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Abstract
With the increasing scarcity of water and unavailability of portable drinking water at many places, in this paper, we present 
a feasible solution to this problem. The only solution in sight right now is to carry out the desalination of the huge saline 
water bodies. The conventional methods to do so have resulted in a failure as with the consumption of fossil fuel to run them, 
which in turn results in global warming. This draws us more towards the usage of renewable energy and its importance in 
order to obtain portable water from the saline and brackish water. In this study, we present to you a novel hybrid method that 
uses the geothermal energy and sun energy to produce fresh drinkable desalinated water from the seawater. This proposed 
system does not require fossil fuel to run, and hence, along with keeping the environment pure, it is a solution to the burning 
problem of water crisis throughout the world. With the help of engineering and technological skills, we can draft a better 
future for humanity.
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Introduction

Life on earth is the manifestation of energy. The origin of 
fire, heat and light is energy. It is required to grow food 
grains that enable humans and animals to survive. The fossil 
fuels were exploited as surface deposits as oil, asphalt, coal 
from surface seepage and natural gas obtained from under-
ground reservoirs. In the last 50 years, the global energy 
demand has tripled due to the number of developing coun-
tries and innovation in technology has increased and it is 
estimated this demand goes triple again in the next 30 years. 
For meeting this demand, non-renewable and renewable 
energy can be used, but using non-renewable energy like 
fossil fuels will produce an adverse effect on the environ-
ment (Shah et al. 2018a, b, c).

Freshwater is an essential thing for a human to survive on 
this earth. Our planet has a huge amount of water reservoirs, 

but from this 97% is saltwater and only 3% is suitable for 
human use. In today’s era, due to the increasing pace of 
industrial growth and the increasing human population, 
the demand for fresh water has also increased drastically 
(Abutayeh et  al. 2014). Source of freshwater is mostly 
underground water, rivers, lakes, but due to industrializa-
tion, these sources get polluted which is the main reason for 
the shortage of freshwater. Saltwater can be transformed into 
drinking water by using a process known as “desalination”. 
This process of water purification uses plenty of amount of 
energy. Using non-renewable energy sources for desalination 
of water will be costlier, and it will harm the environment 
also adding that non-renewable energy source is limited. 
It has been calculated that for producing 22 million cubic 
metres of freshwater per day it consumes 203 million tons 
of oil per year, so the use of renewable energy like solar 
energy, geothermal energy for desalination of water should 
be preferred because they are inexhaustible and available 
free of cost, and also they are environment-friendly (Shah 
et al. 2019a, b, c, d).

There are basically two methods for the desalination of 
water. Thermal and membrane desalination methods primar-
ily energy requirement are heat and electricity. Both of this 
energy can be produced using non-renewable and renewable 
sources. Fossil fuels are non-renewable sources by which 

 *	 Manan Shah 
	 manan.shah@spt.pdpu.ac.in

1	 Department of Mechanical Engineering, Indus University, 
Ahmedabad, Gujarat, India

2	 Department of Chemical Engineering, School of Technology, 
Pandit Deendayal Petroleum University, Gandhinagar, 
Gujarat, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-020-01241-z&domain=pdf


	 Applied Water Science (2020) 10:155

1 3

155  Page 2 of 16

we can produce heat and electricity for driving desalina-
tion plants also from solar, wind, geothermal, nuclear which 
are renewable sources we can produce heat and electricity. 
But for obtaining heat and electricity from fossil fuels their 
combustion takes place due to which harmful gases like 
CO2, NO2, CO, SO2, etc., are released which have a hazard-
ous effect on humans and the environment of the earth and 
also fossil fuels are available in limited quantity on earth. In 
contrast to fossil fuel renewable sources produce heat and 
electricity without any adverse effect on human health and 
on environment; also renewable sources are available free 
of cost; only the initial cost of capturing devices is required; 
then, it is lifetime free. Today the world has awakened from 
the adverse effect of non-renewable sources, so it is turn-
ing towards the use of renewable sources for running their 
desalination plants. Mostly heat energy from earth and sun 
is used as sustainable energy for running desalination plants 
in the world (Kabeel et al. 2013).

Solar desalination is a process by which we can convert 
saline seawater into freshwater by using solar energy. Heat 
energy from solar can be utilized directly as thermal or first 
it is transformed into electrical energy which in turn can 
help us to drive reverse osmosis unit. Solar stills, solar ponds 
are devices working on thermal energy from solar energy. 
Using photovoltaic conversion, solar thermal power plants, 
electrical energy can be produced from sun energy so the 
desalination process can be done (Goosen et al. 2011). The 
rainfall also occurs due to solar desalination process when 
seawater absorbs heat radiation of sun; it starts to evaporate; 
and this vapourizes water start moving up from surface and 
move by air; and when this vapour condenses due to dew 
point temperature, as a result of this freshwater is obtained 
in form of rain (Qiblawey and Banat 2008).

The geothermal desalination process is the process by 
which we can saline seawater to fresh drinking water using 
the heat energy available from the earth’s core (Sircar et al. 
2015; Shah et  al. 2019a, b). The heat from geothermal 
energy can be utilized directly by supplying heat to salty 
water in multiple-effect distillation process or indirectly first 
producing electricity in a geothermal power plant than utiliz-
ing electricity for running reverse osmosis units. Nowadays 
we can directly use geothermal brine of 60-degree centi-
grade temperature due to recent innovation in membrane 
distillation technology (Goosen et  al. 2011; Shah et  al. 
2019a, b, c, d). Geothermal energy provides constant stable 
energy as compared to other renewable energy sources like 
solar, wind. Technically, complex capture devices and costly 
storing devices are required in wind, solar energy. In con-
trast, geothermal energy does not require complex capturing 
device, but it requires a high exploration coat as well as a 
high initial investment which is a disadvantage of geother-
mal energy (Ghaffour et al. 2014).

This manuscript contributes towards the unanimous goal 
of obtaining fresh portable water. Numerous efforts have 
been made to carry out desalination with utmost efficiency 
and without harming nature. Many technologies and meth-
ods which use renewable energy sources to carry out desali-
nation have been developed, but there is room left for a lot of 
improvement and we are still in a starting stage.

The reason behind writing this paper is to not only obtain 
portable water out of saline water but also to develop such a 
desalination system that can operate day and night and all-
round the year with harming the environment. This paper 
establishes a weapon which can strike the water-shortage 
epidemic right in its core. Therefore, the authors have 
decided to write this manuscript with an awakened sense of 
engineering and considering this as their duty and responsi-
bility towards the world.

Impact of renewable energy sources 
on desalination

The use of inexhaustible energy to operate the desalination 
systems is the only feasible and possible option for us to 
counter environment hazards and to obtain fresh potable 
water without the use of fossil fuels. Remote regions are 
potentially more to be benefited from sustainable energy 
powered desalination systems, where the joining to the 
local grid is quite expensive and not a viable option, and in 
the regions where there is less amount of water available. 
With the continuous improvement of technologies—and as 
the world is facing scarcity of fresh water and conventional 
energy sources, water purification plant operating on green 
energy will be more preferable and demanding. There are 
several desalinations plants working on green energy that 
have been installed, but most of them are either demo project 
and not in full working capacity or are smaller in terms of 
capacity (Abdelkareem et al. 2018).

Efforts are being made from the past many years for 
obtaining drinkable water from saline seawater using sun 
energy. A handful of desalination technologies based on 
solar power was developed hundreds of years ago, such as 
solar stills. Today we have witnessed the rising demand for 
making conventional desalination technologies more feasi-
ble and efficient laying more focus on developing new and 
advanced solar powered desalination processes. As the cost 
of producing electricity is increasing due to an increase in 
the prices of fossil fuel, the demand for solar energy-driven 
desalination technologies has increased. The importance of 
solar-powered desalination systems is more in remote and 
rural areas that have small infrastructure and due to less 
availability of electricity. Small-scale solar-driven desalina-
tion systems are necessary to counter the rising water crisis 
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and to cease increasing global warming (Alnaimat et al. 
2018).

Another major source for running a desalination pro-
cess integrated with a renewable energy source is geother-
mal energy. Geothermal sources can act as excellent heat 
sources for running the thermal desalination process. The 
temperatures of typical geothermal sources are in the range 
of 70–90 °C, which are considered to be hypothetical for 
running low-temperature multi-effect distillation (MED) 
desalination. The sources providing high rate temperatures 
of more than 100 °C can be utilized for producing energy 
and also for various heat applications. The global market of 
geothermal energy has about operating capacity of 13.3 GW. 
Moreover, if every country stays determined and committed 
to its goal of providing geothermal energy, then the global 
market of geothermal energy could reach 32 GW during 
2030 s. Based on current geologic knowledge and tech-
nology, we have only been able to explore around 6–7% 
of the entire Earth’s capacity for geothermal power. There 
are enormous undiscovered resources that could provide a 
vast load of renewable energy to grids and desalination pro-
cesses across the globe (Awerbuch and van der Mast 2016). 
Geothermal energy proves to be one of the most promising 
renewable energy sources and should be utilized wisely to 
fight the scarcity of water, in order to obtain potable water 
through desalination processes and reduce the effects on cli-
mate done by non-renewable energy sources.

Desalination using geothermal energy

For domestic and industrial applications, geothermal energy 
has various advantages linked with it. A geothermal source 
can be used for removing salt from seawater due to the fol-
lowing benefits (Gude 2016). Geothermal energy has a good 
capacity factor which gives a well-balanced and continuous 
heat supply which in turn helps in providing firm thermal 
desalination and reverse osmosis process. The capacity fac-
tor is availability of sources in terms of proportion and qual-
ity. Geothermal production technology is mature, and so it 
is not altered by the seasonal changes and climatic fluctua-
tions. The temperatures of normal geothermal spring are in 
the span of 70–90 °C in a major portion of the earth, which 
are considered to be used for low-temperature multi-effect 
distillation system. As being the only renewable source of 
energy with no adverse effect on environment-related to con-
ventional sources, it is environment-friendly. Geothermal 
energy covers less area for producing energy as compared 
to all sustainable sources (Fig. 1). 

Desalination by direct heat of geothermal source

(1)	 Desalination using the heat of geothermal source

Electricity generation from geothermal resources having 
a temperature of more than 150 °C and energy generation 
from on-shore geothermal reservoir is a mature technology, 
since the last four decades, that has been developed and 
used. Due to less economic feasibility, direct geothermal 

Fig. 1   Classification of geother-
mal desalination
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energy applications often from low-temperature resources 
usually 50–150 °C are not utilized if temperatures are below 
120 °C. However, with improving technologies, the elec-
tricity generation is improving even at fewer temperatures. 
These reservoirs are utilized mostly for small scale in indus-
try, agriculture, bathing, households (Lund et al. 2011).

In contrast with other renewable sources, the main 
strength of the geothermal energy is that it gives continuous 
and clean energy. On the other hand sun and wind energy 
are discontinuous, so they demand technically more advance 
capturing devices and costly energy storing devices; in addi-
tion, they have restrictions in size scale-up large units are 
impossible. Moreover, if new geothermal reservoirs are 
targeted, high searching costs, investment risk and instal-
lation costs are drawbacks. But however, these drawbacks 
are countered by free of charge availability geothermal heat 
during working of the desalination unit in contrast to fossil 
fuels. Heat production from the geothermal reservoir is less 
costly as compared to solar, so it can be a good advantage 
in regions where plenty amount of geothermal reservoir 
is available. But mostly, economic modes choose, which 
alternative is the best also the hybrid solar and geothermal 
systems can provide a possible alternative that needs to be 
considered (Ghaffour et al. 2015) (Fig. 2).

(2)	 A geothermal reservoir at temperature range 0–150 °C

Geothermal aquifers having low temperature can be 
obtained at less depth from the ground surface a few hun-
dred metres, whereas geothermal resources having high tem-
perature are mostly situated at depths level of 1000–3000 m. 
Due to these, the exploration of low-temperature geothermal 
reservoir becomes much cheaper as it demands less drill-
ing, which is the main part of exploration and utilization 

charges. Lower temperatures heat also requires a low value 
in terms of construction and substances for the carrying heat 
(e.g. non-corrosive pipes). The advantages are less scaling of 
pipe materials and more inertness of fluid to pipes materials 
(Ghaffour et al. 2015).

(3)	 Submarine geothermal resource

The consideration for submarine geothermal reservoir 
has only been taken for energy production purposes. Tivey 
(2013) discussed the research project on their exploration 
in modelling chimney growth and associated fluid flow at 
seafloor hydrothermal vent sites. The paper says that saline 
water purification operated by heat of offshore geothermal 
reservoir has few drawbacks and moreover also has some 
markable advantages in comparison with on-shore geother-
mal reservoir. It solves the problem of discharging brines/
wastes from the plants by discharging it into the sea and 
in case of a small island, there is no requirement of land. 
This resource requires no cap rock, and recharging of the 
resources is done with the help of seawater. The main disad-
vantage is discharging geothermal fluids may lead to adverse 
effects on marine life, and management in the proper direc-
tion is required. If this drawback is sorted out, then subma-
rine geothermal resources might become a potential source 
of geothermal energy in the future (Suárez-Arriaga et al. 
2014).

(4)	 Geothermal heat-powered desalination technologies

The heat from geothermal can be used to operate con-
ventionally methods such as multi-stage flash, and multiple-
effect distillation or latest methods such as membrane dis-
tillation. Water heated by geothermal heat can be used for 

Fig. 2   Geothermal desalination generalized system
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removing salt from water operation temperature: 30–95 °C. 
Geothermal heat can power MSF plants operation tempera-
ture in a range of 90–110 °C by using liquid–liquid heat 
exchangers (Micale et al. 2009). The advantage of using the 
geothermal heat for operation of multiple-effect distillation 
is having less operating temperature 70 °C as compared to 
multi-stage flash. As compared to solar heat utilized for 
operating multiple-effect distillation and multi-stage flash 
plants are limited to a capacity of water production b100 m3/
day, because of restricted dimensions of the solar pond 
(Ghaffour et al. 2013), while geothermal is not having such 
limitations to the capacity of the plants. The geothermal 
plants are of small scale having a capacity of b10 m3/day) 
than the middle-scale 10–1000 m3/day at last large-scale 
N1000 m3/day, at present the plants having capacity of mil-
lion m3/day (Ghaffour et al. 2014; Drouiche et al. 2011), for 
instance, 900,000 m3/day capacity of Al-Jubal Phase II MSF 
plant. Geothermal fluids can be used for adsorption-based 
desalination which is operating in temperature between 55 
and 85 °C, making it a more efficient innovative method for 
purification of water. MD units, which is in the designing 
phase so we can increase overall efficiency and lower the 
various costs, and some units are available as industrial units 
having a capacity of range 0.5–100 m3/day (Alkhudhiri et al. 
2012; Curcio and Drioli 2005). For instance, Scarab, Fraun-
hofer, Memsys, Memstill are more used with geothermal 
fluids having running temperatures in range 50–90 °C. For 
the above-stated methods, on the basis of the condition of 
the site, salty water can be transformed into drinkable water 
or if the proportion of minerals is less, then the water of 
geothermal can itself be used for drinking after desalination. 
If geothermal water is the only available water source, the 
last is especially important.

Important studies for the application of geothermal 
source for the desalination process

Luqman et al. (2019) worked to generate hydrogen, power, 
fresh water, oxygen and heating altogether and established 
one new system based on a combination of solar and 
wind energy. In their system, Luqman and his teammates 
employed parabolic trough solar collectors and wind tur-
bines to establish a primary source of power. In addition, to 
generate hydrogen with their method, they also used a proton 
exchange membrane (PEM) water electrolyzer. Upon vari-
ous demo experiments, they concluded that the developed 
hybrid method showed around 50% efficiency, while the total 
exergy efficiency of the system entailed to be around 34%. 
Refrigeration based upon the principle of vapour compres-
sion was used in Luqman’s system which uses employable 
electricity, and also for the production of hydrogen, a PEM 
electrolyzer was used that calls for a large input of power.

Yu and Yu (2019) in his work talked about the simulta-
neous generation of power and fresh portable water where 
there is plenty of availability of geothermal energy sources. 
They proposed a combination of three systems for obtain-
ing power and fresh water, namely a steam system (SS), 
a single-flash system (SFS), and a trilateral flash system 
(TFS). Through various experiments and demonstrations, 
they concluded that for generating portable water, TFS is 
highly advantageous when compared with traditional power 
systems. With TFS, 2.7 times higher portable drinking water 
can be obtained by employing a 20% efficient turbine. Thus 
it was recognized that TFS can be employed when it comes 
to power generation and obtaining fresh water in arid regions 
having plenty of geothermal sources.

Chandrasekharam et al. (2019) in his review paper ana-
lysed and highlighted the water crisis that Egypt faces. They 
concluded that Egypt is facing the worst water crisis, and 
the only way for the country to prosper through that is by 
desalinating water from the Red Sea and the Mediterra-
nean Sea. Obtaining portable water from these two water 
sources can help reach its Sustainable Development goals 
and counter the crisis of food and water in the country. They 
found out that by exploiting its geothermal energy sources, 
Egypt can reach a target of fulfilling 1000 m3/year per capita 
water usage by 2025. The traditional technologies used for 
obtaining fresh water cannot be used any longer citing global 
problems by CO2 emissions. Additionally, they found out 
that producing desalinated water through geothermal energy 
sources is also economically better as compared to using 
fossil fuels for the process.

In his citation, Gude (2019) focused on geothermal 
energy usage for producing portable water and explained 
the advantages of it along with a few setbacks. Geothermal 
energy is a versatile method and can be used to produce 
power along with portable water through various methods 
like multi-stage flash distillation, multi-effect distillation 
technologies. Also, using this power source has additional 
perks like lower corrosion rates, low-cost materials of con-
struction with longer plant life, lower scaling, lower heat 
losses and shorter start-up periods which makes geothermal 
energy a priority in renewable sources.

Davies and Orfi (2014) discussed the utilization of water 
from geothermal sources in desalination is an almost unchar-
tered scientific theory. There are only a few numbers of con-
cept estimate and recognizing the use of geothermal water as 
a main heating source for removing salt from water is acces-
sible. Geothermal energy sources having high temperatures 
are acceptable for the creation of electricity, while sources 
having less temperature can be used for the salt removal 
process from water. Hot groundwater can be used without 
any treatment to large distillation plant or power plant.

The initial study of desalination using geothermal was 
analysed and also proposed by Awerbuch et al. 1976 to 
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create electricity and drinkable water from brines obtained 
from the ground (Awerbuch et  al. 1976). The process 
includes a separator, turbine running by steam and multi-
stage flash unit. The work of the separator is to separate the 
steam coming from the high-temperature brine extricated 
from the production well of geothermal should be passed 
through the steam turbine, while the hot brine which is not 
evaporated completely should be used to create drinkable 
water, as the raw water to the multi-stage flash unit. Early 
time research at the test site situated at East Mesa esti-
mated the possibility evaporator of the vertical tube, and 
multi-stage flash and electrodialysis desalination processes 
operated using geothermal energy (Boegli et al. 1977). In 
distillation units, tubes were used for heat transfer, while 
prior checked membranes of Teflon-backed, membranes 
made up of Dacron and polypropylene backed in thin cell 
arrangement were evaluated in high-temperature electro-
dialysis processes. Data were gathered to analyse the coef-
ficients of heat transfer, feed, fouling of tubes and scaling 
of pipes effects, cell-pair resistance, membrane fouling. 
To counter the side effects of silica, calcium carbonate 
and barium sulphate depositions, pretreatment having of 
poly-phosphate adding in distillation units and acidifica-
tion was performed for electrodialysis. This operation has 
two-stage and three-stage operations at 60 °C and 72 °C, 
while multi-stage flash and vertical tube evaporator units 
were analysed at both Peak and low temperatures at 135 °C 
and 87 °C. The benefit of using earth heat as a source is 
they are ideal for thermal desalination processes because 
the energy obtained in output is generally available in 
steady conditions. Also, benefits with geothermal sources 
are that water from the earth can serve both as raw water 
and medium of heat transfer for the removal of salts.

Karytsas (1996) has described a case study of seawater 
desalination plants operated on low-temperature geothermal 
energy sources on the Milos Island in Greece. The prototype 
provided by him proposed the coupling of multi-effect distil-
lation setup with an underground earth heat source having 
temperatures between 75 and 90 °C. The research declared 
that the using low-temperature geothermal energy would aid 
us to preserve 5000 TOE/year for a plant having productivity 
ranging 600–800 m3/day useable water and thus also help 
in preserving the environment. In the situation of having 
a restricted source of geothermal, desalination processes 
having principle operation of thermal such as multi-stage 
flash, thermal vapour compression, multi-effect distillation, 
single-stage flash distillation highly benefited when linked to 
the source of geothermal by minimizing demand of energy 
initial heating.

Bouchekima (2003) analysed the working of solar still 
in which impure water geothermal sources were used as 
raw water in a plant located at South Algeria. In South 
Algeria, all the geothermal sources obtained are low 

energy sources having a maximum capacity of a range of 
60–70 °C. A new distillation process operated on solar 
having capillary film was invented and thoroughly ana-
lysed. A comparison was made between the theoretical 
study of the heat energy and mass transfer phenomenon in 
this distiller operated on solar with the experimental out-
put from the working unit. The distiller having capillary 
film, combined with recovery, has the potential to makeup 
water up to 20 L/m2day; on the other hand, old design 
solar still has a capacity of 5 L–6 L/metre2/day surface 
area of the collector.

Bourouni et al. (1999a, b) demonstrated a promising aero-
evaporate-condensation process for chilling also for remov-
ing salt through geothermal brackish water. The evaluation 
of heat energy and mass transferring phenomenon in the pro-
cess was done with the aid of modelling and practical analy-
sis with a geothermal fluid having temperatures of 60–90 °C. 
A cost comparison was done between the desalination costs 
operated by geothermal for the proposed method and water 
desalination technique which are available. The calculated 
price for this method is $1.15/m3 when operated using geo-
thermal sources; on the other hand, if heat energy is applied 
by the source of fossil fuel, the price was hiked up to $4.80/
m3, which is way more if considered in masses. While the 
prices for various methods are proposed as multi-stage flash 
costs $1.57/m3 having turbine of back-pressure steam, multi-
stage flash having turbine of gas and boiler operated on 
waste heat it costs $1.44/m3, and thermal vapour compres-
sion consists of a turbine of gas and boiler running on waste 
heat cost $1.31/m3. Mohamed and El Minshawy, also done 
practical and theoretical researches on removing salt from 
the water with the help of dehumidification–humidification 
technique which is the same as Bourouni et al. (1999a, b) in 
Egypt (Mahmoudi et al. 2009a, b).

Mahmoudi et al. (2010) proposed a method-purifying 
water with greenhouses gas desalination method running on 
heat from earth, i.e. geothermal source. As in Algeria, this 
method is appropriate for dry and cold surrounding condi-
tions in local regions. It is the same as the dehumidification 
and humidification of air. In this process, a heat-transferring 
device installed in the ground is used to preheat water com-
ing from a geothermal source suitable for this given desali-
nation technique which contains vapourization and cooling 
surfaces on combining with increasing temperature of green-
house gas. They concluded through analysis and experiment 
that heat from the ground is the most suitable application for 
purification of inland brackish water.

Koroneos and Roumbas (2012) studied that geothermal 
sources have the capacity in the Greek island of Nisyros 
located in the south-eastern part of the Aegean Sea for 
removing salt from seawater and electricity creation, using 
separately, and the connected method was proposed. Due 
to its requirements of lower energy and less scaling and 
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operating at less temperature a multi-effect distillation was 
suitable in this study. To understand the thermodynamic 
performance of the desalination plant, an analysis of the 
demand for energy by the desalination unit was also cal-
culated. Furthermore, a life span evaluation was also done 
on the multi-effect distillation desalination and electricity 
creation-linked scheme. The environmental impacts were 
reported to be negligible as in the case of the plants oper-
ated by fossil fuels. Also from this method, the waste heat 
obtained from the plant was used for the salt removing pro-
cess from water.

The presence of boron is to be a minor drawback using 
water from geothermal sources imposing a restriction on 
the usage and other uses. Additional processes for removing 
boron should be used in water purification plants because 
reproductive and developmental toxicity in animals and 
crops occurs due to the presence of boron in water. In Poland 
and Turkey, much research was done by scientists on many 
types of waters from the ground, and radioactive compounds 
such as radium, radon and tellurium are also present in that 
water. Several hybrid methods coupled with membranes 
methods and electrode ionization resin methods are devel-
oped to remove the Boron proportions up to some levels 
which are less than 1.0 mg/L.

Solar desalination

The solar desalination process in which we are using is 
usually a small-scale process of natural hydrological cycle 
used for rain. Research and industries have proved that solar 
desalination is better than mechanical desalination for large 
capacity plant applications (Fig. 3).

Solar desalination process is of two types

(1)	 Direct solar desalination
(2)	 In-direct solar desalination

Direct solar desalination process utilizes solar energy 
directly for producing freshwater, but indirect solar desali-
nation heat of solar is used to run conventional desalination 
methods like multi-effect evaporation, multi-stage flash, 
reverse osmosis, etc. (Shatat and Riffat 2014) (Fig. 4). 

Solar still Solar still is a direct solar desalination process 
in which the collection of heat and distillation processes 
occurs in the same unit. Brackish water is placed inside air-
tight transparent having V shape construction where water 
converted into steam due to absorption of radiation from sun 
heat and then it starts cooling of steam on a sloppy surface 
by giving heat to the environment so as a result condensed 
droplet acts as a freshwater. A drawback of this process is it 
has a low production rate (Salem, 2013)

Humidification and dehumidification In this process, the 
air is used as a heating medium. The principle used in this 
process is mass diffusion. Dry air is used to evaporate saline 
water, so humidification of air occurs. After that freshwater 
is obtained by condensing the vapour so dehumidification 
of air occurs (Narayan et al. 2010).

Multi-stage flash distillation This process uses the distil-
lation process through many chambers; here in each chamber 
pressure decreases gradually. The brackish water is heated 
under high pressure using heat from solar collectors of 
any type, and it is led to a first flash chamber where some 
amount of pressure decreases and water starts to boil rap-
idly result in sudden evaporation. This evaporation of part 
brackish water continues in every preceding stage because 

Fig. 3   Classification of solar 
desalination systems



	 Applied Water Science (2020) 10:155

1 3

155  Page 8 of 16

the pressure in every stage is reduced gradually. The vapour 
generated by the evaporation of water gets condensed by 
using a heat exchanger tube that is fitted in every chamber 
and that cooled water can be utilized for human purposes 
(Krishna 2004).

Multi-effect distillation This process occurs in a number 
of vessels, and the principle of evaporation and condensa-
tion is used to obtain fresh water at lower ambient pres-
sure. In multi-effect distillation at lower pressure, a series 
of evaporation effects produces the water. As the pressure 
decreases the water is able to evaporate at low temperatures, 
so water vapour of the first vessel can be used as a heating 
source for another vessel and so on. The more the number 
of vessels better will be the performance ratio. Multi-effect 
distillation can be divided as horizontal, vertical or verti-
cally stacked tube bundles as per the arrangement of a heat 
exchanger tube. The combined capacity of 3.5 mgd of three 
low-temperature multi-effect distillation plant successfully 
operating at st. Thomas US virgin islands, where the main 
supply source of water is desalinated water (Ali et al. 2011).

Vapour compression desalination In combination 
with multi-effect distillation process vapour compression 

distillation process is used. The vapour produced in the 
first effect of multi-effect distillation is acting as a heating 
medium for second stage which is at a lower pressure as 
compared to the first stage. Using compressor vapour pro-
duced in the last stage is compressed due to which its satu-
ration temperature is raised before it returns to. Here the 
device for compression is run using solar energy by photo-
voltaic converts. Vapour compression process is not efficient 
until it is not coupled with the multi-effect distillation system 
(El-Dessouky et al. 2000).

Freezing desalination Demonstration project is only 
built for this process. Because it has drawbacks like ice and 
water mixture which are difficult to handle, the cost and 
difficulties of the refrigeration system, the requirement of 
fresh water to wash the crystal before melting it. A standard 
refrigeration cycle can be used for freezing of saline water 
until ice is formed after that ice is washed with freshwater 
and melted. In Saudi Arabia, this type of solar-powered unit 
is constructed in last 1980 by Chicago bridge and iron, Inc., 
under the SOLER programme which was a joint contract 
between the USA and Saudi Arabia. But this unit was highly 
inefficient. Here solar collection point focused is used in 

Fig. 4   Generalized solar desalination system
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heat oil; in turn, they heat salt acting as a storage medium 
for continuous working for heating water-producing steam 
which makes shaft power so refrigeration cycle can work 
(Qiblawey and Banat 2008).

Reverse osmosis When water containing low salt concen-
tration is passed into a more concentrated solution through 
a semi-permeable membrane, it is a natural phenomenon 
called osmosis. Now again if pressure is applied to high 
salt concentration solution having pressure value more than 
osmotic pressure, then it will flow in reverse direction leav-
ing the salt concentration behind and this process is known 
as reverse osmosis process. Salt separation is done with the 
help of semi-permeable membrane, and reverses osmosis 
system mostly depends on the properties of semi-permeable 
membrane material. When initial pressure is applied, then 
water from salt solution is passed through the membrane and 
collected in the brine compartment. Again if pressure more 
than initial pressure is applied, then water is able to pass 
through the membrane and goes to a freshwater compart-
ment. The solo energy requirement is for running the pump 
for supplying high-pressure feedwater more than osmotic 
pressure 50–80 atm. The pressure is required so the proper 
quantity of water passes from some area of the membrane. 
When feed water passes via membrane major amount of 
dissolved solids are separated and the rest of the salts are 
removed at high pressure. Energy from solar can be utilized 
to run the pump using photovoltaic converts. The output of 
the reverse osmosis process is approximately 500–1500 L 
per day per square metre of membrane depending on the 
concentration of salt in feed water and circumstances of the 
membrane (Eltawil et al. 2008).

Electrodialysis (E-D) In this process with the help of 
electrical potential difference ions in feed water is passed 
through a membrane which results in the reduction of salin-
ity in feed water. DC current is normally used for generating 
a potential difference for the moving of ions. Feed water con-
tains dissolved ions such as positively charged sodium and 
negatively charged chloride ions. The ions having character-
istics of attraction towards oppositely charged electrodes. In 
addition to anion and cation permeable membrane some spe-
cial membrane if used we can get the layer of salt deposited 
between the membrane. In industrial level many numbers 
of cation and anion membrane are coupled together having 
plastic spacers that allow water to pass from it. This process 
is efficient only when dissolved salt is less than 6000 ppm. 
Here the requirement of DC power can be fulfilled by using 
photovoltaic panels powered by solar energy (Abdelkareem 
et al. 2018) (Table 1).

Important studies for use of solar energy 
for the desalination process

(1) Lu et al. (2000) proposed a solar pond coupled with a 
desalination plant located at El Paso (USA). The thermal 
plant and RO plant both are powered by the solar pond. 
The standard multi-stage flash system is not able to run by 
connecting it with a fluctuating heat source. The solution 
for this problem is given by Atlantis Company developing 
an advance multi-stage flash system known as an AUTO-
FLASH which has a characteristic of coupled with a solar 
pond (García-Rodríguez 2002). Although the multi-effect 
distillation system is more beneficial as compared to a 
multi-stage flash system in terms of high productivity ratio 
and also important features of stability against the corro-
sion effect and effect of scaling from seawater. The pro-
posed model works by transferring the heat energy from 
the heat-deposited zone of the solar pond to brine water for 
preheating. Furthermore, this heat is also used for reverse 
osmosis desalination of both seawater and brackish water 
after being used by the AUTOFLASH system. A new design 
of solar collector was invented and coupled with a multi-
effect humidification desalination plant. A small prototype 
of this model is installed at Pozo Izquierdo (Gran Canaria, 
Spain). Moreover, when a multi-effect distillation system 
coupled with a solar pond as a source of heat results are 
more satisfactory as compared to multi-effect flash system. 
In conclusion, a desalination system when connected with a 
solar pond is the most beneficial system in terms of operat-
ing costs.

(2) A study of sustainable polygeneration technique is 
presented by Calise et al. (2016) for minor remote society. 
He also proposed an eco-thermodynamics optimization and 
exergy-economic study. The system incorporates concentrat-
ing photo-voltaic thermal structure connected with a chiller 
operating on absorption principle and a group of thermal 
reclamation with a multi-effect distillation structure coupled 
with an auxiliary heater fired on biomass. In the auxiliary 
heater and in the solar system the maximum destruction rate 
of exergy takes place. However, the resulted exergy perfor-
mance ratio is low for this system. The collection of solar 
power when done with parabolic trough collector connected 
with an organic rankine cycle having refrigerants like R134a 
and R152. The system shows the greatest efficiency, also 
the destruction of exergy in solar collector is 70% out of 
total, while organic rankine cycle evaporator has 17% exergy 
destruction of the total. When a double-effect and single-
effect absorption chillers equipped with a parabolic trough 
collector, it can be used for the solar system of heating and 
cooling of water in desalination plants. When a multi-effect 
distillation system connected with an organic rankine cycle 
and parabolic trough collector, then the system will be in 
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optimum condition at 700–750 °C of multi-effect distillation 
supply having 16–20 stages.

(3) Fernandez-Gonzalez et al. (2015) proposed the fea-
sibility of solar photovoltaic coupled with an electrodi-
alysis system for the desalination of water on the basis of 
considerations of energy and environment. He studied the 
electrodialysis system operated by solar and grid systems 
and came to the conclusion that an electrodialysis system 
connected with solar is more efficient than that of the grid 
system. The energy consumption of integrated photovoltaic-
electrodialysis system obtained is 0.49–0.91 kWh/m3 which 
is much less than grid-connected system consumption. Fur-
thermore, the negative impact on the environment is also 
less for the solar-operating system as compared to the grid 
system. The solar-coupled system is suitable for regions hav-
ing a lack of electricity supply, countries not having low-cost 
fuel for desalination, regions having an adequate amount 
of sunshine, so the system can work in an optimum state. 
The electrodialysis energy requirement is direct current for 
separation of ion in saline water. So energy consumption 
depends on the quantity of the ions in water. This system 
is capable to produce drinkable water from brackish water 
having dissolved solids between 0.4 and 6 g/L (Ullah and 
Rasul 2018). Electrodialysis reversal is a similar process like 
electrodialysis, but here the positive ion and negative ion get 
reverse so due to which electric current becomes altered. 
The frequency of fluctuating current is 4 times an hour. In 
this reversal method, the fouling and scaling of the mem-
brane are reduced. Due to fluctuating polarity and circulation 
of feed water, the recovery percentage of the reversal method 
is more efficient as compared to simple electrodialysis.

(4) The economic and thermodynamic research is done 
by Baccioli et al. (2018) regarding the natural rankine cycle 
and multi-effect distillation plant of waste heat recovery. 
He compared several different layouts, namely serial cas-
cade configuration and simple cascade configuration. From 
above-mentioned two layouts serial cascade configuration 
has more profit-making index as compared to simple cas-
cade configuration. Furthermore, another various type of 
layouts compared for small capacity multi-effect distilla-
tion systems for isolated dry regions. Layouts are traditional 
system equipped with steam and diesel generator, the solar 
equipped system in which heat energy for the evaporator is 
given by solar collectors and diesel pump is used for pump-
ing the fluid, lastly, the solar equipped system for supply-
ing heat through solar collectors and pumping of fluid is 
done by solar photovoltaic (Liponi et al. 2020). The results 
showed that fossil energy outweighs solar energy in the pre-
sent scenario, but in some dry isolated regions where the 
transportation of fuel is costlier the solar energy plays an 
important role in the desalination of water. The appreciation 
for the small-scale multi-effect distillation plant increases 
the practicality of the waste heat recovery system. The small 

capacity plant requires a reshaping in the configuration of 
the plant as compared to the large capacity plant, so the 
desalination cost can be decreased and the efficiency ratio 
of the plant can be increased.

Aim of Schwarzer et al. (2001) was to increase the output 
of the desalination system which is linked with flat plate 
solar collectors. So he invented a desalination tower linked 
with flat plate collectors different heights and condensation 
of water occurs in one stage underside of next stage so due 
where oil used as a heating medium. In tower water get evap-
orated at successive stages, and this heat transfer is increased 
and the net output of the system is also improved. We can 
compare the desalination tower of Schwarzer et al. by multi-
effect solar still. Similar kinds of results are obtained that of 
the tower if a solar still knows as “stacked plate still” is used 
which was proposed by Fernhndez and Chargoy (1990). The 
capacity of the production of freshwater from distillation 
water reaches 25 L/m2 day having an energy consumption 
of 4.8 kw/m2 day of the solar radiation.

Tanaka et al. (1981) worked to increase the production of 
freshwater from the basin stills. He uses a porous radiation-
absorbing pad through which feed water will flow and he 
named this still as a wick still. The advantage of wick still 
over basin still is wick still can be tilted, so pad gets more 
surface area to absorb radiation and also reduce reflection 
of sun rays. Also, less feed water will present in wick still 
because water will flow slowly through pads due to this 
evaporation of water will take lesser time and high-temper-
ature steam will be obtained. At last, he proved that wick 
still is more productive than basin still and production rate of 
freshwater by wick still 20–50% more as compared to basin 
still because in it design of solar collectors is conventional 
and more amount of feed water enters at a time, so evapo-
ration of water increased and low temperature of steam is 
obtained. He also claimed that if some further modifications 
are made in wick still design, then it can cost less than that 
of basin still like aluminium frame having foam insulation 
at bottom supported by a net of nylon ribbon, cover made 
of glass and water storage tank made of galvanized steel or 
iron.

Müller-Holst et al. (1999) designed a multi-effect humidi-
fication distillation experimental setup and want to test the 
performance of this setup at various operating conditions. 
Distillations of water under atmospheric conditions with the 
help of an air loop saturated with water vapour is the operat-
ing principle of a multi-effect humidification setup. Forced 
with fans or natural convection is used for air circulation also 
the combinations of evaporator–condenser cycle is known as 
a “Humidification cycle” because evaporator humidifies air 
and condenser dehumidifies it. As this setup is running on 
solar energy, so the capacity rate of freshwater production 
will get affected by seasons. He reported 6000 L per month 
as an average production rate and maximum production 
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was 10,500  L in May month and minimum production 
was 1700 L in January month. He also suggested another 
design of multi-effect humidification named it “SODESA 
SYSTEM” having a storage tank for storing thermal at the 
proper pressure and a collector field. In this system feed 
water directly enters the collector and gets heated. The effi-
ciency of this system is high as compared to the system with 
heat exchanger because here there is no loss of heat due 
to heat transfer through the heat exchanger. The drawback 
of this system is the increase in the cost of system special 
materials are required which can resist corrosion of seawater 
at 100 °C temperature.

Garmana and Muntasserb (2008) worked to find the suit-
able thickness for different zones in the solar pond which can 
be coupled with multi-effect distillation of low temperature, 
so maximum output from the system can be obtained. Multi-
stage distillation system is more efficient as compared to a 
multi-flash system because of operating low temperatures. 
The steam temperature of 80–90 °C temperature is most suit-
able for multi-effect distillation. Both of them reported that 
solar pond has three zones upper convective zones of 0.3 m 
thickness, non-convective zones of 1.1 m thickness and at 
last lower convective zone of maximum thickness of 4 m. 
All these lead to the continuous increasing temperature of 
solar pond and make more productive to low-temperature 
multi-effect distillation plant. Due to dust deposition on the 
surface of solar collectors production rate of freshwater can 
be drastically decreased to 40%.

Ward (2003) worked to develop a water purifier operat-
ing on solar which can satisfy the need for the freshwater of 
poor communities. So he comes up with a plastic sheet of 
black colour covered with a glass window of white colour. 
The plastic sheet is designed as an array of an interlinked 
square that holds the degraded water also material having 
excellent properties due to which no taste, smell, the colour 
of the plastic sheet is transferred to the freshwater output. 
This water purifier is designed in such a way that it does 
not require any filter, electronic parts, moving parts. This 
purifier is capable of converting seawater containing TDS 
35,000 ppm to clean potable water having TDS of 1–2 ppm. 
The production rate of freshwater was 9 L/m2 day at 35 °C 
ambient temperature. This production rate of fresh water is 
sufficient for a small family that can obtain potable water 
from any dirty water source like the sea, borewell, brackish 
water, etc. The construction of the purifier consists of an alu-
minium frame of any shape on which a black plastic sheet is 
vacuum formed. So due to this final shape of sheet becomes 
rectangular and consists of a number of shallow and square 
cross-sectional trays connected by each other with weirs. In 
total, 100 ml of liquid can be stored by each tray and approx-
imately this system consists of 32 trays and some channel 
networks for distributing and collecting degraded and pure 

water. For keeping good efficiency of this system cleaning 
of purifiers should be done on a regular basis.

Al-Kharabsheh and Goswami (2003) proposed a system 
having a continuous production of water unless of batch 
production of a single basin still. So they designed a system 
in which evaporation and condensation occur in vacuum 
conditions. Using natural forces of gravity and atmospheric 
pressure vacuum is created. In this system, they have put 
evaporation and condenser chamber at 10 m height from 
ground level and using a solar heating system for evapora-
tion. When hydrostatic and atmospheric pressure is balanced 
vacuum occurs in discharge and output pipes. Here mostly 
flat plate collectors are used because here low tempera-
ture is required for evaporation of water. In the evaporator 
when evaporation of water starts, then salinity in evaporator 
increases which results in a decrease in the evaporation rate 
of water solution of this problem to remove some amount 
of concentrated brine at some flow rate and simultaneously 
add some saline water at a rate equal to withdraw. No pump-
ing power is required to pump saline water because of the 
vacuum. Ejected concentrated brine can be used to construct 
a solar pond by further concentrating it. Evaporation cham-
ber is connected to the condensation chamber where water 
vapour condenses and freshwater is obtained which can be 
used for drinking purpose. Maintenance activity like peri-
odic cleaning and flushing of system is required, so any non-
condensable gas can be removed which can affect vacuum 
conditions. Based on the experimental and theoretical results 
vacuum system is more productive as compared to the sim-
ple basin solar still.

Proposed model of a hybrid system for water 
desalination using solar and geothermal 
energy sources

A humidification–dehumidification desalination method 
with a solar-geothermal source used as a hybrid energy 
source is proposed in the following Fig. 5. Evaporation of 
saline water inside the humidification chamber and cool-
ing of the steam through the attached condenser in order to 
obtain fresh potable water is a basic principle for operating 
this model. Parameters such as ambient temperature, solar 
radiation, air temperature at solar heater inlet and outlet, 
water temperature in humidification container, air flow rate 
and relative humidity at humidification chamber inlet and 
outlet are to be measured. The same test rig configuration 
was used by Elminshawy et al. having little bit difference 
in air heater operated by solar and water tank for geother-
mal. As shown in the figure, saline seawater, brackish water 
is filled in a tank and passed over the solar heaters (1) as 
shown in the figure. To increase the turbulence, cylindrical 
pipes of small size having each pipe diameter as 1 in. the 
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stumbled arrangement are to be used inside the solar air 
heater and hence the increased temperature of the air at the 
input of the humidity process. In order to absorb maximum 
radiation, a black colour coating is done on pipes also on 
bases. A geothermal energy source (geothermal water tank) 
is to transfer heat energy to the water used in the humidity 
process. A small water pump-bearing capacity of 0.2 kW 
is used to supply hot water from the geothermal water tank 
(8) to the humidification chamber (10). To have control of 
the water flow rate of the geothermal, the flow control valve 
(9) is used. This valve is located (11) at the output of the 
humidification chamber and entry in water tank. To trans-
fer heat energy between the high-temperature water coming 
from the geothermal tank and salty water in the humidity 
chamber, a heat exchanger consists of a tube made up of 
copper material. Water from the output of the heat transfer 
device (11) returns to the water tank through the path men-
tioned. The induced water (1) when making an entry in solar 
heater and then its temperature is increased up to some limit 
before it goes to the humidification process. Due to heating 
effect generated by solar heaters and geothermal heat source 
through the heat exchanger, temperature exceeds seawater 
boiling temperature and it gets converted into water vapour 
in the humidification chamber. The left out brine then taken 
out from the humidification chamber through a back path 
(not mentioned in the figure). This water vapour then passes 
on to the condenser (2). Any cooling medium is used inside 
the condenser to cool the water vapour into pure drinking 
water. The cooling medium (ocean water) carries away heat 
of condensation (4) to the tank containing water in order to 
initial heating the salty water before it goes to the humidifi-
cation process (7). Here water used in this proposed model 

comes from the treatment plant in which ocean water under-
goes initial treatment against various types of dirt using dif-
ferent purification techniques. To measure the temperature 
of salty water in the humidification process, thermocouple 
(K-type digital) is used.

Challenges and scope

The incoming shortage of fossil fuels and day by day increas-
ing demand for water to accomplish these more development 
in the field of water desalination and purification by renew-
able energy will be encouraged shortly. Researches are more 
concentrating on solar thermal, Geothermal energy sources 
as an alternative source of energy for operating desalina-
tion or purification plants. One of the options is to couple 
the renewable energy sources mostly solar or geothermal 
with large-scale desalination plants like multi-evaporation 
or multi-stage flash system so we can get potable water at 
some suitable cost.

However, there are some obstacles while using renewable 
energy for the desalination of water like society is not mature 
enough about the energy crisis in the world, the benefits of 
renewable energy and the solution of these are to educate 
the community. The main hindrance regarding the use of 
salt removing systems from water operated using solar is 
the productivity of the system, which is low as compared to 
the conventional desalination. The parameter which controls 
the efficiency of desalination plant using solar energy is the 
transfer of heat energy and masses during the vapouriza-
tion and cooling process. Moreover, desalination operated 
on solar is not suitable for large scale industrial plant due to 

Fig. 5   Hybrid geothermal solar 
desalination system
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some technical and economic limitations. Also, solar radia-
tion is not uniform in every region of countries. In addi-
tion to these geothermal sources are also not available in 
every part of nations, and it requires much deep drilling for 
utilizing it. International development association declared 
in 2012 that the cost of one-metre cubic of freshwater pro-
duction from seawater ranges from the US $ 0.5 to the US 
$1.5 for every 1000 manglers produced. In the future, due to 
technological advancement costs can be reduced to the US 
$ 0.25 for every 1000 s filter created so people can utilize 
desalination using renewable sources without any hesitation. 
One should remember that nature gives renewable energy 
free of cost, but it’s our duty how efficiently we can collect 
that energy.

Along with the cost of obtaining portable water, geo-
graphical locations also play an important role while set-
ting up a plant of desalination. Arid regions like Egypt 
serves as a huge source of Geothermal energy. The task 
that lies ahead is exploring the ways of extracting that 
energy and using it as per our need. For instance, Egypt’s 
water crisis can be overcome by using that geothermal 
energy to run the desalination system and obtain fresh 
water from the Red Sea or the Mediterranean Sea. Using 
such sources of power will help us overcome many hur-
dles in the way of achieving sustainable development. The 
availability of Solar and Geothermal Energy as per our 
needs is the only major obstacle we face, and this can be 
overcome by judiciously selecting the regions for the setup 
of a desalination plant.

The proposed Solar-Geothermal Hybrid desalination sys-
tem will not only serve as a breakthrough in the desalina-
tion technologies but will also prove to be versatile equip-
ment that can be employed anywhere and work under any 
conditions.

Conclusion

This manuscript highlights the use of renewable energy 
sources to carry out desalination and focuses on a model 
which works on both geothermal solar energies to obtain 
fresh water. There have been numerous drawbacks and 
limitations while employing systems solely based on either 
geothermal energy or solar energy for obtaining portable 
water. The proposed hybrid system offers to cover up all 
those limitations and establishes a new approach towards 
the burning problem of water crisis.

Employing geothermal as well as solar energy in a desali-
nation system provides us with a wide range of solutions. In 
addition, it may increase freshwater production by providing 
better efficiency.

This system can even operate at night or in rainy or 
cloudy seasons, as geothermal energy ensures us with 24-h 
energy supply, making the system more feasible. In sunny 
regions where solar energy dominates, geothermal energy 
can also be used for secondary electricity production.

Thus making this system least affected by weather condi-
tions and ensures us with full capacity fresh water supply 
throughout the year. This system might play a major role 
in overcoming the water crisis and in optimizing the use of 
fossil fuel and make renewable energy dominating over a 
period of time.

The burning problem of the twenty-first century should 
be resolved as quickly as possible; otherwise, that day is not 
far when the foretells of people saying, “The reason for third 
world war will be WATER” will eventually come true. For 
the conservation of the environment and to take control of 
the rising global temperature, renewable energy is the only 
practical engineering solution.
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