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ABSTRACT 

Desalination, desalinization, desalinisation or desalting refers to any of 

several processes that remove some amount of salt and other minerals 

from saline water. More generally, desalination may also refer to the 

removal of salts and minerals, as in soil desalination. Salt water 

isdesalinated to produce fresh water suitable for human consumption 

or irrigation. One potential byproduct ofdesalination is salt. 

Desalination is used on many seagoing ships and submarines. Most of 

the modern interest in desalination is focused on developing cost-

effective ways of providingfresh water for human use. Along with 

recycled wastewater, this is one of the few rainfall-independent water  

sources. Sea water is a very common substance, covering more than 70 % of the 

Earthsurface. 

 

OBJECTIVE 

Essentially focused on the process of reverse osmosis, Veolia Environnement’s research aims  

to optimize the operation of desalination plants utilizing membrane processes.  

The research is focused on two main aspects: 

■ Pretreatment of the seawater to limit membrane clogging further down in the treatment 

process; 

■ Reducing the energy expenditure to cut the cost of desalination and improve the 

environmental outcomes. 

 

1. INTRODUCTION 

It is reported that 96.5% of the earth’s water is located in seas and oceans, 1.7% in the ice 

caps, 0.8% is considered to be fresh water with the rest being brackish water. Since water 

shortage has been a problem for many communities and humans have been searching for the 

solution for a long time, desalination, turning salty water into fresh 
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water, is not necessarily a new concept. Today the shortage of drinking water is a serious 

world-wide concern due to population growth and the increased demand for drinking water 

that exceeds readily available water resources. Over 1 billion people are without clean 

drinking water and approximately 2.3 billion people (41% of the world population) are living 

in water scarce regions (Greenlee et al, 2009). As a result, people have started to search for 

solutions with water reuse and seawater desalination as the keys for the sustainable growth of 

human activities. Water reuse is basically for the production of water for uses such as 

irrigation, power plant cooling water, industrial process water and ground water recharge. It 

has also been accepted as a method for the MEMBRANE PROCESSES - Vol. II - Recent 

Advances in Membrane Science and Technology in Seawater Desalination – withTechnology 

Development in the Middle East and Singapore - Takeshi Matsuura and Dipak Rana, 

Mohamed Rasool Qtaishat,Gurdev Singh© Ecyclopedia of Desalination and Water 

Resources (DESWARE)production of drinking water in Singapore (Newater). Alternatively, 

desalination hasbecome a primary source of the drinking water production. Current 

desalination technology consists of two methods. One is a thermal desalination method that 

has been developed over the past 60 years, while the other is membrane processes that have 

been developed over the past 40 years.Desalination is a general term for methods to remove 

salt from salty water to producefresh water. Notably, the definition of fresh water depends on 

the country. For example,the US Environmental Protection Agency (EPA) has non-

enforceable standards of 250 mg/L chloride and 500 mg/L total dissolved salts (TDS) for 

fresh water (EPA, 2002).The World Health Organization (WHO) and the Gulf Drinking 

Water standardsrecommended a drinking water standard of 1000 mg/L TDS (Fritzmann et al, 

2007). Incomparison to the government standards, most desalination facilities are designed to 

achieve a TDS of 500 mg/L or less (Greenlee et al, 2009).When the desalinated water is used 

for other purposes, e.g. crop irrigation, the TDSconcentration may be higher. The feed water 

salinity for desalination facilities ranges from 1000 mg/L to 60,000 mg/L. Most of the 

seawater resources contain 30,000 to45,000 mg/L TDS, while the brackish water within a 

range of 1,000 to 10,000 mg/L is treated by Reverse Osmosis (RO) (Greenlee et al, 2009). As 

mentioned above,desalination processes fall into the following two categories, i.e. thermal 

processes andmembrane processes.The thermal process has been used for many years since 

the prehistoric era but the operation of the large scale distillation plant for drinking water 

production began in1950s (Greenlee et al, 2009). In the beginning a process called multi-

effect distillation (MED) was used but later a process called multi-stage flush (MSF) 
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distillation was developed. The Middle East as a whole holds about 50% of the world 

desalination capacity and primarily uses MSF technology. However, facilities based on the 

membrane process have rapidly been installed since the 1960s and now surpass the thermal 

process in new plant installations. Outside of the Middle East, new RO plant installations 

have been continuing steadily. In 2001, 51% of the new installations were based on RO 

process, while in 2003, RO process accounted for 75% of the new production capacity.RO, 

nanofiltration (NF) and electro-dialysis (ED) are the typical membrane processes available 

for desalination. RO and NF are called pressure-driven membrane processes since the 

transmembrane pressure difference is the driving force for the mass transport,while for ED 

the electrical potential difference is the driving force for the mass (ions) transport. ED is an 

older membrane desalination process than RO and NF. NF is a relatively new membrane 

separation process developed in 1980s. While NF can not desalinate seawater to produce 

drinking water in one step, it can be used successfully to treat the mildly brackish water 

(Greenlee et al, 2009). It is hence desirable to use NF in combination with RO for seawater 

desalination. The most important feature of NF is its capacity to remove divalent ions such as 

calcium and magnesium that contribute to hardness of water. However, RO membrane can 

remove monovalent ions such as sodium and chloride and hence has become the mainstream 

of membrane desalination technology. Salt rejection as high as 99.7 and 99.8%, can be 

achieved by RO MEMBRANE PROCESSES - Vol. II - Recent Advances in Membrane 

Science and Technology in Seawater Desalination – withTechnology Development in the 

Middle East and Singapore - Takeshi Matsuura and Dipak Rana, Mohamed Rasool 

Qtaishat,Gurdev Singh© Ecyclopedia of Desalination and Water Resources (DESWARE) 

(Hydranautics, 2007; Greenlee et al, 2009; Reverberi and Gorenflo, 2007). RO membrane 

technology is also applicable for both seawater and brackish water desalination.As mentioned 

earlier, the first countries that used the desalination process on a large scale for drinking 

water production were in the Middle East. Seawater desalination plants began to be 

developed in the 1950s, and the first industrial desalination plant was opened in Kuwait in 

1960s. The first successful RO plant used brackish water as feed in the late 1960s (Amjad, 

1993). In the following decades, membrane permeability was much improved and RO 

membranes were then applied for seawater desalination (Vander Bruggen and Vandecasteele, 

2002). From the early 1960s to the end of the 1990s, the membrane productivity (flux) and 

salt rejection have much improved as shown in Figure 1. Table 1 also shows similar 

advancement made for the Dow RO membranes.Figure 1. Progress in membrane 

performance during the past forty years.Reverse osmosis conditions: feed NaCl 
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concentration, 1500-3000 ppm; operating pressure, 0.5-3.0 MPa; temperature, 25◦C; pH, 6.5. 

I, II, III and IV are fully aromatic polyamide TFC membranes (adapted from Kurihara and 

Fusaoka, 1999). 

 

Year Production capacity (gpd) Salt rejection (%) 

Brackish water 

1990        8,000 98 

1998        10,000 99.2 

2007        11,000 99.8 

Seawater 

1990        4,000 99.4 

1998        5,500 99.5 

2007        7,500-8,000 99.8 

 

Advances in Dow RO membrane 

From 1996 to 2007 the rejection of typical seawater desalination membrane increased from 

99.6 to 99.8% and the flux increases from 43 to 69 L/m2 day bar (Mickols et al, 2005). As of 

2009, over 15,000 desalination plants were in operation world-wide, and approximately 50% 

of those are RO plants. A new recent trend is to construct large seawater desalination plants 

with a production capacity of 100,000 m3/day or more (Greenlee et al, 2009).Saudi Arabia is 

currently the world leader in desalination with approximately 26% of global production 

capacity, followed by the United States (17%). In Saudi Arabia most of the desalination 

plants are based on the thermal process (newly constructed plants are different) and the 

source water is seawater. In contrast, in the United States 69% of the desalination plants are 

based on RO and only 7% is seawater desalination plants. While only 20% of the total 

number of the desalination plants world-wide use thermal process, 50% of the total 

production capacity is based on the thermal processes. Israel has opened the world’s largest 

seawater RO desalination plant with a production capacity of 330,000 m3/day, or 100 million 

m3/year. The United Arab Emirates (UAE) opened its Fujairah desalination plant in 2005 

with a combined MSF and RO production capacity of 454,000 m3/day. 
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Membrane Processes for Desalination: Overview 

Reverse Osmosis History 

As mentioned, RO is currently dominant in membrane separation processes for desalination. 

Interestingly, the early development of RO membrane for seawater desalination began with 

the following fundamental equation called the Gibbs Adsorption Isotherm (Sourirajan, 1970). 

 

NaCl concentration in molality (mol kg-1) Pure water layer thickness (nm) 

0 0.56 

0.747 0.38 

1.603 0.34 

2.435 0.24 

 

Asymmetric Structure of the Membrane 

Most of membranes that are used in industrial separation processes have an asymmetric 

structure and so are called asymmetric membranes. Figure 3 shows schematically a typical 

cross-sectional view of an asymmetric membrane (Matsuura, 1994). As shown in the figure, 

an asymmetric membrane consists of two layers; i.e. one very thin dense layer at the top of 

the membrane and a porous sublayer underneath the top dense layer (also called top skin 

layer). While the top dense layer governs the permeation properties of the membrane, the 

porous sub-layer only provides the membrane with mechanical strength. When the material 

of the top skin layer and the porous sublayer are the same, the membrane is called integrally 

skinned asymmetric membrane. This type of membrane is made by the dry-wet phase 

inversion technique. When the polymer for the top skin layer is different from the polymer 

for the porous sub-layer, the membrane is called composite membrane. The advantage of the 

composite membrane over the integrally skinned asymmetric membrane is that the material 

for the top skin layer and for the porous sublayer can be chosen separately to optimize the 

overall performance. This type of membrane is made by coating a thin layer on top of the 

surface of a porous substrate. Various coating techniques are available but the interfacial in-

situ polymerization method has been proven to be commercially most successful.Figure 3. 

Asymmetric structure of the membrane. 

 

Phase Inversion Technique-Preparation of Integrally Skinned Asymmetric 

Membranes 

Phase inversion is a process in which a polymer is transformed from a liquid to a solid state. 

There are a number of methods to achieve phase inversion. Among others, the dry-wet phase 
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inversion technique and the temperature induced phase separation (TIPS) are most commonly 

used in the industrial membrane manufacturing. The dry-wet phase inversion technique was 

applied by Loeb and Sourirajan in their development of the first CA membrane for seawater 

desalination (Loeb and Sourirajan, 1961, 1963, 1964). Therefore, this method is often called 

the Loeb-Sourirajan method.  

 

REFERENCES 

1. Abdel-Jawad M, El-Sayed E.E.F, Ebrahim S, Al-Saffar A, Safar M, Tabtabaei M, Al-

Nuwaibit G. (2007). 

2. Fifteen years of R&D program in seawater desalination at KISR, part II. RO system 

performance. Desalination., 204; 403–415. 

3. Abu Tarboush B.J. (2008). Preparation of Thin-Film-Composite Polyamide Membranes 

for Desalination Using Novel Hydrophilic Surface Modifying Macromolecules. M.A.Sc. 

Thesis, Department of Chemicaland Biological Engineering, University of Ottawa: 

Ottawa, Canada. 

4. Abu Qdais H.A, Batayneh F. The role of desalination in bridging the water gap in Jordan. 

Desalination., 2002; 150; 99–106. 

5. Akkad A.A. Conservation in the Arabian Gulf countries. Journal of American Water 

Works, Association., 1990; 82(5): 40–50. 

6. Alcamo J, Flo_rke M, Ma_rker, M. Future long-term changes in global water resources 

driven by socio-economic and climatic changes. Hydrological Sciences Journal., 2007; 

52: 247–275. 

7. A1-Sahlawi M.A. Seawater desalination in Saudi Arabia: Economic review and demand 

projections. Desalination., 1999; 123: 143–147. 

8. Al Sajwani T.M.A. The desalination plants of Oman: past, present and future. 

Desalination., 1998; 120: 53–59. 

9. Amjad Z. (1993). Reverse osmosis: Membrane technology, water chemistry and 

industrial applications,Van Nostrand Reinhold: New York, USA. 

10. Antrim B, Liu B, von Gottberg A. World’s largest spiral element – history and 

development. Desalination., 2007; 178: 313–324. 

11. Ashkelon - Ashkelon seawater reverse osmosis (SWRO) plant, Israel. 

http://www.watertechnology. net/projects/israel/ accessed on 15 October 2010. 

 

http://www.watertechnology/


www.wjpr.net                                   Vol 4, Issue 08, 2015.                                            

            

889 

Jyothsna                                                                World Journal of Pharmaceutical Research 

12. Baker R.W. (2004). Membrane technology and applications, John Wiley & Sons: 

Chichester, UK. 

13. Baker R.W, Barss R.P. Composite membrane for reverse osmosis. US Patent., 1988; 4: 

772 391. 

14. Banat F, Jwaied N. Economic evaluation of desalination by small-scale autonomous 

solarpowered membrane distillation units. Desalination., 2008; 220: 566–573. 

15. Borgnia M, Nielsen S, Engel A, Agre P. Cellular and molecular biology of the aquaporin 

water channels. Annual Review of Biochemistry., 1999; 68: 425–458. 

16. Bouguecha S, Dhahbi M. The role of membrane technologies in supplying drinking and 

industrial Dreizin Y, Tenne A, Hoffman D. (2008). Integrating large scale seawater 

desalination plant within Israel’s water supply system. Desalination., 2002; 220: 132–

149. 

17. Ebrahim S.H, Abdel-Jawad M.M, Saffar M. Conventional pretreatment system for the 

Doha reverse osmosis plant: Technical and economic assessment. Desalination., 1995; 

102: 179–187. 

18. Glueckstern P, Priel M, Gelman E, Perlov N. Wastewater desalination in Israel. 

Desalination., 2008; 151–164. 

19. Jeong B.-H, Hoek E.M.V, Yan Y, Subramani A, Huang X, Hurwitz G, Ghosh A.K, Jawor 

A. (2007). 

20. Interfacial polymerization of thin film nanocomposites: A new concept for reverse 

osmosis membranes. Journal of Membrane Science., 294; 1–7. 

21. Johnson D.R, Stutts K.J, Batzel D.A, Hallfrisch V.A, Anschutz J.E. (1994). Method of 

making thin film composite membranes. US Patent., 1994; 5: 368-889. 

22. Kang G, Liu M, Lin B, Cao Y, Yuan Q. A novel method of surface modification on thin-

film composite reverse osmosis membrane by grafting poly(ethylene glycol). Polymer., 

2007; 48: 1165–1170. 

23. Khawaji A.D, Kutubkhanah I.K, Wie J.-M. (2007). A 13.3 MGD seawater RO 

desalination plant for Yanbu industrial city. Desalination., 203; 176–188. 

24. Khulbe K.C, Feng C.Y, Matsuura T. The art of surface modification in synthetic 

polymeric membranes. Journal of Applied Polymer Science., 2010; 115: 855–895. 

25. Kim S.H, Kwak S.-Y, Suzuki T. Positron annihilation spectroscopic evidence to 

demonstrate the flux-enhancement mechanism in morphology-controlled thin-film-

composite (TFC) membrane. Environmental Science Technology., 2005; 39: 1764–1770. 



www.wjpr.net                                   Vol 4, Issue 08, 2015.                                            

            

890 

Jyothsna                                                                World Journal of Pharmaceutical Research 

26. MEMBRANE PROCESSES - Vol. II - Recent Advances in Membrane Science and 

Technology in Seawater Desalination – with Technology Development in the Middle East 

and Singapore - Takeshi Matsuura and Dipak Rana, Mohamed Rasool Qtaishat,Gurdev 

Singh © Ecyclopedia of Desalination and Water Resources (DESWARE) 

27. Kim S.H, Kwak S.-Y, Sohn B, Park T.H. Design of TiO2 nanoparticles self-assembled 

aromatic polyamide thin-film-composite (TFC) membrane as an approach to solve 

biofouling problem. Journal of Membrane Science., 2003; 211: 157–165. 

28. Kim S, Jinschek J.R, Chen H, Sholl D.S, Marand E. Scalable fabrication of carbon 

nanotube/polymer nanocomposite membranes for high flux gas transport. Nano Letters., 

2007; 7: 2806–2811. 

29. Knepper M.A, Nielsen S. (2004). Peter Agre, Nobel Prize winner in chemistry. Journal of 

the American Society Nephrology., 2003; 15: 1093–1095. 

30. Koseoglu H, Kabay N, Yüksel M, Sarp S, Arar Ö, Kitis M. Boron removal from seawater 

using high rejection SWRO membranes – impact of pH, feed concentration, pressure and 

cross-flow velocity. Journal of Membrane Science., 2008; 227: 253–263. 

31. Kranhold K. (2008). Water, water, everywhere.... The Wall Street Journal, January 17. 

32. Kuehne M.A, Song R.Q, Li N.N, Petersen R.J. (2001). Flux enhancement in TFC RO 

membranes. 

33. Mi W, Lin Y.S, Li Y. Vertically aligned carbon nanotube membranes on macroporous 

alumina supports. Journal of Membrane Science., 2007; 304: 1–7. 

34. Mickols, W.E, Busch M, Maeda Y, Tonner J. (2005). A novel design approach for 

seawater plants. IDA World Congress: Singapore. 

35. Mitra S.S, Sharma M.K, Rybar S, Bartels C, Pelegrin L. (2009). Fujairah SWRO-

management of membrane replacement. Desalination and Water Treatment., 2009; 10: 

255–264. 

36. Morgan P.W, Kwolek S.L. Interfacial polycondensation II. Fundamentals of polymer 

formation at liquid interfaces. Journal of Polymer Science, Polymer Chemistry Edition., 

1996; 34: 531–559. 

37. Mukherjee D, Kulkarni A, Gill W.N. Flux enhancement of reverse osmosis membranes 

by chemical surface modification. Journal of Membrane Science., 1994; 97: 231–249. 

38. PUB Singapore (2010). Water for all – meeting our water needs for the next 50 years. 

39. PUB Singapore (2008). http://www.pub.gov.sg/water/Pages/default.aspx accessed on 15 

October 2010. 



www.wjpr.net                                   Vol 4, Issue 08, 2015.                                            

            

891 

Jyothsna                                                                World Journal of Pharmaceutical Research 

40. Qtaishat M.R. (2008). Design of Novel Membranes for Desalination by Direct Contact 

Membrane 

41. Distillation. Ph.D. Thesis, Department of Chemical and Biological Engineering, 

University of Ottawa: Ottawa, Canada. 

42. Rana D, Matsuura T, Narbaitz R.M, Feng C. Development and characterization of novel 

hydrophilic surface modifying macromolecule for polymeric membranes. Journal of 

Membrane Science., 2005; 249: 103–112. 

43. Reverberi F, Gorenflo A. (2007). Three year operational experience of a spiral-wound 

SWRO system with a high fouling potential feed water. Desalination., 207; 203: 100–

106. 

44. Reid C.E, Breton E.J. Water and ion flow across cellulosic membranes. Journal of 

Applied Polymer Science., 1959; 1: 133–143. 

45. Riley R.L, Case P.A, Lloyd A.L, Milstead C.E, Tagami M. Recent developments in thin-

filmcomposite reverse osmosis membrane systems. Desalination., 1981; 36: 207–233. 

46. Rozelle L.T, Cadotte J.E, Cobian K.E, Kopp C.V. Jr. (1977). Nonpolysaccharide 

membranes for reverse osmosis: NS-100 membranes, in Reverse osmosis and synthetic 

membranes, theory-technologyengineering (ed. S. Sourirajan), pp. 249–261, National 

Research Council of Canada: Ottawa, Canada. 

47. Saad M.A. (2004). Membrane desalination for the Arab world: Overview and outlook, 

First forum on water desalination and purification technology: Outlook for the Arab 

world, Marrakesh, Morocco, May 29-30. 

48. Saad M.A. Membrane desalination for the Arab world: Overview and outlook. Arab 

Water World., 2005; 29(1): 10–13. 

49. Sanza M.A, Bonnélyea V, Cremerb G. (2007). Fujairah reverse osmosis plant: 2 years of 

operation. Desalination., 2007; 203: 91–99. 


