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Abstract

This paper shows the comparison of the various conventional technologies used for desalination and the advantages
of using renewable energy such as solar and geothermal in place of them. The comparative analyses of the various
techniques using geothermal and solar have been included. The efficiency, productivity rate, cost, etc. have been com-
pared. Productivity of multi-effect distillation—thermal vapor compression (MED-TVC) is 75-80 m’/h of freshwater.
In comparison to other techniques, electricity generation is high in multi-effect distillation—thermal vapor compres-
sion (MED-TVC). It has been observed that renewable energy gives the cheapest solution to the water desalination
problems. Despite of having many flaws, RO is considered to be one of the efficient technologies for the seawater
desalination. The study shows that solar still is relatively cheaper and more efficient than all the other techniques used.
The efficiency of the solar still ranges between 22 and 34%, and in the best conditions, the efficiency also reaches
40% producing 5-7 1/m*/day. The knowledge of the various technologies discussed can be studied, and then further
study on the renewable desalination technologies can be carried out. In the future, this technology is going to play an
important role as many researches are going on in this field. The geothermal future is going to play an important role in
energy production. The efficiency of the desalination system using solar and geothermal energy has higher efficiency
and productivity rate than other older techniques and which can be further increased by modification in the system.
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Introduction is from the agricultural sector, and the rest is from the
industrial and agricultural sectors (Martinez-Alvarez et al.

Water is one of the fundamental substances for the exist-  2018). The shortage of potable water is one of the major

ence of life. Though it covers three fourths of the Earth’s
surface, there is a shortage of drinking water. Availabil-
ity of water is boon and scarcity is a curse (Fotouhi and
Kresic 2010). Seawater desalination supplies 97 million
m? of freshwater daily to more than 300 million people
worldwide. Almost 70% of the global water demand
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concerns in most developing countries including India.
Around 2.5% of the Earth’s water is occupied by fresh-
water which satisfies the potable water needs of humans
and other living beings, and the rest of the Earth’s water is
seawater which is around 97.5%. Ten thousand of oil per
year is required to produce freshwater per day. Around one
third of the world’s population lives in countries that have
insufficient resources of freshwater. It is very necessary
to minimize the deficiency in countries with a shortage of
freshwater. To minimize this, a large number of efforts is
to be put on. The feed water for the desalination plant is
mainly seawater or brackish water (Mechell and Lesikar
2021). The salinity of the seawater ranges from 35,000 to
45,000 ppm while the salinity of drinking water should be
between 500 and 1000 ppm. The total dissolved salts in
water should be less than 500 ppm (Thu 2010).


http://orcid.org/0000-0002-8665-5010
http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-022-22987-w&domain=pdf

Environmental Science and Pollution Research (2023) 30:90-103

91

It becomes necessary to put efforts to desalinate the
seawater and to make it potable. Also, the sources of
freshwater are limited and the population using freshwa-
ter is increasing day by day (Gude, 2018). So, it becomes
necessary to increase the quantity of freshwater. Due to
such requirements, desalination of saline water becomes
very much necessary. The seawater is available so much
in quantity but cannot be used for any purpose and
remains unused. Therefore, there must be a technique
or technology, which can be used to make this saline
water into potable water using desalination techniques.
The installed capacity of the desalination plant has
reached about 128 million (Cherif and Belhadj 2018).
The minimum calculated energy required for desalination
is 0.706 kWh. Desalinating the seawater reduces its salt
content, brings down the ppm of the water, adds miner-
als to it, and makes it useful for living beings (Petrovic
et al. 2018). The minimum calculated energy required for
desalination is 0.706 kWh.

There are various types of desalination techniques
used nowadays. Some of them are solar desalination, geo-
thermal desalination, vapor compression desalination,
multi-stage flash desalination, etc. The most used desali-
nation technique in remote arid areas is the evaporation-
condensation process (Alkaisi et al. 2017). Out of all
renewable sources, solar energy is available in abundance
on the Earth and so it has a large potential as desalina-
tion. Use of solar desalination gives more eco-friendly
and also solves the water scarcity problem. Further solar
energy can be converted to various other forms, and so, it
gives a wide variety of choices. Mostly small-scale solar
desalination plant is desirable to produce potable water
(Alnaimat et al. 2018). Solar desalination consists of a
solar flat plate collector, evacuated tube, concentrating
solar troughs, and solar pond. Solar desalination plays
an important role in rural areas having low infrastructure
and without connection to a grid. The solar desalination
process can be of two types direct and indirect. In direct
type, the solar energy is directly absorbed by saline water
while in the indirect technique, the solar energy is first
absorbed by a solar collector and then is transferred to
saline water. The major technologies used for solar desali-
nation are membrane technology and thermal desalination
technology (Tzen et al. 2012). Environmental impacts are
considerably less than other technologies. The unfertile
land which cannot be used for agriculture can be used for
establishing the solar desalination plant. Waste products
of the solar desalination process (i.e., brine) can be fur-
ther utilized in other types of industries and that decreases
environmental hazards. Solar desalination has its benefit

as simple in construction. This type of process also has
low maintenance requirements.

Another technique used nowadays is desalination by
geothermal technique. Geothermal energy is mostly avail-
able in countries such as Japan, Iceland, the USA, and
China. Geothermal desalination provides the solution to
global clean water desalination (Awerbuch et al. 2017).
Geothermal energy ensures stable and reliable energy for
desalination. The primary and most important heat source
for geothermal is magma (Palmer 2003). In addition to
this, the isotopes of uranium, thorium, and potassium also
play an important role and are a secondary source of heat.
The thermal energy of around 1.3 x 10?7 J can be esti-
mated at the depth of 10 km and the same can be obtained
by burning 3 x 10'7 barrels of oil. The hydrothermal res-
ervoir at the depth of 10 km is sufficient enough to supply
all mankind’s power needs and that too for several million
years. We can have 300 °C temperature at the depth of 10
km as the temperature of the Earth goes on increasing 30
°C/km of depth. Geothermal resources can be classified
according to the type of rocks and the temperature availa-
ble. The resources where the temperature is below 150 °C
are used for heating and cooling directly which is used by
almost 72 countries in the world while the resource where
the temperature is above 150 °C is used for electricity
and power generation which is used by the 24 countries
in the world. The temperature range varies between 20
and 300 °C. The most important use of the geothermal
resource is its direct application where its heat is directly
used. Some of the major applications are heat pumps,
heating of a building, raising plants in a greenhouse, dry-
ing crops, etc. (Semancik and Lizak 1986). High-enthalpy
geothermal energy can be directly transmitted to reverse
osmosis units (Jimenez et al. 2016). The combination of
renewable energy such as geothermal with desalination
plays a very important role in increasing the water supply
in the regions where water is scarce. The main advantage
of this hybrid technology is that it is pollution-free. This
hybrid technology also overcomes the price rise of fuels.
When geothermal energy is passed over thermoelectric
generator, it produces the freshwater at the rate of 22,072
m>/day. Geothermal energy with a desalination unit is
used to heat the saline water, and this saline water is fur-
ther treated to obtain the potable water (Prajapati et al.
2021). Low-enthalpy geothermal energy can be used for
desalination purposes. The installation cost of geothermal
desalination is very high (Goosen et al. 2010).

The scarcity of potable water is a major problem
nowadays. Also, the decreasing level of groundwater is
a major concern. In some areas of the world, there is
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no means to obtain potable water. Even though 97% of
the area is surrounded by water this problem persists.
The main problem with this is the salt available in the
seawater. The salty water can be directly taken into use
for drinking purposes. Many different types of processes
has to be carried to make this water use for a different
purpose. Various conventional methods were used earlier
and are also used nowadays, but they are so expensive
and also some of them are not eco-friendly. The largest
installed desalination technique is reverse osmosis (Sad-
hwani Alonso and Melian-Martel 2018). The main aim is
to provide more pure and healthy potable water by using
renewable resources. Renewable resources are available
free of cost, and they are also not going to extinct in
the future and also they are eco-friendly. The concepts
enlightened here are using low enthalpy geothermal
energy and solar energy for the desalination purpose.
The aim is to make potable water or useful water avail-
able to regions where water is scarce at a very low cost
and highly efficient manner.

Classification of conventional techniques
for desalination

There are various techniques used for the desalination of sea-
water. Some of them are conventional and some are modern
techniques. There is very much scarcity of fresh water and
so the desalination techniques play a very important role. In
recent decades, the installed capacity of desalination plants
has increased tremendously which has reached about 128
m3/day. For centuries, desalination is carried out to obtain
fresh potable water.

The classification of conventional desalination technolo-
gies are shown in Fig. 1.

Fig. 1 Classification of conven-
tional desalination techniques

Desalination techniques are as follows:

1. Membrane technology:

e Reverse osmosis (RO)
e Forward osmosis (FO)
e Electrodialysis (ED)

2. Chemical techniques:

e Jon exchange (I.LEX)
e Gas hydrate (G.HYD)
e Liquid-liquid extraction (LLE)

3. Adsorption techniques:

Membrane technology

The first most important and widely used conventional desal-
ination technology is membrane technology. In membrane
technology, a membrane of a thin sheet of material which is
generally cellulose acetate is used to separate contaminants
and foreign particles from water. Membranes works on the
principle of separation of the particles due to their size and
charge (Youssef et al. 2014). The commonly used mem-
brane technologies are reverse osmosis, forward osmosis,
and electrodialysis (Nagy 2019).

RO

Reverse osmosis is a very old technology and is being used
since the 1960s. It uses the membrane barrier for the separa-
tion of salt particles from saline water. Reverse osmosis also
consumes less energy than the distillation process used for
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water purification (Menningmann 2011). Reverse osmosis
requires an osmotic membrane. The function of the osmotic
membrane is that it does not allow the salt to pass through
it at the rate at which it allows the water to pass through
it (Kim et al. 2013). Reverse osmosis is also known as a
semi-permeable membrane because it allows only some con-
stituents to pass through it while holding others. To sepa-
rate unwanted dissolved particles (solutes), this process only
requires pressurized feed water and does not require any
heating or phase change (Shatat and Riffat 2014). Gener-
ally, the Ro plant consists of five main components such as
saline water supply line, high-pressure pump, pretreatment,
posttreatment system, and membrane separation.

FO

Forward osmosis uses osmotic pressure difference created
between semipermeable membranes which separate two
solutions having different amounts of concentration (Cath
et al. 2006). The type of forwarding osmosis membrane is
asymmetric. It uses a very thin and selective layer of the
membrane. For mechanical stability, it uses one support
layer of the membrane (Tiraferri et al. 2013). The mem-
brane of the dense polymer matrix is used in forwarding
osmosis. The main components of forwarding osmosis
techniques are pump, pipes, valves, and feed stream pre-
treatment system. The integration of both namely forward
osmosis and backward osmosis is also used nowadays for
water desalination.

ED

Electrodialysis technique is the combination of two pro-
cesses namely dialysis and electrolysis (Scarazzato et al.
2020). ED is generally a membrane process in which under
the influence of an electric potential the ions are transported
through a semi-permeable membrane. The membranes can
be selected as cation or anion that decides the flow of ions
through the membrane. ED provides better control over the
product quality as compared to thermal and pressure-based
desalination techniques (Karimi et al. 2018). ED is less
economical than reverse osmosis and ultrafiltration (Xu and
Huang, 2008).

Chemical techniques

The second important technique used for desalination is
the chemical technique. In this type of technique, certain
types of chemicals are dissolved in the saline water to carry
out the desalination process. The various types of chemical

techniques are ion exchange, gas hydrate, and liquid-liquid
exchange.

L.LEX

It is a process in which from liquid phase the ions are inter-
changed with ions which are electrostatically bounded to the
groups contained inside a solid matrix. It was observed that
ion exchange can be considered as a reversible chemical pro-
cess. The ion exchange plays an important role in modifying
the zeolite characteristics. Ion exchange is the most utilized
technique to reduce the polluting cations from wastewater
(Cobzaru and Inglezakis 2015).

G.HYD

Gas hydrates are one of the important techniques for water
treatment of seawater. The desalination using gas hydrate
is a physical process that separates the solid particles from
liquid. The materials used for gas hydrates are methane and
ethane (Khan et al. 2019). By measuring the conductivity of
the dissociated hydrates the efficiency of salt removal can be
determined (Khan et al. 2019).

LLE

LLE is a process to differentiate the compounds based on
their relative solubility in the mixture of two different liquids
(Mandal et al. 2015). The principle of liquid-liquid extrac-
tion is that the sample which has to be tested is made to get
separated between two solvents in which the sample and
matrix have different solubility. The major benefit of this
type of technique is the wide availability of the solvents and
also at low costs.

Adsorption techniques

The main components of the adsorption technique used for
desalination are:

(a) Pumps

(b) Evaporator beds

(c) Adsorption and desorption reaction beds

(d) Condenser

(e) Facilities for pretreatment (Shahzad et al. 2018)

The adsorption process works on the principle of absorb-
ing the water vapor on the surface of adsorbent (such as
silica gel, zeolite, and activated carbon) by van der Waal’s
force or polar bonding force. Adsorption based technol-
ogy has the capacity to convert the feed water having high
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salinity to low salinity water and with low running cost of
0.2$/m’ (Youssef et al. 2014).

Limitation of conventional desalination techniques

The main disadvantage of conventional desalination tech-
nologies is the energy requirement and also cost is increas-
ing day by day. The by-products of the desalination process
which are chemicals such as like chlorine, hydrochloric acid
etc. should be treated well before disposal as they are an
environmental concern. The disposal of the brine directly
into the ocean is also the major drawback of conventional
techniques. Due to brine disposal and chemical disposal,
marine life is directly affected. The chemicals used earlier
in the conventional techniques are harmful to human health.
The energy is depleting day by day, and therefore, the con-
ventional techniques using nonrenewable energy become
drawback.

Solar desalination

For many years, renewable energy has played an impor-
tant part in the production of energy resources. The cost
of nonrenewable energy is also increasing with the energy
demand. So, it becomes necessary to make much and much
use of renewable energies such as solar, wind, etc. With the
increase in population the scarcity of potable water is also
increasing. So, if we link renewable energy to overcome this
issue it would be a great benefit for society. Such a tech-
nology developed is called desalination using solar energy.
Solar desalination provides a better way to produce potable
water at the minimum cost and zero environmental prob-
lems. Generally, desalination is the process of separating
the salt particles and the unwanted minerals present in the
saline water or brackish water to make it potable. In recent
times, there are various technologies in solar desalination
such as membrane technique, solar still, solar pond, multi-
flash distillation, electrodialysis, and chemical techniques.
The major benefit of the desalination plant is that it provides
drinking water in excess. It is very much useful in countries
where the scarcity of freshwater is a major concern. Fur-
ther, the desalinated water meets all the quality index of the
potable water, and thus, it reduces the pressure on the fresh-
water sources. It not only provides potable water but also
this desalinated water can be used in an agricultural field. In
arid regions where the farmers did not have direct access to
irrigation water, this technology plays an important role such
as in countries of Africa. The main disadvantage of solar
desalination is weather conditions. The required solar energy
might not be available for more than 8 months. Further, it
requires a large amount of energy. Gallons of seawater are
required to produce fresh water at a time. It is advantageous
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and disadvantageous at the same time. If this technology
is used in hybrid mode, it overcomes its all limitations and
pays well to the society.

Altarawneh et al. (2020) carried out the study of solar
desalination under concentrated solar flux and reduced pres-
sure conditions in man, Jordan. The main objective was to
study the performance of parabolic trough collectors (PTC)
under reduced pressure. Results showed that under reduced
pressure the efficiency increases up to 58% than normal or
atmospheric pressure. Due to this, the productivity of PTC
increases and reaches about 2.9 1/h. It was observed that
the reduced pressure experiment increases productivity by
397%.

Chauhan et al. (2021) carried out a comprehensive review
of direct solar desalination techniques at IIT BHU, Varanasi,
India. Day by day, the demand for freshwater is increasing
with the increase in population. They suggested the use of
solar energy to produce freshwater. It was found that the cost
of the RO plant is 33% lesser than the other conventional
techniques. The study reviewed the various techniques of
desalination such as solar still. There is a direct effect on the
cost as we change the desalination technique.

Chen et al. (2020) experimented with the use of direct
spray in solar desalination in Makkah, Saudi Arabia. the
research presented the use of low-temperature spray technol-
ogy in combination with solar desalination. The proposed
design was able to give an output near to the water supply
of 20 kg/day and which further can be increased by some
modifications. When the area of the collector is 360 m?2, the
annual productivity becomes maximum with the feed flow
rate of 1.7 kg/s and the diameter of the storage tank to be 1.9
m. The cost due to this technology decreases up to $1.29/
m?® and which is much lesser than the thermal desalination
technique.

Mayere (2011) experimented on solar power desalination
at the University of Nottingham. The system using humidi-
fication/dehumidification is more efficient than other con-
ventional techniques. The main aim was to provide potable
water to the one billion populations. Both theoretical and
experimental analysis were carried out, and it was found that
potable water output up to 20 kg/h and having COP value
of 3 can be produced. It was found that the system can be
manufactured by low-cost plastics rather than costlier and
toxic metals.

Shatat et al. (2016) experimented on an innovative psy-
chometric solar-powered water desalination system at the
University of Nottingham. The capital cost and the running
cost of the desalination system are lowered by advance-
ments in technology. They used evacuated tube collectors
instead of solar concentrator collectors. Synthetic brackish
water was used for the study. They found that at a tempera-
ture ranging between 55 and 60 °C, 6 kg/h of clean water
is produced. It was observed that when the temperature is
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increased the quality of the water also increases. This type
of system can be a great asset in the countries like Africa,
Middle East, and Asia.

Mitra et al. (2014) studied solar desalination using an
adsorption technique at IIT Madras and IISC Bangalore.
They wanted to make the desalination process easily avail-
able. The use of renewable energy as an energy source for
desalination by replacing simple techniques with solar-
driven adsorption desalination systems. Conventional desali-
nation processes have more operating costs. Further, this
system utilizes low-grade heat from the nonconventional
type of collectors. It was observed that by increasing the
quality of the condenser and evaporator the quality of the
adsorption technique can be increased.

Dastjerdi and Citation (2020) suggested the integrated
solar membrane-based desalination with wastewater treat-
ment. The main aim of the study was to estimate the per-
formance of the system and to find the optimum physical
behavior of the solar and desalination system. The proposed
design successfully removes all foreign materials from the
wastewater. The production of potable water increases up to
37% when engaged with a cooling unit.

Aburideh et al. (2012) and Arunkumar et al. (2012) car-
ried out a similar study on solar desalination using solar still
at Tiara, Algeria, and Coimbatore, India, respectively. It was
found that the efficiency of the solar still directly depends
upon its inclination angle of the cover. The cover angle may
be 15°, 25°, 35°, 45°, and 55°. The maximum efficiency
was found when the angle was in the range of 23°-35°. The
average field of distilled water obtained by this water was
found to be 3-4 1/m%/day.

El-Aziz et al. (2013) and Ghermandi and Messalem
(2009) have done their research on solar desalination using
the RO technology at El Arich valley and Abu Dhabi,
respectively. The cost was found to be in the range of $3-7/
m?, and the daily production was found to be as maximum
as 150 m>. The power required for the production was 11.25
kW in the case of Andrea’s study and was 86 kW in the case
of Saitou’s study.

Comparative analysis of different solar desalination tech-
niques are mentioned in Table 1.

Among all the solar desalination techniques, solar still
seems to be productive at a very low operating cost. The
initial investment of the solar still is also less compared to
other technology (Ortiz et al. 2007). The high capital cost is
counter-balanced by the low operating cost (Belessiotis et al.
2016). The unused land can be used for the establishment of
the plant. The desalination takes place based on condensation
and evaporation. The process of the solar still is so simple, at
first saline water is pumped into the solar still and is rested
under the solar light. The water evaporates and is collected
at the dome and is further condensed to get the pure potable
water. The efficiency of the solar still ranges between 22 and

34%. In the best conditions, the efficiency can reach up to
40% (Belessiotis et al. 2016). It can produce 5-7 1/m?/day.
The simple diagram of solar still is shown in Fig. 2.

Geothermal desalination

With the increase in the population, the demand of the
freshwater is constantly increasing. Further, the energy
which is used for the production of the freshwater is also
high and hence the cost for production increases. In this
age of increasing demand of the freshwater and the increas-
ing price rise the use of geothermal energy plays a very
important role. In geothermal, the heat of the Earth’s core
is used for the desalination purpose. In geothermal, the heat
of the core is used to make steam which can be used further
for the desalination and also for the power generation. The
temperature range available for use is between 150 and 350
°C. The steam obtained by the process is estimated 175-200
°C. Most of the geothermal sites are found to be in the west-
ern USA. The geothermal energy can be divided into low-
grade and high-grade resources. Mostly high grade is used
for power production and lower grade can be used for the
desalination. The low-grade geothermal is very useful and
is also underused. The simple working process is shown in
Fig. 3. The water which has to be desalinated is pumped
to the system. The water is then injected inside the core
using the injection well. Gaining the heat water evaporates
and comes out of the well. Using certain technologies and
adding some minerals to it, we can obtain the fresh potable
water. The cost for the production is estimated between $1.5
and 2.5/m>.

Chandrasekharam et al. (2019) formulated the research
on the basis that the freshwater would be in scarcity in near
future at Djibouti. The main objective was to make freshwa-
ter available for all the classes of society. To use renewable
energy for desalination so that the cost of potable water can
be reduced and a self-sustainable society can be created.
The data of fossil fuels and renewable energy over the years
were analyzed, and the results were compared to analyze the
cost for the production of freshwater. It was observed that
the geothermal energy required for desalination is 900 X
10% kWh which is far less than the electricity required. The
cost for desalination using geothermal energy is US $1.6/
m?, which is very less compared to other techniques. The
population living in rural can increase their economic status
and the poverty level of Djibouti can be reduced by using
geothermal energy resources.

Yousefi et al. (2017) evaluated the technology of the
desalination using hybrid solar-geothermal desalination at
Tehran, Iran. The objective was to overcome the shortage of
drinking water by using geothermal desalination techniques.
The cost of freshwater production was too high. So, the aim
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Fig.2 Simple diagram of solar
still
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Fig.3 The process diagram of geothermal desalination

was to tackle the challenges in using renewable energy as an
energy source. Geothermal energy has a major benefit over
other renewable energy as it can produce energy 24 h/day.
This combined hybrid system of solar and geothermal can

collection tank

be used for various purposes such as space heating-cooling.
Results showed that this system is flexible and economical.
This hybrid technology turns out to be very effective in arid
regions. Further, this technology will allow the countries to
overcome their shortage of potable water and to produce it
at a very low cost.

Turchi et al. (2017) studied the desalination of impaired
water at Ormat’s Tuscarora plant in northern Nevada. He
showed the integration of geothermal energy with membrane
technology. Tests were performed and results were noted.
The kind of antifouling coatings which has to be applied
and also cost was taken into consideration. The main aim
was to make use of the underused geothermal resources for
desalination purposes. This technology cost was estimated
between $1.4 and 1.6/m>. However, the proposed design
was not that cost-effective as compared to nanofiltration.
“Hot nanofiltration” can produce high-quality potable water
using geothermal brines. This technique may be applicable
to reverse osmosis and membrane desalination techniques.

Davies and Orfi (2014) studied the desalination of
groundwater sources and technical feasibility of self-pow-
ered geothermal desalination at four different locations
such as India, Saudi Arabia, Tunisia, and Turkey. The main
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objective was to carry out the technical feasibility and its
study for desalination purposes. The study focused on the
organic Rankine cycle which will drive reverse osmosis.
The results were compared under ideal, semi-ideal, and real-
life assumptions taking four different case studies. Results
showed that the recovery rate was around 0.99 when all the
four case studies were studied. It showed that the recovery
ratio mostly depends upon the source temperature of the
geothermal energy source. This study showed the possibility
of the self-powered desalination system without using any
external source.

Gude (2016) explained the potential of the geothermal
resources for desalination using case studies at different
locations such as India, Australia, and the USA. The study
shows the present scenario of the geothermal resources
and their benefits over all the other energy sources. The
advantages of geothermal over all the other conventional
and nonconventional sources were described and also the
future perspective with this technique was studied. It was
observed that the cost for desalination was around $1.15/
m? using geothermal while if we use other sources it was
found around $4.80/m> The geothermal energy sources
provide an better alternative with zero environmental
pollution and also at low cost. The geothermal source is
estimated to increase and mainly as a heat source and elec-
tricity generation.

Christ et al. (2017) carried out the study and analysis of
geothermal energy sources based on its thermos-economic
factor using hot sedimentary aquifers for western Australia.
The study showed the framework for thermo-economic
assessment of sub-surface and surface low-grade energy sys-
tem components. Additionally, they used to advance technol-
ogy such as multi-effect desalination. The use of geothermal
energy in the areas of Western Australia proved to be very
reliable. The estimated cost for the water production was
found to be 2.60$/m>.The survey showed that the preheated
multi-effect desalination (MED) lies in the economic range.
The importance of energy extraction was analyzed in the
case of conventional MED, the preheated MED, and the
boosted MED. And so the study showed the reduction of
the unit cost to upto13%-16%.

Goosen et al. (2010), Ghaffour et al. (2014) and Turchi
et al. (2015) have studied the Multi-effect desalination using
geothermal energy at Colorado (US), Wairakei (NZ), and
Thuwal (Saudi Arabia) respectively. The study showed that
the available geothermal energy is about 11.2MW. With the
use of this technology the temperature of the water obtained
goes up to 160-190 °C by Craig's study while it is above 250
°C according to the study of Mathews and Thomas. The
productivity according to Craig was found around 426m>/
day while the research of Mathews showed that the pro-
ductivity is 75-80 m*/day and the highest productivity was
by the study of Thomas and that was 25000 m*/day. The

@ Springer

efficiency of the system from Craig’s study was found high-
est ranging between 40 and 55%. The other two were found
less efficient.

Missimer et al. (2016), Salehi et al. (2018), and Gnaifaid
and Ozcan (2021) have carried out their study on the geo-
thermal desalination using multi-effect desalination at Tabriz
(Iran), Krabuk (Turkey), and Saudi Arabia, respectively.
With the use of geothermal as a direct heat source, they also
found its use in electricity generation. The temperature of
the water was found 2200 °C in the case of Rosen’s study
while it was in the range of 150-300 °C in the other two
cases. The efficiency of all the three studies was very near
and was ranging between 35 and 50%. The cost of the whole
setup was estimated at around $17/m>The comprehensive
comparative analysis of different geothermal desalination
techniques is mentioned in Table 2.

The cost for geothermal production well is comparatively
high. If we combine geothermal energy with desalination
technology, we can generate electricity, as well as produc-
tion of freshwater can be done. We can establish this plant
where the geothermal energy temperature range is between
300 and 350 °C. From all the geothermal technologies used
for desalination, the most used and reliable one is multi-
effect distillation. The multi-effect distillation—thermal
vapor compression seawater plant produces the freshwater
directly. Above the MED evaporator, the recirculate seawater
is sprayed and which results in the evaporation of a frac-
tion of water. The freshwater is then obtained by condensing
this evaporated water. In this way, fresh potable water is
obtained. Productivity of multi-effect distillation—thermal
vapor compression (MED-TVC) is 75-80 m>/h of freshwa-
ter. In comparison to other techniques, electricity generation
is high in MED-TVC.

Challenges and future scope

Solar still cannot remove microorganisms; it only can sepa-
rate freshwater from saline water (Mathioulakis et al. 2007).
The main challenge is low-energy recovery and the presence
of noncondensable gases in the dehumidifier. It reflects in
low performance and high cost of water production. Rela-
tively low permeate flux in comparison with pressure-based
membrane processes. It is caused by concentration polariza-
tion and fouling of the membrane. It causes high cost and
high thermal energy consumption. High operating cost when
waste heat is not available for the distillation. This system
operates at high temperatures which increases corrosion.
Desalination plants are very costly to build and operate the
plant. Selection of location for the desalination plant is very
difficult. High energy is required to operate the desalination
plant. Sometimes, it increases the production cost of fresh-
water. Another disadvantage is the environmental impact.
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Disposal of salt which is removed from saline water is the
major issue. This charge is called brine. Brine can change
the salinity of water and lower the amount of oxygen in the
water at a disposal site. It causes the death of animals and
birds because of the higher level of salt in water at a disposal
site. In the desalination process, some chemicals like chlo-
rine, hydrochloric acid, anti-scaling, etc. are used and which
are also harmful to the environment. In geothermal water
desalination, operation cost is very high and the efficiency
of the plant is relatively low.

We should attach the filtration plant with solar still to
overcome the challenges faced (Mathioulakis et al. 2007).
The pairing of technologies such as MED with thermal
collectors will play an important role in the future (Trivedi
Hetal and Bhatt 2011). We should supply freshwater
streams directly to infiltration plants so that energy is
consumed in the process. By following this, usage of this
technology in the future can be increased. Improving the
design and efficiency of heat exchangers or using a better
efficient heat exchanger and can provide a better option for
the humidification and dehumidification desalination pro-
cess. The efficiency of the system can also be increased.
Use good quality membrane material is the option to avoid
polarization, and it will improve the efficiency of the tech-
nologies using membrane can be improved shortly. The
membrane technology using electricity are the systems
going to be mostly used in the future (Ahmadi et al. 2020).
Improve the efficiency of the waste heat recovery system.
Because of water desalination plants, we can produce
freshwater from saline water. This produced freshwater
will increase the overall percentage of fresh water, and it
will reduce pressure on natural freshwater resources. To
improve the efficiency of geothermal water desalination
plant, we must have to improve the efficiency of every
important piece of equipment of the plant for example
heat exchanger, pump, blower, evaporator, and regenera-
tor. Renewable energy distillation will provide a reliable
source, sustainability, and also reduces the carbon foot-
print (Alkaisi et al. 2017). The use of ocean thermocline
energy for the desalination system will prove to be an
excellent strategy for producing potable water (Esmaeilion
2020). It is shown that the integration of the power and the
gas sector will reduce the overall cost of 1-3% per year
(Caldera et al. 2017). Along with the purification of the
seawater, the emphasis should be laid on the purification
of the brackish water so that the content of freshwater can
be increased (Reif and Alhalabi 2015). The efficiency of
above 95% can be obtained by using Cu,ZnSnS, (CZTS)-
based photocathode during seawater desalination after
testing for almost 500 h. The highly efficient and promis-
ing seawater desalination is the combination of redox flow
and ion exchange membrane (IEM) (Xu et al. 2020).

@ Springer

Conclusion

In this study, a comprehensive review was conducted.
Since many years, fossil fuels have been used to generate
power, and these energies are becoming extinct. The use
of renewable energy instead of fossil fuels is an alterna-
tive. This renewable energy will also be used to produce
potable water. One third of the world’s population lives
in areas where drinking water is scarce. Furthermore, due
to the high ppm of seawater, it cannot be used directly as
drinking water. To make it potable, various types of treat-
ment must be performed. Desalination of seawater reduces
its saline content, lowers its ppm, and adds some minerals.
Seawater reduces its saline content, brings down its ppm,
and adds some required minerals. Some of the concluding
remarks are listed as follows:

e Different types of techniques are used nowadays and
which are conventional techniques have been studied.
It was found that using renewable energy techniques in
place of such conventional techniques gives rise to pro-
ductivity and is much reliable. The cost of the overall
production can be minimized, and it is also environment
friendly.

e Inrenewable sources, solar and geothermal energy has its
importance. Various geothermal and solar energy based
desalination technologies discussed in this paper.

¢ Geothermal energy provides a better alternative to a con-
ventional energy source. The efficiency of the geothermal
desalination is found around 30-35%.

e Desalination system mostly depend on the geothermal
and solar energy are becoming more common on the
planet. Furthermore, in solar integrated desalination
system, maintaining the cost of a solar collector /plate
is higher, and the heat flax is not consistent. At the same
time, geothermal integrated desalination is not as expen-
sive, and it provides a consistent heat flux. The largest
barrier to using geothermal energy to power the desali-
nation system is the geographical area with an excess of
heat that is readily available.

At last, in the future, new technical developments in
absorption heat pump designs, hybrids with other renewable
energy sources, and salt recovery will increase the process’s
energy efficiency and process economics.
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