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Abstract

Western Cape, South Africa is currently facing great challenges trying to
deal with the rapidly shrinking water sources for the industry and public. Day
Zero marks the day when the capital city Cape Town completely runs out of
water. To slow down the arrival of Day Zero the government implemented strict
rules on water usage. However, new water sources must be found to create a
long term solution. This report focuses on the possibility of using desalination
to create drinking water using the constant availability of seawater. Multiple
desalination systems using thermal and membrane based technologies will be
introduced and evaluated considering the situation in Western Cape. The highest
focus in the evaluation is paid to the energy consumption, the cost, running time
and capacity of these technologies in respect to the requirements of the Western Cape.

Thermal desalination technology is concluded to be too energy consuming for
the implementation in the Western Cape, even though these technologies account
for a large portion of today’s desalination plants. Thermal processes relying on
renewable energies to lower the operational costs seem to be in an early stage of
research or only applicable for small scale implementation. Membrane desalination
technology has a lower energy consumption, as the aggregation state of the water is
not changed. In comparison to other countries using desalination and current results
in research, reversed osmosis is considered as the best fitting option for Western
Cape. In regards to long-term implementation, sustainable alternative sources of
energy are considered in combination with the desalination plants. Long-term,
large scale wind-powered seawater reverse osmosis plants are concluded to have
the greatest benefits in cost-effectiveness compared to other systems and, hence, it
proposed as the most viable solution.
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1 Introduction
Cape Town, South Africa, is experiencing a severe lack of water and day zero is approaching, which
would be the day that the city is forced to turn off its water outlets across the city [1]. In face of
this threat, the South African city has to find an effective long-term solution to the water crisis
[2]. The high reliability of Western Cape on dams as fresh water sources brings its own problems,
such as the dependency on decreasing rainfall. Factors such as water pollution and climate change
will make the water supply more difficult in the future, which can already be observed today: in
the week of the 23rd of April 2018, the average daily production of all water sources in the city
of Cape Town was 507 000 m3/day and the average daily collection of “The Western Cape Water
Supply System”, WCWSS, large dams was only 476 000 m3/day [3]. 94% of Western Cape’s water
supply is dependent on large dams. Further decrease in rainfall and evaporation of the stored
water endangers this source. Therefore, Cape Town cannot rely only on these dams anymore, and
new water sources must be found.

The total coastline of South Africa is over 2500 kilometers, and the seawater would offer an
almost infinite supply of water which does not dependent on rainfall. The desalination of seawater
in order to extract useful drinking water is a solution for cities like Cape Town, which have lim-
ited natural freshwater resources and are located close to the sea. However, this technique is not
undisputed. The desalination of seawater is regarded as energy intensive and polluting, due to the
production of highly saline and polluted wastewater [4]. For this reason, critics do not necessarily
regard seawater desalination in large plants as a suitable instrument to counteract water scarcity
[5]. Rather, they focus on the sparing use of water, modern water management, the renovation
of drinking water networks or the treatment of wastewater. However, the desalination of water
in arid areas is currently arguably the only available method to secure the freshwater supply of
the population [6]. So in areas like Cape Town, which are threatened by a severe lack of available
water, desalination could be the solution [7].

All desalination plants currently implemented in Western Cape use Reverse Osmosis, RO, de-
salinate seawater. These RO plants are not seen as a permanent solution to the water crisis, as
most contracts for the plants run out after two years when the plants will be demolished by the
company in charge. South Africa has multiple small to medium sized plants in different regions [2].
This is necessary due to the weak water infrastructure that is not adapted to the new technology.
Each smaller plant only generates water for that specific region located at the coast. One of the
largest SWRO plants of Western Cape is situated in Mossel Bay with a capacity of 15.000 m3 /day
of which 2

3 are destined for domestic use while 1
3 goes into the industry [8]. On a world scale, this

is a medium sized SWRO plant [9]. The whole project costs around 210 Million ZAR (1̃4 Million
Euro) [8]. For comparison, the SWRO plant in Spain produces 200.000 m3/day and was build for
230 Million Euro [2].

Time and cost constraints are key criteria for the construction of new desalination plants in
Western Cape. As day zero is approaching, which is calculated to happen in August 2019 [10],
solutions have to be found and implemented within a decreasing time frame. Furthermore, due
to the decreasing financial means of South Africa, partly caused by the drought [11], a high focus
needs to be paid in increasing the cost-efficiency of possible solutions. The means for the initial
investment of desalination plants and for the production of water are relatively limited when
compared to countries which currently use desalination technology [12]. In addition, the water
distribution in Western Cape can be described as problematic, due to high water loss and unequal
distribution [4]. As this report is focusing on desalination technology, the distribution of the water
will be neglected.

1.1 Global Situation
Cape Town’s water crisis can be compared to a number of other countries, which implemented
desalination plants after the first attempts to desalinate water in 1600 and the world’s first com-
mercial traditional desalination plant built 1881 in Malta [13]. Nowadays, there are three countries
that use desalination extensively and, therefore, can be taken as an example for Cape Town: Saudi
Arabia, Spain, and Israel. All three countries were able to increase their drinking water production
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by desalination in a timely and cost-effective way [2].

In Saudi Arabia, the Ras Al Khair hybrid desalination plant has a drinking water output of
1036000 m3/ day [14]. This plant was built between 2011 and 2014 and had a total cost of 7.2
billion US dollars [14]. This kind of system, a hybrid desalination plant, relies on both multi-stage
flash distillation and reverse osmosis technology [2]. The multi-stage flash desalination has been
the most common within the desalination industry with a market share of close to 60% of the total
world production capacity in 1999 [15]. However, due to its reliance on the thermodynamic cycle,
this hybrid method is more energy intensive compared to other methods [2]. Nonetheless, Ras
Al Khair is the biggest desalination plant of its kind, capable of serving approximately 3.5 billion
people in the city of Riyadh.

In response to a drought in 2006 , Barcelona built a seawater desalination plant with a drinking
water output of 200 000 m3 / day [16]. It supplies drinking water to around 1.3 million people in
the region [17]. Hence, this system has a lower drinking water output as the Ras Al Khair hybrid
desalination plant. However, the system is less energy intensive due to the use of reverse osmosis
technology [18], which also makes it more feasible for the government to implement. To improve
the sustainability of this plant more than 5200 photovoltaic modules are installed on the roofs
which generate around 1 MW of electricity annually [2], see figure 1.

Figure 1: Desalination Plant Barcelona [17]

The Sorek desalination plant located
in Israel has a drinking water output of
624 000 cubic meters per day [19]. It
is the largest seawater reverse osmosis de-
salination plant in the world and opened
in 2013 at a construction cost of around
USD $500 million [20]. As such, it is
the largest and most cost efficient reverse-
osmosis desalination plant in the world.
The desalination plant in Tel Aviv prof-
itably sells water to the water author-
ity located in Israel for 58 U.S. cents
per cubic meters, which is a lower price
than most of today ’s desalination plants
can provide. Furthermore, its energy
consumption is among the lowest in the
world for large-scale desalination plants
[20].

Overall, there is an ever growing number of desalination plants with around 18.000 desalination
plants worldwide in June 2015, which are able to produce more than 86.8 million cubic meters of
drinking water each year for more than 300 million people which relying on them [21]. All of
them could be an example for Cape Town, helping to find a suitable desalination technology and
overcoming the lack of water.

This consultancy report summaries the different kinds of desalination technologies that can
be used as a solution to the water scarcity in Cape Town, of which some are already in use, and
others are in a developing phase. The focus is to find a suitable desalination technology for the city,
which for example could result in multiple small scale or one large scale desalination plant as the
perfect solution. This report limits itself to industrial desalination plants, as the eventual solution
should be able to generate drinking water for the whole city of Cape Town. After the working
of different types of technologies have been be discussed, the technologies will be evaluated and
compared to the situation in the Western Cape to find applicable technologies. In consideration
of these findings, this report will give an in-depth explanation and evaluation implementation.
The related opportunities and challenges of the technologies, desalination as a whole, as well as
the environmental and social aspects will be discussed. The report will end with a summary and
proposed outlook to the future implementation of desalination plants in Cape Town.
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2 Theoretical Background
Desalination technologies use energy to separate the dissolved salts from the water. This leads
to two end products, one being the desired fresh water and the other being a concentrated salt
water, brine stream [22]. The United State Geological Survey (USGS) [23], uses the following
classifications for dissolved salts in water:

Water classification Salt concentration in parts per million
Fresh water (drinking water) > 1,000 ppm
Slightly saline water 1,000 ppm - 3,000 ppm
Moderately saline water 3,000 ppm - 10,000 ppm
WHighly saline water (seawater) 10,000 ppm - 35,00 ppm

The following section lists the most common procedures divided in thermal and membrane based
processes and in order of economic importance in each part. A thermal process, namely multi-stage flash
evaporation (MSF), is the most widely used for a large scale applications. However, reverse osmosis, a
membrane process, is widely regarded as the most promising technology in future use.

2.1 Thermal Technology
2.1.1 Principle

Thermal technologies, as the name implies, involve the heating of saline water and collecting the condensed
vapor (distillate) to produce pure water [24]. What remains is a salt brine, which is reintroduced into the
sea. In order to evaporate water, it must have a suitable temperature, which in turn depends on the
ambient pressure. If the water stops to evaporate, either more heat or a lower ambient pressure can be
supplied. The specific enthalpy of evaporation of water is significantly high, as it takes 700 kWh [25],
which is almost the average energy use of an american family household per month [26], to evaporate one
cubic meter of water. To reduce the energy required, multiple chambers are vaporized in succession, each
operating at a slightly lower temperature and pressure. The three most important thermal processes are
Multi Stage Flashing (MSF), Multi Effect Distillation (MED), and Vapor Compression Distillation (VCD)
[24].

2.1.2 Multi-Stage Flash Distillation (MSF)

The Multi Stage Flash process was the first desalination process used on an industrial scale in 1960. Today,
it still accounts for a large share of the global output [22]. This process involves distillation through several
(multi-stage) chambers, see figure 2. First, the seawater flows through a heat exchanger into the heater,
where it is brought to a temperature of 90 to 115 ◦C. It then flows into a chamber with a lower pressure,
where it evaporates. The water vapor condenses at the coldest part of the chamber - the heat exchanger -
recovering part of the energy needed for the evaporation.

Figure 2: Simplified structure of the Multi-Stage Flash Distillation Process [27]

The remaining brine flows into the evaporator chamber of the next stage, in which an even lower pressure
and a lower temperature prevail. This process is repeated, with decreasing pressure and temperature from
stage to stage, so that in each evaporator chamber, a flash evaporation takes place [28]. In the upper
part of each stage, the steam is condensed on a cooler surface and the distillate is withdrawn. The plants
currently in operation typically have 20 to 40 stages depending on the targeted size [29].
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2.1.3 Multi-Effect Distillation (MED)

In multi-effect distillation, the seawater is first heated to a temperature of about 65 ◦ C [28]. In the
chamber of the first stage the seawater is trickled along the outside of heated evaporator tubes, on which
the water partly evaporates, see figure 3. This steam is supplied into the tubes of the second stage and
condenses in them with heat release. The remaining brine of the first stage is sprinkled on the evaporator
pipes of the second stage from the outside. Due to the lower pressure level in the second stage chamber,
some of the trickling brine evaporates again. This process repeats until the last stage with the highest
salt concentration, the lowest pressure and the lowest temperature is reached. The number of stages is
between 8 and 16 depending on the size of the plant [30]. MED systems have a better energy efficiency
due to a higher energy recovery by reusing the released heat in the condensation process for evaporating
the remaining water. However, despite the better efficiency of the MED systems, they have not been able
to prevail over the MSF technology. On the one hand, this is due to the developmental advantage of the
MSF technology, which resulted from the longer existence of this technology [30]. On the other hand there
have been problems with the incrustation of the heating surfaces in the past [31].

Figure 3: Simplified structure of the Multi-Effect Distillation Process [27]

2.1.4 Vapor Compression Distillation (VCD)

In the vapor-compression system, heat is provided by the compression of vapor rather than by a direct
heat input from a boiler [32]. When the vapor is rapidly compressed, its temperature rises. Some of the
compressed and heated vapor is then recycled through a series of tubes passing through a reduced-pressure
chamber, where evaporation of the water occurs, see figure 4. Electricity is the main source of energy for
this process. The vapor compression distillation (VCD) process is used either in combination with other
processes such as the MED, or by itself [33]. Vapor compression (VC) units have been built in a variety
of configurations. Usually, a mechanical compressor is used to generate the heat for evaporation [32]. The
VC units are generally small in capacity, and used for small-scale desalting applications—for example, at
coastal resorts [34].

Figure 4: Simplified structure of the Vapor Compression Distillation Process [27]
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2.1.5 Additional Processes

Two other significant thermal processes are solar humidification and freezing [35][36]. In solar humidifi-
cation, salt water is collected in shallow basins in a “still,” a structure similar to a greenhouse [37]. The
water is warmed as sunlight enters through inclined glass or plastic covers. Water vapor rises, condenses
on the cooler covers, and trickles down to a collecting trough. Thermal energy from the sun is free, but a
solar still is expensive to build, requires a large land area, and needs additional energy for pumping water
to and from the facility. Solar humidification units are suitable for providing desalted water to individual
families or for very small villages where sunlight is abundant [36].

The freezing process, also called crystallization, involves cooling salt water to form crystals of pure
water [35]. The ice crystals are separated from the unfrozen brine, rinsed to remove residual salt, and
then melted to produce fresh water. Freezing is theoretically more efficient than distillation, and scaling
as well as corrosion problems are lessened at the lower operating temperatures. However, the mechanical
difficulties of handling mixtures of ice and water prevent the construction of large-scale commercial plants
[35]. In hot climates, heat leakage into the facility is also a significant problem [35].

2.2 Membrane Technology
2.2.1 Principles

Membrane technologies, as the name implies, make use of membranes as a filter to sort out unwanted
substances. Different types of membranes can be used depending on the size of the unwanted particles.
Most commonly known are porous membranes that have microscopic gaps which only let particles of a
specific size through [38]. The dissolved salt ions of saline water, however, are too small for this technique
and, therefore, most desalination technologies use nonporous membranes. A permeate can be transported
through such a dense membrane due to diffusion which is encouraged by pressure, concentration difference,
or electrical potential [38].

2.2.2 Seawater Reverse Osmosis (SWRO)

RO takes the phenomenon of osmosis, which describes the natural diffusion of a solvent through a membrane
from a high concentration to a low concentration to form an equilibrium, and inverses the process. By using
pressure the water is forced to flow from high concentration to low concentration through the membrane
leaving the salt solvents behind in the concentrated water, which becomes more concentrated over time
[9] Figure 5 shows a simplified structure of the basic process using RO. The membranes used for seawater
reverse osmosis SWRO have to reject 99,3% of the salt to produce acceptable permeate [38]. The pressure
applied has to be greater than the osmotic pressure to create a positive net pressure that prevents the
natural flow of diffusion. The osmotic pressure is dependent on the concentration difference between the
two solutions. Seawater can have an osmotic pressure of 2300–2600 kPa, for comparison atmospheric
pressure is at 101.325 kPa. During the process this pressure will rise and, therefore, most RO plants work
with a hydrostatic pressure of 6000 - 8000 kPa [9].

Figure 5: Simplified structure of the basis process using Reverse Osmosis [39]

The flow rate of the water through the membrane is defined as the fluid flux which is dependent on the
net pressure as well as the dimensions of the membrane. The fluid flux over the volumetric flow rate of the
feeding stream defines the recovery rate of the water and is an indication of performance [40]. Nowadays,
the recovery rates can vary between 35% to 85%, depending on multiple factors, that can highly influence
the overall cost of the RO plant [9]. A higher recovery also causes a higher salt concentration in the brine
stream, which increases the osmotic pressure. Many plants work at a 50% recovery creating a brine that is
twice as saline as seawater [41], which creates an imbalance of the salt concentration when released causing
negative effects on the environment.
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Another important factor for the efficiency of a RO plant are the components of the feeding stream.
Directly using seawater without any pre-treatment causes the feeding stream to carry much more than only
dissolved salts, that also need to be filtered out. Especially the organic matter can cause surface fouling on
the membranes. This causes a decrease in the fluid flux and overall productivity goes down [42]. Regular
check ups and exchanging of the membranes adds to the running costs of the treatment plant.

2.2.3 Electrodialysis (ED)

As already mentioned, electrical potential can also be used as a motivation for ions in solution to move
through a semipermeable membrane, which are either cation or anion selective. A cation selective mem-
brane holds fixed cations and therefore only anions can permeate the membrane, which makes this tech-
nology charge selective as opposed to the more common size selective processes. Neutral particles are not
affected by these membranes. This is a relevant approach since many dissolved salts in water are ionic and
therefore, carry a charge. The voltage creates a cathode and an anode which attract cations and anions
respectively. By stacking the membrane types in an altered fashion all charge carriers can be removed in
a cycled process of water treatment. Pre-treatment of the feeding stream is needed to filter out particles
that might harm the membrane due to size or their ability to neutralize them, like colloids or ion oxides
[43].
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3 Application
Desalination technology is a controversial topic, partly due to the variety of processes as discussed above.
The technologies are often connected to several drawbacks, which have the potential to significantly in-
fluence the feasibility of this form of water supply. High capital cost and high energy demand are often
associated to constructing large scale desalination plants, as needed in South Africa [44]. Once constructed,
many technologies are associated with high production costs due to the high energy consumption of the
plants [44]. In addition, large scale desalination plants may cause environmental problems on the marine,
land, underground, and air environment, including brine emission, noise pollution, etc. [45]. Furthermore,
desalination plants may cause social rejection of the resulting rise in water prices or by the owners of the
project land and of the neighboring land [46].

Desalination, nonetheless, offers a considerable solution for the water shortage in South Africa, as de-
salination is an alternative water supply not dependent on the rainfall. Desalination is regarded to have
a relatively high security production rate, compared to lower reliability of the conventional water supply
systems, as the availability of seawater is constant. The achievable water quality of desalination plants
may be designed to meet potable and industrial standards [47] and, hence, is applicable to the require-
ments in South Africa. Furthermore, desalination plants can be installed in areas on the coastline where
conventional water supply is not available and its construction time can be relatively short if compared to
other alternatives [48].

To ensure that the advantages of desalination technologies outweigh the related drawbacks an in-depth
evaluation of the technologies in consideration of local requirements is necessary. In the coming sections,
the presented technologies will be evaluated based on a set of criteria including financial costs, energy
requirements, source water characteristics, efficiency of the technology, geographical and local constraints,
product water quality, environmental factors and waste disposal options, operational and maintenance
issues, and utilization rates. The financial costs are further divided into capital costs, such as the purchase
of equipment, land, construction charges, as well as annual operation and management costs, such as costs
for labor, energy, chemicals, consumables and spares [48].

Reconsidering the described technologies, the large energy consumption of thermal processes based
on evaporation is reason to not consider multi stage flash distillation, multi effect distillation, and vapor
compression distillation for desalination of seawater in South Africa, unless sufficient waste heat (e.g. from
a nuclear power generation) or low cost energy is available [49]. Both multi stage flash distillation and
multi effect distillation consume at least three times as much energy per produced cubic liter of water than
reverse osmosis (RO). Considering the relatively high costs and low availability of energy in the Western
Cape, multi stage flash distillation and multi effect distillation are not feasible for long-term implementa-
tion. As vapor compression is mainly used in combination with multi effect distillation, it can be neglected
for the same reason. Nonetheless, the reliable performance of thermal processes make these technologies
highly competitive against the RO process [49], if the availability of energy in South Africa can be increased.

Electrodialysis is in theory well suited to desalinate seawater, but it is mostly used for wastewater
recycling. The reason is very straightforward and relates to the efficiency of the system. When dealing
with slightly saline water, it is mostly the flow rate of the feeding stream that determines the rate of de-
salination. However, when using seawater, the salt concentration is significantly higher, so it starts to have
an even larger impact on the efficiency than the flow rate. As the conductivity of seawater is proportunaly
linked to the amount of ions in it, more energy is required with decreasing amount of ions, for example
by desalination [50]. Hence, the cost of an ED plant is proportionally linked to the amount of salt that is
filtered and, therefore, does not fulfill the criteria of a cost efficient system.

The experimental technologies that are considered nowadays are mostly very cost efficient, which,
however, only applies on a small scale which makes them not applicable on an industrial level [51]. Solar
humidification and freezing are therefore not feasible as a solution for the water crisis in the Western Cape.

RO is a well researched and tested technology which is mostly implemented in other countries like
Israel, Saudi Arabia or Spain. Furthermore, it is seen as a cheaper and less energy consuming technology
compared to MFD [2]. The popularity of RO increased once the technology was combined with Energy
Recovering Devices (ERD) that allow to lower the total energy consumption. The pressure difference be-
tween the applied pressure of the RO and the concentrated brine can be used to activate turbines to regain
a small percentage of energy by their movement. This and the further development of the membranes
helped to reduce energy consumption from 10 kWh/m3 to 4 kWh/m3 [52]. These numbers represent the
total energy needed and, therefore, also include the pre- and after-treatment of the water, while the actual
process of RO only contributes 85% to the required energy. Due to the global interest in the technology
investments drove the development of SWRO plants further and new technologies are being tested in the
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field. A recent pilot study successfully tested the potential to operate a small scale SWRO plant with only
1.8 kWh/m3 at a recovery of 50% [41].

The costs of a SWRO plant are related to the capacity of the plant. The relation between capacity and
capital cost is linear concluding from cost analysis of existing plants [2, 8]. Capital costs are mostly de-
pendent on the materials involved. The larger a desalination plant has to be the more membrane material
is needed which sets a clear limit for capacity when being on a tight budget. Operation and Management
costs of a SWRO, however, reach saturation with increasing plant capacity. The relative unit water costs
(Euro/m3) is higher for small SWRO plants (< 5000 m3/day) compared to larger ones [9]. The only costs
that differ during this period are the ones for maintenance since it goes back to the material usage and
they are not as significant. Concluding, large SWRO plants have a higher cost-efficiency in long-term use
compared to multiple smaller plants producing the same amount of water in total.

One of the biggest concerns is the sustainability of this technology. The main factors that need to
be considered include greenhouse gases, intake of marine organisms, brine disposal and material use [52].
While the energy needed for SWRO is being minimized there is a theoretical limit to any desalination
process due to the laws of thermodynamics [41]. Currently SWRO uses fossil fuel based energy to function
which causes greenhouse gas pollution [9]. Alternative energy sources would be wind, nuclear, and solar
energy which have not been implemented into the energy system in South Africa yet. As current nuclear
power plants are associated with the production of nuclear waste and a high risk of damage [53], the
sustainability of nuclear plants is arguably. Since a solution to the current water crisis in South Africa
has to be robust to future problems arising, nuclear power is neglected. The use of renewable energies to
power SWRO desalination is of major significance for the long-term sustainability.

3.1 Energy Supply
Increasing energy efficiency and the use of sustainable energy in the desalination process has made signifi-
cant progress in recent years and is predicted to result in feasible technology. A variety of combinations of
Renewable Energy Sources and DESalination (RES-DES) processes have been explored and implemented.
Today, commercial desalination systems (e.g. MED, MSF, RO and VC) powered by renewable energies
are in operation [54, 55, 56].

Solar energy can be transformed into electricity by photovoltaic processes to power SWRO plants.
This processes has been largely developed for small scale, isolated systems for which the current available
technology is well suited. However, recent development in the technology enable the implementation in
bigger plants, such as the one in Barcelona. The comparably high initial investment due to the need for
sophisticated materials represents a significant barrier for the implementation in the Western Cape. In
addition, large scale photovoltaic SWRO require extensive space, which is regarded to be less of a problem
for the implementation in South Africa. It is reasonable to assume that photovoltaic SWRO plants might
become a feasible option as the cost of photovoltaic solar panels has decreased within the last few years
[57, 58, 59, 60].

Solar thermal energy is most efficiently used by the means of a solar organic Rankine cycle to power
SWRO plants [61, 62, 63]. A Rankine cycle consisting ideally of an isobaric heat transfer, an isentropic
expansion, an isobaric heat rejection, and an isentropic compression can be achieved in various setups.
Most commonly, a Rankine cycle using water or an organic compound is suggested to power RO systems.
The use of parabolic collectors allows a significantly high overall performance [64, 65]. Nonetheless, also
stationary solar collectors are suggested in literature [66]. All relevant criteria compared, such as solar
field size and capital cost, showed that Rankine cycle for RO systems is superior to photovoltaic processes
for the medium to large scale plants in the Western Cape.

Wind powered SWRO are largely explored in research and, hence, can be seen as an advanced process,
which in its current development stage is ready for implementation [67, 57]. As wind is often available
in comparable high, and relatively stable amounts, the use of wind power in coastal areas, such as the
Western Cape, or offshore is arguably high-yielding [68]. In addition, the transformation of wind into
a usable form of energy is more cost-effective than the transformation of solar energy. Wind can either
be converted into mechanical or electrical energy to power a SWRO. In order to make use of mechanical
energy produced by wind turbines, high-pressure pumps must be connected to the turbines by mechan-
ical coupling or an hydraulic system. Even though current research states progress, this requirement is
associated to comparably large energy losses for high capacity plants. Hence, only the use of electrical
energy is of significance for medium or large scale plants as required in the Western Cape [69, 70]. Due
to inconsistencies in the frequency of the electrical grid provided by wind power, product water flow and
conductivity are marginally impacted, which, however, counterbalances itself over time [57]. Thus, it is
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suggested as the most suitable RES-DES option.

Concluding, wind powered SWRO plants can be regarded as the most promising technology for the
Western Cape [71]. If adequate wind energy sources are not available, solar thermal-powered RO is the
best technology. Solar photovoltaic processes are likely to become a feasible option for the Western Cape,
but currently are connected to higher capital costs, and, therefore, are not advisable. Further on, attention
has to be paid to the reduction of RO plant investments, energy consumption, and capital costs of solar
and wind energy systems [72]. Improvements in control systems to ensure the adequate operation of
RO systems powered by discontinuous energy sources [73], energy storage systems, and the robustness of
electricity networks to withstand heavy variable loads can be of high significance for an implementation in
the Western Cape.
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4 Discussion
While desalination is a very reliable option to solve the water crisis in Cape Town, it also has negative
environmental and social impacts [74]. Due to the high cost, energy intensity and overall ecological footprint
of desalination, most environmental advocates view it only as a last resort for providing fresh water to needy
populations [74]. The following part goes into depth about these consequences of desalination, in particular
of reverse osmosis. Nonetheless, many RES-DES plants have a comparable small capacity and are not yet
completely developed, which limits their current significance for the Western Cape. When comparing
different RES, wind, solar photovoltaic and solar thermal energy are the most advanced technologies in the
current state of research [60]. Therefore, further description of solar photovoltaic powered, solar thermal
powered, and wind-powered SWRO is provided below.

4.1 Environmental Impacts
The primary impact of conventional open-ocean intake desalination systems is the impingement and en-
trainment of marine organisms [75]. However, these impacts can be minimized by locating the intake
pipes in a location where oceanic production is low. Modern intake systems are elevated from the seafloor
and have larger openings, covered by mesh to lower intake velocities in order to avoid impinging of small
organisms such as larvae and eggs [76]. Furthermore mitigation, like environmental restoration of habitat
or restocking, can also provide an acceptable solution to these impacts [75]. Nonetheless, according to
marine biologists, intake pipes essentially vacuum up and inadvertently kill millions of plankton and other
microbial organisms that constitute the base layer of the marine food chain [77]. This can lead to massive
environmental ramification throughout many other ecosystems.

The emission of desalination plants with discharge scenarios can lead to substantial increases in salinity
and temperature, and the build-up of metals, hydrocarbons and toxic compounds in receiving waters [78].
The biggest environmental and ecological impacts have occurred around older multi-stage flash (MSF)
plants, which discharge to water bodies with little flushing. The processes of seawater reverse osmosis
desalination is associated with further issues. SWRO plants tend to have less thermal impacts [78], but
produce saltier brines [75]. These salty brines can increase the salt concentration of the seabed, which
can lead to the diminishment of coral reefs, crawlers and vegetation which is not mobel [79]. Desalination
powered by RES is mostly a zero-carbon emission process and the improvement in solar technology enables
overcoming previously existing problems like the build-up of metals, hydrocarbons and toxic compounds
and high temperatures [78], which affected the efficiency of previously used solar panels [80].

4.2 Social Impacts
The technical, economic and environmental aspects of desalination plants have increasingly received atten-
tion in recent years. However, social aspects of such units have often been neglected resulting in abandoned
and dysfunctional systems [81]. For instance, the massive introduction of desalination technology has trig-
gered fundamental cultural changes. On the one hand, desalination might transform an -up to then- rare
good into an apparently endless resource, dismissing in this way the traditional and water-saving conscious-
ness developed by the local population [74]. A risk for places like Cape Town would be that people go
back to their old habits and again use too much water [81]. On the other hand, an increase of water prices
resulting from higher production costs can lead to significant social reject [82]. An unright allocation of
water access favoring wealthier part of the society might result, or be further strengthened as in the case
of the Western Cape. As access to water is a crucial part of human basic services, the selling of water has
to be seen critically.

12



5 Conclusion
When comparing different desalination technologies, SWRO systems proved to have a significant lower
energy consumption, capital costs and environmental impacts than Multi-Stage Flash Distillation, Multi-
Effect Distillation (MED), Vapor Compression Distillation (VCD), Freezing Distillation, Solar humidifi-
cation and Electrodialysis. To further reduce the costs of SWRO desalination, the implementation of
the technology in large scale plants is advised to increase operation and maintenance cost-effectiveness.
In addition, capital cost-effectiveness can be maximised by aiming for the implementation of plants with
maximal operation time. As a long-term solution needs to be found, the sustainability of the technologies
must be consider to prevent new problems, such as extensive environmental pollution. Wind power can be
regarded as the most promising technology for the Western Cape, which can be complemented with the
use of solar energy in the future.

Currently, South Africa has multiple small to medium scale SWRO desalination plants powered by fossil
fuels, which were implemented as a rapid short-term solution to the water scarcity and have contractual
running time of two years. Hence, it is advised to shift to large scale wind-powered SWRO plants, which
are used over maximal operation time. Adaptations to large scale wind-powered SWRO plants, such as
the modernisation of the pipeline system, would need to be implemented. Furthermore, close attention
needs to be paid to the environment impacts of such plants, as the emission of brine as well as the intake
of seawater might significantly damage the surrounding environment. Social aspects, such as an unright
allocation of water access and the dismissing of water-saving consciousness, have to be counteracted. Most
likely desalination technology as described above cannot be the only solution to the current problem in the
Western Cape, but has to go hand in hand with other means, such as waste water treatment, reduction of
water consumption and rainwater catchment, etc. Nonetheless, desalination might pay a key role in the
water supply of the Western Cape in the future.

13



References
[1] S. Sandhu. Cape town water crisis: Why is water running out and what is

day zero? Retrieved on 22 April 2018, from https://inews.co.uk/news/world/
cape-town-water-crisis-day-zero-why-is-water-running-out/, April 2018.

[2] W.V. Zyl. Desalination: Global examples show how cape town could up
its game. Retrieved on 20 April 2018, from https://theconversation.com/
desalination-global-examples-show-how-cape-town-could-up-its-game-90949, May 2018.

[3] City of Cape Town. City of cape town: Water dashboard. Retrieved on 22 April
2018, from https://resource.capetown.gov.za/documentcentre/Documents/City%20research%
20reports%20and%20review/damlevels.pdf, April 2018.

[4] R. Philander. Watercrisis: Leaking pipes lead to huge water
waste. Retrieved May 12, 2018, from https://www.iol.co.za/capeargus/
watercrisis-leaking-pipes-lead-to-huge-water-waste-10988085, August 2017.

[5] D. Talbot. Desalination out of desperation. Retrieved on 22 April 2018, from https://www.
technologyreview.com/s/533446/desalination-out-of-desperation/, December 2014.

[6] A.M. El-Nashar. The economic feasibility of small solar med seawater desalination plants for remote
arid areas. Desalination, 134(1-3):173 – 186, 2001.

[7] The Straits Times. Taps set to run dry in drought-hit cape town. Re-
trieved on 23 April 2018, from http://www.straitstimes.com/world/africa/
taps-set-to-run-dry-in-drought-hit-cape-town, February 2018.

[8] VEOLIA. South africa’s largest seawater desalination plant [brochure]. Available at
http://www.veoliawatertechnologies.co.za/vwst-southafrica/ressources/files/1/
32048-Mossel-Bay-Desalination.pdf.

[9] L.F. Greenlee, D.F. Lawler, B.D. Freeman, B. Marrot, and P. Moulin. Reverse osmosis desalination:
Water sources, technology, and today’s challenges. Water Research, 43(9):2317 – 2348, 2009.

[10] E. Stoddard. Cape town ’day zero’ pushed back to 2019 as dams fill up in south africa.
Retrieved on 5 May 2018, from https://www.reuters.com/article/us-safrica-drought/
cape-town-day-zero-pushed-back-to-2019-as-dams-fill-up-in-south-africa-idUSKCN1HA1LN,
April 2018.

[11] J. Crabtee. Cape town is running out of water, and no one knows what economic im-
pact that will have. Retrieved on 5 May 2018, from https://www.cnbc.com/2018/03/06/
south-africa-cape-town-drought-economic-impact.html, March 2018.

[12] Y. Kamaldien. Watercrisis: No time to put desalination plants
to the test. Available at https://www.iol.co.za/weekend-argus/
watercrisis-no-time-to-put-desalination-plants-to-the-test-13210232, February 2018.

[13] Desalination plant history. Retrieved on 24 April 2018, from https://www.preceden.com/timelines/
332386-desalination-plant-history.

[14] Water Technology. Ras al khair desalination plant. Retrieved on 24 April 2018, from https://www.
water-technology.net/projects/ras-al-khair-desalination-plant/.

[15] H.T. El-Dessouky, H.M. Ettouney, and Y. Al-Roumi. Multi-stage flash desalination: present and
future outlook. Chemical Engineering Journal, 73(2):173 – 190, 1999.

[16] G. Keeley. Drought ignites spain’s ’water war’. Retrieved on 24 April 2018, from https://www.
theguardian.com/world/2008/apr/06/spain, April 2018.

[17] Water Technology. Barcelona sea water desalination plant. Retrieved on 24 April 2018, from https:
//www.water-technology.net/projects/barcelonadesalinatio/.

[18] Suez. Barcelona turns sea water into drinking water. Retrieved on 24 April
2018, from https://www.suez.com/en/our-offering/Success-stories/Our-references/
Barcelone-seawater-desalination-plant.

[19] Water Technology. Sorek desalination plant. Retrieved on 24 April 2018, from https://www.
water-technology.net/projects/sorek-desalination-plant/.

[20] D. Talbot. Megascale desalination the world’s largest and cheapest reverse-osmosis desalination plant
is up and running in israel. Retrieved on 24 April 2018, from https://www.technologyreview.com/
s/534996/megascale-desalination/.

[21] Desal. Desalination by the numbers. Retrieved on 24 April 2018, from http://idadesal.org/
desalination-101/desalination-by-the-numbers/.

14

https://inews.co.uk/news/world/cape-town-water-crisis-day-zero-why-is-water-running-out/
https://inews.co.uk/news/world/cape-town-water-crisis-day-zero-why-is-water-running-out/
https://theconversation.com/desalination-global-examples-show-how-cape-town-could-up-its-game-90949
https://theconversation.com/desalination-global-examples-show-how-cape-town-could-up-its-game-90949
 https://resource.capetown.gov.za/documentcentre/Documents/City%20re search%20reports%20and%20review/damlevels.pdf
 https://resource.capetown.gov.za/documentcentre/Documents/City%20re search%20reports%20and%20review/damlevels.pdf
https://www.iol.co.za/capeargus/watercrisis-leaking-pipes-lead-to-huge-water-waste-10988085
https://www.iol.co.za/capeargus/watercrisis-leaking-pipes-lead-to-huge-water-waste-10988085
https://www.technologyreview.com/s/533446/desalination-out-of-desperation/
https://www.technologyreview.com/s/533446/desalination-out-of-desperation/
http://www.straitstimes.com/world/africa/taps-set-to-run-dry-in-drought-hit-cape-town
http://www.straitstimes.com/world/africa/taps-set-to-run-dry-in-drought-hit-cape-town
http://www.veoliawatertechnologies.co.za/vwst-southafrica/ressources/files/1/ 32048-Mossel-Bay-Desalination.pdf
http://www.veoliawatertechnologies.co.za/vwst-southafrica/ressources/files/1/ 32048-Mossel-Bay-Desalination.pdf
https://www.reuters.com/article/us-safrica-drought/cape-town-day-zero-pushed-back-to-2019-as-dams-fill-up-in-south-africa-idUSKCN1HA1LN
https://www.reuters.com/article/us-safrica-drought/cape-town-day-zero-pushed-back-to-2019-as-dams-fill-up-in-south-africa-idUSKCN1HA1LN
https://www.cnbc.com/2018/03/06/south-africa-cape-town-drought-economic-impact.html 
https://www.cnbc.com/2018/03/06/south-africa-cape-town-drought-economic-impact.html 
https://www.iol.co.za/weekend-argus/watercrisis-no-time-to-put-desalination-plants-to-the-test-13210232
https://www.iol.co.za/weekend-argus/watercrisis-no-time-to-put-desalination-plants-to-the-test-13210232
https://www.preceden.com/timelines/332386-desalination-plant-history
https://www.preceden.com/timelines/332386-desalination-plant-history
https://www.water-technology.net/projects/ras-al-khair-desalination-plant/
https://www.water-technology.net/projects/ras-al-khair-desalination-plant/
https://www.theguardian.com/world/2008/apr/06/spain
https://www.theguardian.com/world/2008/apr/06/spain
https://www.water-technology.net/projects/barcelonadesalinatio/
https://www.water-technology.net/projects/barcelonadesalinatio/
https://www.suez.com/en/our-offering/Success-stories/Our-references/Barcelone-seawater-desalination-plant
https://www.suez.com/en/our-offering/Success-stories/Our-references/Barcelone-seawater-desalination-plant
https://www.water-technology.net/projects/sorek-desalination-plant/
https://www.water-technology.net/projects/sorek-desalination-plant/
https://www.technologyreview.com/s/534996/megascale-desalination/
https://www.technologyreview.com/s/534996/megascale-desalination/
http://idadesal.org/desalination-101/desalination-by-the-numbers/
http://idadesal.org/desalination-101/desalination-by-the-numbers/


[22] A.D. Khawaji, I.K. Kutubkhanah, and J. Wie. Advances in seawater desalination technologies. De-
salination, 221(1-3):47 – 69, 2008.

[23] H. Perlman and USGS. Saline water. Available at https://water.usgs.gov/edu/saline.html, De-
cember 2016.

[24] T. Brendel. Solare meerwasserentsalzungsanlagen mit mehrstufiger verdunstung-betriebsversuche.
Dissertation, (22000044):3–7.

[25] H.S. Aybar. Analysis of a mechanical vapor compression desalination system. Desalination, 142(2):181
– 186, 2002.

[26] US. Energy Information Administration. U.s. energy information administration - eia - independent
statistics and analysis. Retrieved on 14 May 2018, from https://www.eia.gov/tools/faqs/faq.php?
id=97&t=3, November 2017.

[27] S. Villa. Desalination technique. Retrieved May 15, 2018, from https://sites.google.com/site/
kjdesalination/vacuum-distillation?tmpl=/system/app/templates/print/&showPrintDialog=
1.

[28] B. van der Bruggen and C. Vandecasteele. Distillation vs. membrane filtration: overview of process
evolutions in seawater desalination. Desalination, 143(3):207–218, 2002.

[29] T. Mukushi, K. Izumi, S. Takahasi, Y. Okazima, T. Sawa, and M. Komai, 1976. U.S. Patent No.
3,966,562. Washington, DC: U.S. Patent and Trademark Office.

[30] M. Al-Shammiri and M. Safar. Multi-effect distillation plants: state of the art. Desalination, 126(1-
3):45–59, 1999.

[31] R. Kouhikamali and N. Sharifi. Experience of modification of thermo-compressors in multiple effects
desalination plants in assaluyeh in iran. Applied Thermal Engineering, 40:174 –180, 2012.

[32] n.H. Aly and A.K. El-Figi. Mechanical vapor compression desalination systems—a case study. De-
salination, 158(1-3):143 –150, 2003.

[33] M.A. Sharaf, A.S., and L. Garcia-Rodriguez. Thermo-economic analysis of solar thermal power cycles
assisted med-vc (multi effect distillation-vapor compression) desalination processes. Energy, 36(5):2753
– 2764, 2011.

[34] B. Tleimat. Mechanical vapor compression distillation. Retrieved on 24 April 2018, from http:
//www.desware.net/sample-chapters/D04/D08-053.pdf.

[35] Z. Lu and L. Xu. Freezing desalination process. Thermal desalination processes, 2, 2010.

[36] H.E. Fath A.S. Nafey, S.O. El-Helaby, and A. Soliman. Solar desalination using humidifica-
tion–dehumidification processes. part ii. an experimental investigation. Energy conversion and man-
agement, 45(7-8):1263 –1277, 2004.

[37] H. Müller-Horst. Solar thermal desalination using the multiple effect humidification (meh)-method.
In Solar desalination for the 21st century, pages 215 – 225. Springer, Dordrecht, 2007.

[38] R.W. Baker. Membrane technology and applications. McGraw-Hill, New York, 2000.

[39] PureTech Industrial Water. What is reverse osmosis. Retrieved May 15, 2018, from https:
//puretecwater.com/reverse-osmosis/what-is-reverse-osmosis, 2007.

[40] A. Rahardianto, J. Gao, C.J. Gabelich, M.D. Williams, and Y. Cohen. High recovery membrane
desalting of low-salinity brackish water: Integration of accelerated precipitation softening with mem-
brane ro. Journal of Membrane Science, 289(1-2):123 – 137, 2007.

[41] M. Elimelech and W.A. Phillip. The future of seawater desalination: Energy, technology, and the
environment. Science, 33:712 – 717, 2011.

[42] Z. Yang and C.Y. Tang. Chapter 8 - transmission electron microscopy (tem). Membrane Characteri-
zation, pages 145 – 159, 2017. Pokfulam, Hong Kong: The University of Hong Kong.

[43] lenntech. Electrodialysis. Retrieved on 2 may 2018, from https://www.lenntech.com/
electrodialysis.htm.

[44] Ioannis C. Karagiannis and Petros G. Soldatos. Water desalination cost literature: review and assess-
ment. Desalination, 223(1):448 – 456, 2008. European Desalination Society and Center for Research
and Technology Hellas (CERTH), Sani Resort 22–25 April 2007, Halkidiki, Greece.

[45] Sabine Lattemann and Thomas Höpner. Environmental impact and impact assessment of seawater de-
salination. Desalination, 220(1):1 – 15, 2008. European Desalination Society and Center for Research
and Technology Hellas (CERTH), Sani Resort 22 –25 April 2007, Halkidiki, Greece.

[46] L. Rizzuti, H.M. Ettouney, and A. Cipollina. a review of modern technologies and researches on
desalination coupled to renewable energies. In Solar desalination for the 21st century. Springer Science
& Business Media, 2007.

15

https://water.usgs.gov/edu/saline.html 
https://www.eia.gov/tools/faqs/faq.php?id=97&t=3
https://www.eia.gov/tools/faqs/faq.php?id=97&t=3
https://sites.google.com/site/kjdesalination/vacuum-distillation?tmpl=/system/app/templates/print/&showPrintDialog=1 
https://sites.google.com/site/kjdesalination/vacuum-distillation?tmpl=/system/app/templates/print/&showPrintDialog=1 
https://sites.google.com/site/kjdesalination/vacuum-distillation?tmpl=/system/app/templates/print/&showPrintDialog=1 
http://www.desware.net/sample-chapters/D04/D08-053.pdf
http://www.desware.net/sample-chapters/D04/D08-053.pdf
https://puretecwater.com/reverse-osmosis/what-is-reverse-osmosis 
https://puretecwater.com/reverse-osmosis/what-is-reverse-osmosis 
https://www.lenntech.com/electrodialysis.htm
https://www.lenntech.com/electrodialysis.htm


[47] World Health Organization. Guidelines for drinking-water quality: recommendations. 1, 2004.

[48] F. Banat. Economic and technical assessment of desalination technologies. jordan university of science
and technology. Retrieved on from https://desline.com/Geneva/Banat.pdf, 2007.

[49] C.D. Swartz, J.A. Du Plessis, A.J. Burger, and G. Offringa. A desalination guide for south african
municipal engineers. Water SA, 32(5), 2006.

[50] Iyyanki V. Muralikrishna and Valli Manickam. Chapter eleven - principles and design of water treat-
ment. In Iyyanki V. Muralikrishna, , and Valli Manickam, editors, Environmental Management, pages
209 – 248. Butterworth-Heinemann, 2017.

[51] Hazim Mohameed Qiblawey and Fawzi Banat. Solar thermal desalination technologies. Desalination,
220(1):633 – 644, 2008. European Desalination Society and Center for Research and Technology Hellas
(CERTH), Sani Resort 22 –25 April 2007, Halkidiki, Greece.

[52] G. Amy, N. Ghaffour, Z. Li, L. Frnacis, R.V. Linares, and T. Missimer an S. Lattemann. Membrane-
based seawater desalination: Present and future prospects. desalination. Desalination, 401:16–21,
2017.

[53] J. Wilkerson. Reconsidering the risks of nuclear power. Retrieved May 15, 2018, from http://sitn.
hms.harvard.edu/flash/2016/reconsidering-risks-nuclear-power/, October 2016.

[54] L. Garcia-Rodriguez. Renewable energy applications in desalination: state of the art. Solar energy,
75(5):381 – 393, 2003.

[55] L. Garcia-Rodriguez. Assessment of most promising developments in solar desalination. In Solar
desalination for the 21st century, pages 355 – 369. Springer, Dordrecht, 2007.

[56] C. Charcosset. A review of membrane processes and renewable energies for desalination. Desalination,
245(1-3):214 – 231, 2009.

[57] V.J. Subiela, J.A. de la Fuente, G. Piernavieja, and B. Penate. Canary islands institute of technol-
ogy (itc) experiences in desalination with renewable energies (1996–2008). Desalination and water
treatment, 7(1 -3):220 – 235, 2009.

[58] B. Penate, F. Castellano, and P. Ramirez. Pv-ro desalination stand-alone system in the village of
ksar ghilène (tunisia). In Proceedings of the IDA world congress-Maspalomas, Gran, Canaria, pages
21 –26, October 2007.

[59] A. Ghermandi and R. Messalem. Solar-driven desalination with reverse osmosis: the state of the art.
Desalination and water treatment, 7(1-3):285 – 296, 2009.

[60] B. Penate and L. Garcia-Rodriguez. Current trends and future prospects in the design of seawater
reverse osmosis desalination technology. Desalination, 284:1 – 8, 2012.

[61] J.J. Libert and a. Maurel. Desalination and renewable energies-a few recent developments. Desalina-
tion, 39:363 – 372, 1981.

[62] A. Maurel. Dessalement et energies nouvelles desalination. 31:489 – 499, 1979.

[63] D. Manolakos, G. Makris an G. Papadakis, and S. Kyritsis. Autonomous low-temperature solar
rankine cycle for reverse osmosis desalination. In Proc. 5th ISES European Solar Conference, pages
453 – 459, June 2004.

[64] A.M. Delgado-Torres, L. Garcia-Rodriguez, and V.J. Romero-Ternero. Preliminary design of a solar
thermal-powered seawater reverse osmosis system. Desalination, 216(1-3):292 – 305, 2007.

[65] A.M. Delgado-Torres and L. Garcia-Rodriguez. Double cascade organic rankine cycle for solar-driven
reverse osmosis desalination. Desalination, 216(1-3):306 – 313, 2007.

[66] A.M. Delgado-Torres and L. Garcia-Rodriguez. Preliminary design of seawater and brackish water
reverse osmosis desalination systems driven by low-temperature solar organic rankine cycles (ORC).
Energy Conversion and Management, 51(12):2913 – 2920, 2010.

[67] L. Garcia-Rodriguez. Desalination by wind power. Wind engineering, 28(4):453 – 463, 2004.

[68] Marc A. Wright and Stefan W. Grab. Wind speed characteristics and implications for wind power
generation: Cape regions, South Africa. South African Journal of Science, 113:1 – 8, 08 2017.

[69] C.C. Liu, P. Jae-Woo, R. Migita, and Q. Gang. Experiments of a prototype wind-driven reverse
osmosis desalination system with feedback control. Desalination, 150(3):277 – 287, 2002.

[70] T. Witte, S. Siegfriedsen, and M. El-Allawy. Winddesalter R© technology direct use of wind energy
for seawater desalination by vapour compression or reverse osmosis. Desalination, 156(1-3):275 – 279,
2003.

[71] V.J. Subiela, J.A. Carta, and J. González. The sdawes project: lessons learnt from an innovative
project. Desalination, 168:39 – 47, 2004.

16

https://desline.com/Geneva/Banat.pdf
 http://sitn.hms.harvard.edu/flash/2016/reconsidering-risks-nuclear-power/
 http://sitn.hms.harvard.edu/flash/2016/reconsidering-risks-nuclear-power/


[72] C. De la Cruz. La desalinización de agua de mar mediante el empleo de energías renovables. Fundación
Alternativas, 2006.

[73] B. Penate, F. Castellano, A. Bello, and L. Garcia-Rodriguez. Assessment of a stand-alone gradual
capacity reverse osmosis desalination plant to adapt to wind power availability: A case study. Energy,
36(7):4372 – 4384, 2011.

[74] G. Meerganz von Meazza. Direct and socially-induced environmental impacts of desalination. Desali-
nation, 185:57 – 70, 2005.

[75] T.M. Missimer and R.G. Maliva. Environmental issues in seawater reverse osmosis desalination:
Intakes and outfalls. Desalination, 434:198–215, 2018.

[76] T. Liu, T. Weng, and H. Sheu. Exploring the environmental impact assessment commissioners’
perspectives on the development of the seawater desalination project. Desalination, 428:108 – 115,
2018.

[77] F. Kuepper. The impacts of relying on desalination for water. Retrieved on 2 may 2018, from
https://www.scientificamerican.com/article/the-impacts-of-relying-on-desalination/.

[78] D.A. Roberts, E.L. Johnston, and N.A. Knott. Impacts of desalination plant discharges on the marine
environment: A critical review of published studies. Water Research, 44(18):5117 – 5128, 2010.

[79] S. Miller, H. Shemer, and R. Semait. Energy and environmental issues in desalination. Desalination,
366:2–8, 2015.

[80] K. Walker. How solar desalination can help the environment. Retrieved on 2 May 2018, from https:
//www.azocleantech.com/article.aspx?ArticleID=344, January 2013.

[81] M. Werner and A.I. Schäfer. Social aspects of a solar-powered desalination unit for remote australian
communities. Desalination, 203(1-3):375 – 393, 2007.

[82] Water Reuse Association. Seawater desalination costs. Retrieved on 2 May 2018, from https://
watereuse.org/wp-content/uploads/2015/10/WateReuse_Desal_Cost_White_Paper.pdf, 2011.

List of Figures
1 Desalination Plant Barcelona [17] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2 Simplified structure of the Multi-Stage Flash Distillation Process [27] . . . . . . . . . . . . . 5
3 Simplified structure of the Multi-Effect Distillation Process [27] . . . . . . . . . . . . . . . 6
4 Simplified structure of the Vapor Compression Distillation Process [27] . . . . . . . . . . . 6
5 Simplified structure of the basis process using Reverse Osmosis [39] . . . . . . . . . . . . . 7

17

 https://www.scientificamerican.com/article/the-impacts-of-relying-on-desalination/
https://www.azocleantech.com/article.aspx?ArticleID=344
https://www.azocleantech.com/article.aspx?ArticleID=344
https://watereuse.org/wp-content/uploads/2015/10/WateReuse_Desal_Cost_White_Paper.pdf
https://watereuse.org/wp-content/uploads/2015/10/WateReuse_Desal_Cost_White_Paper.pdf

	Introduction
	Global Situation

	Theoretical Background
	Thermal Technology
	Principle
	Multi-Stage Flash Distillation (MSF)
	Multi-Effect Distillation (MED)
	Vapor Compression Distillation (VCD)
	Additional Processes

	Membrane Technology
	Principles
	Seawater Reverse Osmosis (SWRO)
	Electrodialysis (ED)


	Application
	Energy Supply

	Discussion
	Environmental Impacts
	Social Impacts

	Conclusion

