produced fresh-
water.

In the following, let us consider a WEC/DES project successful if the
plant is deployed in full-scale, actually producing freshwater - or at
least a project that has proceeded further in the process stated in
Table 2 at this moment. The inevitable question is: why are some of
these projects more successful than other projects? The more successful
projects have discussed more questions in different fields. This can
suggest that a holistic and sustainable approach to the WEC/DES re-
search, including a greater number of factors in the research, is more
likely to succeed than a work with a more narrow focus. Naturally, a
project which has proceeded through several project phases, such as the
steps described in Table 2, will have more information to share and
discuss in the paper. Including all the steps in Table 2 can be enough in
an initial project phase to give a hint on the future performance of the
WEC/DES plant and identify necessary improvements before producing
freshwater. Therefore, to carefully go through all the questions and
considerations of the project, with a sustainability focus, is advisable.
All project steps (research, simulations, small-scale tests and final de-
ployment) are pieces towards success.

Some of the discussions in literature regarding the projects lack
certain process steps. For example, the research on WaveCatcher, which
has not been fully deployed yet, includes small-scale tests but no pre-
vious computer simulations. Moreover, the economics or the environ-
mental issues of the project are not discussed thoroughly. This may
partially cause the fact that the idea, although technically interesting,
did not end up as a full-scale WEC/DES plant. Moreover, environmental
concern in all parts of the WEC/DES process is not always included in
the projects; for example, AaltoRO and Oyster only mention that the
brine will be disposed into the sea – little or no discussions regarding
the sustainability of this is described. On the other hand, sustainability
is in focus at the webpage of SAROS. Corsini et al. includes an inter-
esting sustainability view on their project as they compare the outcome
of different alternatives to cover the freshwater demand on an island.
The holistic view on a WEC/DES project has been discussed before.
Folley and Whittaker describe the complexity of these projects; they
note that some previous WEC/DES projects lack technical information
and that Delbuoy and the plant in Kerala might not be sustainable due
to economic issues [105].

There are many requirements connected to sustainability, enhan-
cing the complexity of creating a well working plant. A sustainable
WEC/DES system is built upon a concern about economic, social and
environmental aspects of all project phases, including for example
considerations on concentrate management and water quality control.
An autonomous WEC/DES plant, as well as any desalination plant au-
tonomously powered by renewables, can suffer from complications of
variance in produced power, due to the intermittency of the renewable
energy source. However, not including a local electric grid in the
freshwater production process have several benefits, especially for rural
communities with undeveloped grids. This research provides a frame-
work for future studies on wave powered desalination systems, sug-
gesting a terminology to describe the technical functionality (WEC/
DES, OWCRO, WABRO, WABVC and so on). It is concluded that au-
tonomous wave powered desalination can be a feasible and sustainable
alternative to more commonly used desalination systems, which often
include fossil fuels.

Fig. 5. The wave energy converter designed at Uppsala University, Sweden, including a
floating buoy connected to a linear generator.

J. Leijon, C. Boström Desalination 435 (2018) 161–171

167



5.1. WEC/DES considerations

There are many important considerations when combining a wave
energy converter and a desalination plant. Some of the topics discussed
in reference literature regarding WEC/DES systems can be summarized
in these categories:

• Location

• Wave power system

• Desalination system

• Environment

• Cost

• Overall project

However, in large projects, there will always be new questions
raised. Although the questions have been divided in different topics,
they often span over several fields. Surely, many other questions re-
garding WEC/DES projects can be added to this description.

Firstly, the location of the WEC/DES plant will be investigated
(onshore and/or offshore) describing the local area including the
seastate and characteristics of the saline water (pH, TDS, hardness, al-
kalinity and so on), the local freshwater need, possibility of transpor-
tation to the site and some information regarding the performance of
the existing local electric grid, and whether or not it should be included.
Moreover, the wave power system used to power the process should
be identified, studied and preferably tested; has this WEC been suc-
cessfully deployed before and what kind of maintenance is needed? The
ratings of the wave energy plant (current, voltage, power) has to be
investigated, the use of some energy storage units, such as batteries or
capacitors, are discussed along with considerations on how the inter-
mittency and fluctuations of the power system can be handled. The
desalination system used to clean the water has to be outlined.
Sustainable desalination systems involve discussions regarding pre-
treatment, after treatment, energy recovery, fouling and concentrate
management. The amount of water produced will be estimated, the
transportation, storage and distribution of freshwater should be

Fig. 6. Sketch of the Edinburgh duck desalination system [120].

Table 2
Reviewing relevant literature, the following table shows how far the WEC/DES projects have proceeded and whether they are seemingly ongoing or not.

Concept WEC/DES Research Simulation Test Deployed Company Ongoing

3D & surge WABRO × × − − × −
AaltoRO WABRO × × − − − −
Buoy array WABRO × × − − − −
CETO WABRO × × × × × −
Delbuoy WABRO × × × × × −
DEIM WABRO × × − − − −
Duck WABVC × × − − − −
ISWEC WABRO × × − − − −
Odyssée WABRO × × − × − ×
Oyster WABRO × × − − − −
SAROS WABRO × × × × × ×
Uppsala WABRO × − − − − ×
Vizhinjam OWCRO × × × × − −
WaveCatcher OWCRO × − × − − −
Wind/wave WABRO × − − − − −

J. Leijon, C. Boström Desalination 435 (2018) 161–171

168



planned for and the quality of the water has to be carefully tested and
secured. In all steps, the environment has to be in focus, investigating
how each part of the WEC/DES system affects the area. The question is
whether the planned WEC/DES system will be sustainable and en-
vironment-friendly, or not. The cost of the WEC/DES project is im-
portant, and it is necessary to know who owns and pays for different
parts of the system, and which economic limitations there are. The cost
of the produced water can be compared to other alternative ways to get
freshwater, and the WEC/DES process has to be economically feasible
and competitive. Finally, looking at the overall project, several con-
siderations can be discussed, such as the timeline of the project, the
competence of the people working with it, the safety on the site and the
responsibility of those involved. For example, is there a backup system
if the WEC/DES stops working? There may be several regulations that
have to be followed. Simulation programs and small-scale prototypes
can be used to predict the performance of the WEC/DES plant before
final deployment. In short, there are many questions and considerations
in need of attention when planning or deploying a WEC/DES plant.

5.2. Directions for future research and development

A significant amount of papers discussing desalination powered by
renewables or WEC/DES projects (almost all authors in this field) begin
their paper with an outlook of the water shortage situation (and the
need of renewable energy) worldwide, with a focus on the great and
severe need in many rural areas – this review article is not an exception.
The texts show a real concern about humanity and the environment. If
the main goal actually is to decrease poverty and the freshwater need,
there is a problem with these papers - often ending at nothing more
than a suggestion of a solution, a simulation work or similar initial
research - rarely in freshwater production. With this strong concern
about freshwater production, the main goal of the researchers should be
to actually build a prototype of a sustainable and autonomous WEC/
DES unit and thereby take necessary steps towards a more equal and
sustainable society. Some of the successful projects do not discuss the
severe freshwater demand at all; they go straight to describing the
technology and the outcome of the research. Maybe a focus on the
actual system at a specified location may lead to more successful pro-
jects. In either case, researchers with the aim of producing freshwater
should do their best to not stop their work at the presentation of a novel
WEC/DES idea; they should aim at actually building it in a sustainable
way.

The cost of desalinated water from a WEC/DES plant is still not
known and there are only a few attempts to commercialize the ideas of
freshwater from ocean waves. The technique is rather new and the
suggested prices for desalinated water from renewable resources,
especially from WECs, varies or are not described fully [105,111,121].
There are many challenges to overcome in order to generate freshwater
from an autonomous and sustainable WEC/DES plant. The environ-
mental aspects as well as the issue with power fluctuations from the
WEC have to be handled, opening up for more interesting future re-
search in the field of wave power and freshwater.

6. Conclusion

In this study, different WEC/DES systems have been reviewed.
Several research projects have been investigated, outlining the possi-
bility of using a certain WEC, as well as other renewable energy sources,
to power a desalination process. All investigated literature in the field
state that it is possible to create a wave powered desalination system
and there is a hopeful future for wave powered desalination. However,
there are still many uncertainties on how to actually build these kinds
of WEC/DES plants, and there is a necessity of more research.
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