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Abstract— The origin and continuation of mankind is based 

on water. Water is one of the most abundant resources on 

earth, covering three-fourths of the planet’s surface. 

However, about 97% of the earth’s water is salt water in the 

oceans, and a tiny 3% is fresh water. This small percentage 

of the earth’s water—which supplies most of human and 

animal needs—exists in ground water, lakes and rivers. The 

only nearly inexhaustible sources of water are the oceans, 

which, however, are of high salinity. It would be feasible to 

address the water-shortage problem with seawater 

desalination; however, the separation of salts from seawater 

requires large amounts of energy which, when produced 

from fossil fuels, can cause harm to the environment. 

Therefore, there is a need to employ environmentally-

friendly energy sources in order to desalinate seawater. 

Desalination is a process of removing dissolved salts from 

seawater to produce fresh water for consumption. After a 

historical introduction into desalination, this paper covers a 

large variety of systems used to convert seawater into fresh 

water suitable for human use. It also covers a variety of 

systems, which can be used to harness renewable energy 

sources There are two major types of desalination 

technologies around the world, namely membrane 

desalination and thermal desalination. The former 

technology features the use of a special filter (membrane) to 

produce desalinated water, whereas the latter technology 

involves the boiling/evaporation of seawater to give off 

water vapour which, on condensation, yields salt-free liquid 

water. Only industrially-tested desalination systems are 

included in this paper and they comprise the phase change 

processes, which include the multistage flash, multiple 

effect boiling and vapour compression and membrane 

processes, which include reverse osmosis and electro 

dialysis. Reverse osmosis ("RO") is a predominant form of 

membrane desalination. For thermal desalination, the most 

commonly adopted technologies are multi-stage flash 

evaporation ("MSF") and multi-effect distillation ("MED"). 

RO is currently the most widely used method for 

desalination. In 2012, it accounted for 63% of the 

desalination production capacity worldwide, followed by 

MSF (23%) and MED (8%).The paper also includes a 

review of various systems that use for desalination. Finally, 

some general guidelines are given for selection of 

desalination and the parameters that need to be considered. 
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I. INTRODUCTION 

As the world population is growing, the need for fresh water 

is increasing. Water desalination is a mean for producing. 

World water resources are mainly salty (97.5%) and fresh 

water (2.5%). Salty water is found in oceans, seas and some 

lakes while fresh water is either stored underground (30%) 

or in the form of ice / snow covering mountainous regions, 

Antarctic and Arctic (70%) but only 0.3% is usable by 

humans fresh water from saline water abundant in seas and 

oceans. Thus, tremendous efforts are now required to make 

available new water resources in order to reduce the water 

deficit in countries which have shortages, According to 

World Health Organization (WHO) guidelines, the 

permissible limit of salinity in drinking water is 500 ppm 

and for special cases up to 1000 ppm. Most of the water 

available on the earth has salinity up to10 000 ppm and 

seawater normally has salinity in the range of 35 000–45 

000 ppm in the form of total dissolved salts. The 

desalination of seawater has become one of the most 

important commercial processes to provide fresh water for 

many communities and industrial sectors which play a 

crucial role in socioeconomic development in a number of 

developing countries. 

II. OVERVIEW OF DESALINATION PROCESSES 

 Desalination technologies are divided into three major 

groups, namely: (i) thermally activated systems in which 

evaporation and condensation are the main processes used to 

separate salts from water, (ii) pressure-activated systems 

where a pressure is applied on the salty water that forces it 

through a membrane, leaving salts behind and (iii) 

chemically-activated desalination methods. Thermally 

activated systems include: multi-stage flash distillation 

(MSF), multiple-effect distillation (MED), vapor 

compression distillation (MVC), humidification - 

dehumidification desalination (HDH), solar distillation (SD) 

and freezing (Frz). In these systems, heat transfer is used 

either to boil or freeze the seawater orbrackish water to 

convert it to vapor or ice so the salts are separated from the 

water. Pressure- activated systems use permeable 

membranes to create two zones where water can pass 

through leaving salt behind. 

These technologies consist of reverse osmosis 

(RO), forward osmosis (FO), electro-dyalysis (ED) and 

Nano filtration (NF). Chemically-activated desalination 

systems include ion-exchange desalination (I.Ex),liquid–

liquid extraction (LLE) and gas hydrate (G.Hyd) or other 

precipitation schemes [1, 2]. Recently, adsorption 

technology (Ads) has been investigated for desalination 

application. In this technology an adsorbent material with 

high affinity to water like silica gel can be used to separate 

the water from the salts [1]. Figure 1 shows flow chart of the 

various desalination technologies [1, 2]. This work aims to 

critically assess the performance of all available desalination 

systems in terms of energy required, cost, quality of feed 

and produced fresh water and environmental impact. 
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Fig. 1: Classification of desalination technologies 

A. Membrane processes 

Synthetic membranes were first introduced in separation 

processes in the 1960s, but they began to play an 

increasingly crucial role in water desalination in the 1980s. 

Originally, membrane applications were limited to 

municipal water treatment such as microfiltration and 

desalination but, with the development of new membrane 

types, uses have expanded to cover not only the water 

industry but also high return processes such as chemical 

separations, enzyme concentration and beverage 

purification. This technology uses a relatively permeable 

membrane to move either water or salt to induce two zones 

of differing concentrations to produce fresh water. These 

processes are also useful in municipal water treatment; RO 

and electro dialysis (ED) are replacing phase change 

desalting technologies for supplying water to coastal and 

island communities all over the world. RO, in particular, is 

becoming an economical alternative to the traditional water 

softening processes. Membrane technology includes several 

processes, but the principal difference between them lies in 

the size of the entities, ions, molecules and suspended 

particles that are retained or allowed to pass through the 

membranes. Typical separation processes are nano-filtration, 

ultra-filtration, and microfiltration and filtration used in the 

pre-treatment stages of desalination to remove large 

particles, bacteria, ions and for water softening.  

This section looks at the following process 

 Reverse osmosis, 

 Electrodialysis, 

 Membrane distillation (MD). 

1) Reverse osmosis 

The RO process is relatively new in comparison to other 

technologies and was introduced as a successful 

commercialized technology in water desalination in the 

early 1970s. RO is a membrane separation process in which 

the water from a pressurized saline solution is separated 

from the solutes (the dissolved material) by flowing through 

a membrane without the need for heating or phase change. 

The major energy required is for pressurizing the feed water. 

It can also be described as a process of forcing a solvent 

from a region of high solute concentration through a 

membrane to a region of low solute concentration by 

applying a pressure in excess of the osmotic pressure. Thus, 

water flows in the reverse direction to the natural flow 

across the membrane, leaving the dissolved salts behind 

with an increase in salt concentration. A typical large saline 

water RO plant consists of five major components, a saline 

water supply system, a feed water pretreatment system, 

high-pressure pumping, RO modules (membrane separation) 

and post-treatment system. Seawater supply system. An 

open intake channel supplies the plant with raw seawater 

which is pumped through trash racks and travelling screens 

to remove debris.  

a) Pre-treatment 

 Pre-treatment is very important in the RO process because 

it protects membrane surfaces from fouling and also 

provides protection to the high-pressure pumps and the RO 

section of the plant. The nature of the pre-treatment depends 

largely on the feed water characteristics, the membrane type 

and configuration, the recovery ratio and the required 

product water quality. In this stage, the seawater is treated 

against debris, particles and suspended solids by a 

multimedia gravity filter that removes particles larger than 

10 mm. The water is biologically disinfected by injecting 

chemicals like sodium hypochlorite to remove algae and 

bacteria and to prevent microorganism growth. Also added 

are ferric chloride as a flocculant and sulphuric acid to 

adjust pH and control scale formation. 

 
Fig. 2: Basic process of a reverse osmosis 

b) High-pressure pumping. 

 The high-pressure pump supplies the appropriate pressure 

needed to enable the water to pass through the membrane 

where the semi-permeable membrane restricts the passage of 

dissolved salts while permitting water to pass through. Then, 

the concentrated brine water is discharged into the sea. This 

pressure ranges from 15 to 25 bar for brackish water and 

from 54 to 80 bar for sea water. 

c) RO modules (membrane separation). 

Membranes are the critical component of a reverse osmosis 

system. For effective operation, the membrane material must 

be highly permeable to water, highly impermeable to 
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solutes, and able to withstand high feed water pressures. 

Water recovery should be high to minimize both feed 

pumping costsand brine disposal costs. Membranes are a 

significant fraction of the capital costs of a reverse osmosis 

system and to be economical, the water flux rate must be 

large enough to produce a reasonable volume of product 

water per unit time (Lonsdale and Podall 1912).  High flux 

rate requirements demand thin membrane walls. For long 

life, the membranesmust be resistant to physical, chemical, 

and biological attack and to pH and temperature extremes 

(Kellar 1979).Finally, because pressure vessel costs are also 

high, the membranes should be capable of being cast into 

shapes with high packing densities, i.e., high membrane 

surface area to pressure vessel volume ratios (Lonsdale and 

Podall1972). Unfortunately these requirements are often 

incompatible as one would expect and tradeoffs are 

inevitablymade in the production and use of commercial 

membranes.The relative stability of four reverse osmosis 

membrane materials subjected to various operating 

conditions was investigated by Spatz and Friedlander 

(1978). The stability of membranes to low pH was in the 

order ofpolyfuran> cellulose acetate >polyethyleneimine> 

polyamide, while membrane resistance to high pH feed 

water solutions was in the order of polyamide 

>polyethyleneimine>polyfuran>cellulose acetate. 

The stability of the membranes to oxidation by 

chlorine was in the order of cellulose acetate 

>polyetheleneimine>polyamide >polyfuran. 

d) Nano Filtration 

For the high-performance reverse osmosis (RO) Nano 

composite membrane using with multi-walled carbon 

nanotubes (MWCNTs) and fully aromatic polyamide 

(PA)The membrane was successfully prepared by interfacial 

polymerization in a simple process. The effect of the 

MWCNTs on the chlorine resistance, antifouling and 

desalination performances of the Nanocomposite 

membranes was studied, and the results indicated that a 

suitable amount of MWCNTs in PA, i.e., 15.5wt%, not only 

improved the membrane performance in terms of permeate 

flow and antifouling, but also improved the chlorine 

resistance of these membranes. It was also reported that the 

incorporation of0.1wt% of MWCNTs to PA also improved 

the antifouling. We also demonstrated efficient antifouling 

and low protein adhesion of MWCNT/PA membranes by 

combining experimental and theoretical studies. 

e) Post-treatment.  

The post-treatment generally stabilizes the water and might 

include pH adjustment by adding lime to meet the potable 

water specifications, and the removal of dissolved gases 

such as hydrogen sulphide and carbon dioxide 

2) Electrodialysis 

ED is an electrochemical separation process that employs 

electrically charged ion exchange membranes with an 

electrical potential difference as a driving force. It depends 

on the fact that most salts dissolved in water are ionic, being 

either positively (cationic) or negatively (anionic) charged 

and they migrate towards electrodes with an opposite 

electric charge. Membranes can be constructed to permit the 

selective passage of either cations or anions. A schematic 

diagram of the process. 

3) Membrane distillation 

This technology is a thermally driven, membrane-based 

process combines the use of distillation and membranes and 

is, essentially, an evaporation process. It takes advantage of 

the temperature difference between a supply solution, 

coming in contact with the surface, on one side, of the 

readily selected micro-porous membrane, and the space, on 

the other side of the membrane. This temperature difference 

results in a vapour pressure difference, leading to the 

transfer of the produced vapour, through the membrane, to 

the condensation surface. The overall process is based on 

the use of hydrophobic membranes, permeable by vapour 

only, thus excluding transition of liquid phase and potential 

dissolved particles. After the vapour passes through the 

membrane, it is condensed on a cooler surface to produce 

fresh water. In the liquid form, the fresh water cannot pass 

back through the membrane, so it is collected as the fresh 

water product. 

B. Thermal desalination processes 

Thermal desalination, often called distillation, is one of the 

most ancient ways of treating seawater and brackish water to 

convert them into potable water. It is based on the principles 

of boiling or evaporation and condensation. Water is heated 

until it reaches the evaporation state. The salt is left behind 

while the vapour is condensed to produce fresh water. The 

most common thermal desalination processes are: 

 multi-stage flash distillation (MSF),  

 Multiple-effect distillation (MED),  

 vapor-compression evaporation (VC), 

 cogeneration,  

 Solar water desalination. 

1) Multi-stage flash distillation 

In the MSF processfeed water (saline water) is heated in a 

vessel called the brine heater until it reaches a temperature 

below the saturation boiling temperature. The heated 

seawater flows through a series of vessels, in sequence, 

where the lower ambient pressure causes the water to boil 

rapidly and vaporize. This sudden introduction of heated 

water into the reduced-pressure chamber is referred to as the 

‘flashing effect’ [15] because the water almost flashes into 

steam. 

An MSF unit that used a series of stages set at 

increasingly lower atmospheric pressures was developed so 

that the feed water which was passed from one stage to 

another was boiled repeatedly without adding more heat. 

Typically, an MSF plant contains between 15 and 25 stages. 

Distillation processes produce 50% of the worldwide 

desalination capacity, and 84% of this is produced by MSF 

technology. Most MSF plants have been built in the Middle 

East, where energy resources have been plentiful and 

inexpensive. 

2) Multi-effect distillation 

The MED process, like MSF, takes place in a series of 

vessels or evaporators called effects, and it also uses the 

principle of evaporation and condensation by reducing the 

ambient pressure in the various effects. This process permits 

the seawater feed to undergo multiple boiling without 

supplying additional heat after the first effect. The seawater 

enters the first effect and is raised to the boiling point after 

being preheated in tubes. The seawater is sprayed onto the 
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surface of the evaporator tubes to promote rapid 

evaporation. The evaporator tubes are heated by externally 

supplied steam, normally from a dual-purpose power plant. 

The steam is condensed on the opposite side of the tubes, 

and the steam condensate is recycled to the power plant for 

its boiler feed water. 

The process of evaporation and condensation is repeated 

from effect to effect, each at a successively lower pressure 

and temperature. This continues for, typically, 4–21 effects 

and a performance ratio between 10 and 18 is found in large 

plants. 

3) Vapour-compression evaporation 

The vapour compression distillation process is used in 

combination with other process like MED and single-effect 

vapour compression. In this process, the heat for 

evaporating the seawater comes from the compression of 

vapour. VC plants take advantage of the principle of 

reducing the boiling point temperature by reducing the 

pressure. Two devices, a mechanical compressor 

(mechanical vapour compression) and a steam jet (thermal 

vapour compression), are used to condense the water vapour 

to produce sufficient heat to evaporate incoming seawater. 

4) Humidification and Dehumidification distillation 

The humidification–dehumidification process (HDH) is a 

versatile technique that can be adapted for water 

desalination. This method has several advantages such as 

flexibility in capacity, moderate installation and operating 

costs, simplicity, possibility of using low temperature and 

the use of renewable energy (e.g. solar, geothermal, 

recovered energy or cogeneration). One of the most 

promising HDH processes is the Seawater Greenhouse 

(SWGH).  

The SWGH is a desalination process using air 

humidification and dehumidification (HDH). Like all the 

HDH desalination processes, the moist air is used as a mean 

transporting the vapor from the humidifier (evaporator) to 

the dehumidifier (condenser).   

For the design and model of SWGH system 

required estimations of the air-water vapor mixture 

properties that are the basis for heat and mass balances. It is 

widely used to illustrate and analyze the change in 

properties and the thermal characteristics of the air -HDH 

process and cycle.   

5) Solar distillation 

Solar energy can be used to convert saline water into fresh 

water with simple, low cost and economical technology and 

thus it is suitable for small communities, rural areas and 

areas where the income level is very low [53]. Recent 

developments have demonstrated that solarpowered 

desalination processes are better than the alternatives, 

including ED, RO and freezing, for fresh water provision in 

remote rural areas [54]. Solar-powered desalination 

processes are generally divided into two categories, direct 

and indirect systems. 

a) Direct systems. 

 The direct systems are those where the heat gaining and 

desalination processes take place naturally in thesame 

device. The basin solar still represents its simplest 

application, the still working as a trap for solar radiation that 

passes through a transparent cover. 

b) Indirect systems.  

In these systems, the plant is separated into two subsystems, 

a solar collector and a desalination unit. The solar collector 

can be a flat plate, evacuated tube or solar concentrator and 

it can be coupled with any of the distillation unit types 

which can be used for the evaporation and condensation. 

C. Chemical Desalination 

The ion exchange technologies for water treatment are often 

used for water softening among other applications. The ion-

exchange system can best be described as the interchange of 

ions between a solid phase and a liquid phase surrounding 

the solid. Chemical resins (solid phase) are designed to 

exchange their ions with liquid phase (feedwater) ions, 

which purify the water.  Resins can be made using naturally-

occurring inorganic materials (such as zeolites) or synthetic 

materials. Modern ionexchange materials are prepared from 

synthetic polymers tailored for different applications.  

Ionexchange technologies applied to desalination are rather 

complex. For details, readers can explore available 

publications (Arden 1997, Sengupta 1995). Briefly, 

saltwater (feedwater) is passed over resin beads where salt 

ions from the saltwater are replaced for other ions. The 

process removes Na+ and Clions from feedwater, thus 

producing potable water. Ion exchange can be used in 

combination with reverse osmosis processes such as 

blending watertreated by ion exchange with RO product 

water to increase water production. 

1) Gas Hydrates Desalination 

Gas hydrates are crystalline solids made of the water (host) 

and the gas molecules (guest) such as methane, carbon 

dioxide, nitrogen, etc., which are held within water cavities 

that are composed of hydrogen-bonded water molecules. 

The gas hydrate as a technology has been successful for 

several potential applications in various engineering fields, 

such as, gas separation, carbon dioxide sequestration, gas 

storage and transportation, energy source, refrigeration and 

not the least, in the desalination of salt water. The 

desalination process is based on the phase change of liquid 

to solid thereby removing the solids from the liquid phase. 

The desalination process using gas hydrate technology is 

based on the phase change process, wherein, the liquid water 

is transformed into solid hydrate by separating the dissolved 

solids from the liquid phase. The desalination process using 

hydrate technology need hydrate former such as gas to be 

mixed with the salted water, which is then followed by 

separation using hydrate formation.  

2) liquid–liquid extraction (LLE) 

Liquid–liquid extraction (LLE) is a sustainable desalination 

method that uses waste heat. This method is called the Puraq 

method and can produce fresh water by solvent extraction 

with a specially tailored liquid polymer solvent. These 

specially tailored polymers can pass from regions of 

complete miscibility into two phase separation when mixed 

with water. The Puraq process has two unique advantages 

over MF and RO because no membrane is necessary for the 

process and the temperature range is between 30 OC and 

60OC. This makes the Puraq process a highly competitive 

process that is worthwhile being investigated. 
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D.  Adsorption  

Adsorption-based desalination (AD) is attracting increasing 

attention because of its ability to use low-grade thermal 

energy to co-generate fresh water and cooling.Adsorption 

Desalination (AD) system, which is an emerging process of 

thermal desalination cum refrigeration capable of utilizing 

low grade heat easily obtainable from even non-

concentrating type solar collectors. The system employs a 

combination of flash evaporation and thermal compression 

to generate cooling and desalinated water. 

A silica gel-water adsorption desalination (AD) 

system running on low grade thermal energy (<120˚C) is 

one such solution which consumes minimum electricity as it 

replaces the energy intensive mechanical compression 

process with thermal compression predominantly requiring 

heat as input. This is particularly advantageous for a solar 

based heat input system as the low grade thermal energy 

may be easily obtained using non-concentrating type 

collectors, thus reducing capital cost. Further, due to the 

lack of moving parts during compression and absence of 

costly membranes for desalination, the system maintenance 

is also inexpensive. The AD system can also generate 

cooling, thus potentially tackling the dual demands of 

desalination and cooling, beneficial for regions experiencing 

hot climate. Ng. et al. [1, 2] have compared various 

refrigeration and desalination systems and have reported that 

silica gel-water AD systems as one of the most cost 

effective and environment friendly solution for desalination 

and refrigeration.  

III. CONCLUSIONS   

Desalination technology is increasingly becoming important 

to meet the increasing worldwide water demand. This paper 

reviews a number of thermal and membrane water 

desalination processes developed during recent decades. In 

recent years, there have been considerable developments in 

membrane desalination processes, especially in terms of the 

design of membrane module, energy recovery and pre-

treatment methods which have made it cost competitive with 

thermal processes. The use of renewable energies for 

desalination becomes a reasonable and technically mature 

alternative to the emerging and stressing energy situation 

and a sustainable solution for water scarcity. Currently, 

coupling desalination plants with clean environment-

friendly energy resources is a pressing issue due to the 

dramatic increase in fossil fuel prices and the harmful 

impacts of burning fossil fuels, such as environmental 

pollution and climate change. The most mature technologies 

of renewable energy application in desalination is direct and 

indirect solar distillation. The connection of RO membrane 

technology would be considered the most cost-competitive 

solar desalination technologies approaching conventional 

desalination water costs. 

Collective research and development programmes 

involving all the stakeholders—governments, industries, 

universities and research institutions—are required to 

improve and develop seawater desalination technologies to 

make them affordable worldwide, and especially in 

countries lacking conventional forms of energy and 

suffering shortages of water. Accordingly, various water 

desalination systems require extensive research and analysis 

for evaluating their potentials of development, applications 

and performance. 
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