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Abstract 

 
In this paper, a brief description of the major desalination processes currently in practice in different parts of the 

world has been presented. Although Multi-Effect Distillation (MED) was one of the first desalination processes, 

initially it went through some operational difficulties, which led to a decline of its use once Multi-Stage Flash 

(MSF) distillation was invented. MED is considered energy efficient but this was not the main concern, as the 

countries making use of MSF had their own sources of energy supply. MSF played a very strong role during the last 

fiftyyears in the conversion of seawater to fresh water. Recently, Reverse Osmosis (RO) method has been showing a 

great potential, and further developments of new membrane materials and pre-treatment processes are likely to 

reduce the cost of water production dramatically. With the increase of fuel prices, the energy cost has become 

important and MED has reappeared on the scene. The production cost of water from MED process is found less 

than MSF in certain cases. Cogeneration, water and power, and hybrid system are likely to be the future direction. 
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1. Introduction 
For the survival of mankind, water is considered one of the most important substances. Nature has provided earth 

with a large body of water; about 75% of the earth surface is covered with water. About 97% of the water available 

on earth is in the ocean and approximately 2% in glaciers and ice caps. Without adequate treatment, water in the 

ocean is not ready for human consumption. Nature provides cycle where enough supply of fresh water exists to 

meet the requirements of mankind. The distribution of fresh water is not uniform. There is a shortage of water in 

many parts of the world. This may be attributed to the growth of population, increased industrial activities, shortage 

of land areas and nature of climatic conditions. 
 

All around the world, the demand for steady supply of fresh water will continue to grow and, very often, it does not 

match the supply. Hence, a sound water resources management and development will remain a constant challenge. 

In countries with a limited supply of fresh water, water management policy must be an integral part of national 

economic policy. Of the various solutions to fresh water problem, the conservation, purification and reuse, and 

identification of new resources should receive considerable attention [1]. 
 

The concept of desalination for the production of fresh water is not new, and this method of obtaining fresh water 

was used on board ships in the year, as early as, 1700 [2] to provide drinking water. The system was based on 

thermal distillation process making use of submerged tube design. Slowly land based desalination units begun to 

grow and the first one was built in Aden more than 100 years ago. Many small distillation plants, less than 0.5 mgd 

(million gallons per day), were installed in the Middle East in the early part of 1930 [3-4].  

  

The technology has grown up steadily, and current desalination systems have massive capacities; some even 

designed to supply water for an entire state. For example, the Al Jubail II Complex in Saudi Arabia produces close 

to a million cubic metres (207.9 mgd) of fresh water per day.  
 

There are several ways of classifying the desalination methods that have been employed over the years. These are as 

follows: 

i) processes where seawater undergoes a phase change i.e. distillation, freezing;  

ii) processes without phase change i.e. membrane method. 

 

The distillation method is normally energy intensive and requires supply of thermal energy at temperature less than 

120oC. The waste heat from industrial processes and power plant may be used for distillation. Three methods, MSF, 

MED and vapour compression (VC), found wider applications in the Gulf States [2]. MSF has been widely used in 
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the Middle East for large-scale conversion of seawater to fresh water. In recent years, significant developments are 

taking place in MED and beginning to compete with MSF. MED is considered thermodynamically more efficient 

than MSF but it could not compete with MSF for a long time due to some operational difficulties. Also, its 

maximum unit capacity is limited compared with MSF.  
 

The membrane method, on the other hand, does not require thermal energy but, normally, operates at high pressure 

[3-4]. Reverse Osmosis (RO) type of desalination, which was introduced in the Middle East about three decades 

ago, could not compete with MSF due to the quality of seawater, which required adoption of complex pre-

treatments methods. Ever since, there have been considerable improvements in pre-treatment methods and 

membrane materials, and this method is likely to be competitive for any size of the plant. This method is considered 

efficient and, particularly, suitable for countries with limited land area.  Several other methods are available for the 

conversion of seawater to fresh water such as electrodialysis, crystallization etc . 

  

In this paper, MSF, MED and RO methods of desalination will be considered in a greater detail and their role in the 

development of large scale desalination plants will be discussed. 
 

2. Methods of Desalination 
There are several ways seawater [4-6] can be converted to fresh water. Actual nature would depend on the 

desalination method used. The process includes the following steps, as shown in Figure 1. 

  

Figure 1. Schematic diagram of a desalination process [3]. 

The nature of pretreatment would depend on the type of nature intake system and the level of pollution around it. 

Seawater drawn from the ocean is cleaner and requires less pre-treatment.Pre-treatment of raw feed water is 

necessary to preserve the life and reliability of the desalination equipment [7].As mentioned earlier, there are a 

number of methods available for the conversion of seawater to fresh water. Irrespective of the method of conversion 

process, the product water should have a total dissolved solid (TDS) content of less than 500 ppm [5-6], as shown in 

Table 1. 

Table 1. Typical constituents of seawater and potable water [5-6] 

 

 

Most widely used desalination processes areMulti-stage Flash(MSF),Multiple-effect Distillation(MED) and Reverse 

Osmosis(RO), as shown in Figure 2. 
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Figure 2.Contribution of different desalination processes[4] 

2.1 Distillation method 

This method includes two approaches: flash distillation or membrane distillation.  Flash Distillation method may 

include Multi-stage Flash (MSF) or Multi-effect  Distillation(MED). 

2.1.1 MSF System 
In MSF method, the saline water is heated to a higher temperature and passed through a series of chambers at 

decreasing pressure, as shown in Fig.3 

   

Figure 3. The MSF desalination process [4] 

A brine heater heats up the sea water using low pressure steam available from cogeneration power plant [7], such 

as, a gas turbine with a heat recovery steam generator or from a steam turbine power plant. Then the seawater is fed 

on the tube side of the heat exchanger that is located on the upper portion of evaporator. Thus, the seawater heated 

by the condensing steam enters the evaporator flash chambers.Normally, there are multiple evaporators, typically 

containing 19–28 stages in modern large MSF plants. The top brine temperature (TBT) range is usually within 90 to 

120oC. To accelerate flashing in each stage, the pressure is maintained at a lower value than that in the previous 

stage. 

2.1.2 MED System 
The multi-effect distillation (MED) process is considered the oldest but a very efficient desalination method. In  

MED, the seawater undergoes boiling in multiple stages without supplying additional heat after the first effect. The  

evaporators are arranged either (a) horizontally [horizontal tube evaporator (HTE) with evaporated seawater  

sprayed outside the tube while the heating steam is condensed inside the tubes] or (b) vertically [ long vertical tube  

evaporators (VTE) with boiling seawater falling film inside the tube while the heating steam is condensed outside  

the tubes] [6]. Figure 4 shows the schematic of an MED process. The MED specific power consumption is below  
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1.8 kWh/m3 of distillate, significantly lower than that of  MSF, which is typically 4 kWh/m3.  

 

 

 

 

2.13 Reverse Osmosis (RO) 
In the previous section, MSF, a distillation process involving extensive use of thermal energy has been discussed. 

RO, on the other hand, makes use of membranes, as shown in Figure 5, and it was developed in direct competition 

with distillation process. It's popularity lies in the fact that it requires no thermal energy and the plant is usually 

compact. For small countries, application of RO technology is likely to find greater appeal compared to other 

processes. 
 

In the desalination of seawater using a selective membrane, one side of the membrane holds concentrated brine 

while the other contains nearly pure water. By applying a pressure on the concentrated brine, the pure water is 

prevented from permeating back into the brine side by osmosis. The pressure applied is higher than the osmotic 

potential, the difference in osmotic pressure across the membrane, and this results in not only preventing pure water 

permeating into brine solution but enables permeation of water out of  the solution - the principle of reverse 

osmosis. 
 

A basic RO plant includes a high pressure pump (HPP), the membrane module, and an energy recovery turbine 

(ERT). The function of the ERT is to extract hydraulic energy from the waste brine before it is discharged. The 

schematic diagram of a basic plant is shown in Figure 5. 
 

Currently, different types of RO membranes are available [8] e.g. cellulose acetate, aromatic polyamide etc.  These 

membranes typically consists of a relatively non-porous, dense surface layer approximately 0.1 -1.0 microns thick 

supported by a highly porous sponge-like substructure, which forms the bulk of the membrane. The cellulose 

acetate membrane was one of the first generation used for desalination. The aromatic polyamide membranes, 

commercially known as B9 and B10 permeators, are a relatively recent development by DuPont. A new generation 

of membranes have also been introduced recently, which utilize a wide variety of  polymers. These composite 

membranes can operate over a wide range of pH and at temperatures of upto 50oC. Some of the recent membranes 

are capable of separating 99%salt in a single stage. Recent membranes, spiral wound and hollow-fine fibre 

permeators, have shown better durability, larger flux and excellent separation performance. 
 

In the desalination of seawater using RO,  the HPP is used to increase the feed pressure to 50 - 70 atm. The reject 

brine from the RO membranes usually have a flow rate of 50% -70% of the feed flow and pressure of about 5 - 10 

atm lower than the feed pressure. It contains a large amount of hydraulicenergy, which can be recovered using 

Pelton wheel impulse turbine, reverse running centrifugal pumps or direct drive turbine generators 
 

The fouling of membranes is considered one of the difficulties to be overcome before it finds wider applications and 

further reduction in cost of desalinated water. Extensive research activities are underway to develop a pre-treatment 

method, such as ultrafiltration and microfiltration before the seawater feed is delivered to the RO permeators. 

Further development in membrane materials and pre-treatment methods will lead to a RO system, which is expected 

to be very much cheaper than what we have today. 

Figure 4. Multi-effect Desalination system 

 

P1>P2>P3 
sea-water 

Boiler 
P1 
T1 

Steam 

Condensate 

Brine 

P2 
T2 

P3 
T3 

Reject 
Seawater 

Reject Brine 

Distillate 

Figure 3: Basic Multi-effect Distillation Process  

To Vacuum System 

Reject Seawater 



International Conference on Mechanical, Industrial and Materials Engineering 2015 (ICMIME2015) 

11-13 December, 2015, RUET, Rajshahi, Bangladesh 

033 | P a g e  
 

 

3. Comparison of Desalination Processes 
The comparison of different desalination methods can be made in two ways [6]: performance of the system and cost 

comparison. While evaluating the performance of desalination systems, the following factors should be considered: 

 

 i) ease of operation/ star-up/ shut-down; 

i) complexity of process; and  

ii) maintenance requirements. 

 

 
 

Although there are significant differences in the degree of operational difficulties among the processes, the start-up 

time vary considerably among these processes. Generally, the RO plants show short start-up time, 0.5 - 1 hour, 

while MSF and MED plants have longer start-up time, 2 - 4 hours. The complexity of desalination processes 

depends on the controls, alarms, pumps and other auxiliary systems and skills of operating personnel. In this 

respect, the RO plants are considered least complex. As far as maintenance is concerned, RO plants require as much 

maintenance as other desalination processes.  
 

While comparing the costs, the performance ratio, energy requirement, top brine temperature have also been 

considered [1,6,8-10]. Table 2 shows the investment cost, PR and energy requirements of the three processes 

considered in this study. 
 

Table 2. Investment costs and performance comparison of different desalination processes 

 

 

 

 

 

 

 

 

 

 

 

             *  year 2000 figure 

 

4. Closure 
Three methods of desalination have been receiving considerable attention in recent years. Of the two distillation 

methods, MSF is extensively used in many parts of the world, including Middle East countries. This process is 

energy intensive and, with the increase in fossil fuel price, search for alternative method went on. There has been 

renewed interest in MED and it may offer an alternative to MSF. RO method of desalination is likely to make 

greatest impact with the development of new materials and pre-treatment processes. Cogeneration: power and 

water, and hybrid system, a combination of MSF and RO or MED and RO,  are likely to be the solution of water 

shortage problem 

 

 

 

Process MSF MED RO 

Specific investment cost 

($/m3/day)* 

 

1100 - 1600 
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PR(kg water/ 2326 kJ) 

 

6 - 40 
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Figure 4: Schematic Presentation Of a Reverse Osmosis Desalination PlantFigure 5. Reverse Osmosis (RO) system 
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