


DESALINATION AND THE CONTINUITY OF HUMAN CIVILIZATION  
To support the growing human population, which has already crossed the 6 billion mark and is 
expected to reach 8.3 billion in 2025, and 10 -12 billion in 2050, humanity must rely on industrial 
development within a framework of environmental and socio-economic development. The Dublin 
Principles and also Agenda-21, particularly its Freshwater Chapter, make it clear that water is a key to 
sustainable development. The World Health Organization (WHO) has estimated that 1000 cubic meters 
per person per year is the benchmark level below which chronic water scarcity is considered to impede 
development and harm human health. 97.5% of the total global stock of water is saline and only 2.5% 
is fresh water. Approximately 70% of this global freshwater stock is locked up in polar icecaps and a 
major part of the remaining 30% lies in remote underground aquifers. In effect, only a miniscule 
fraction of freshwater (less than 1% of total freshwater or 0.007% of the total global water stock) that is 
available in rivers, lakes and reservoirs is readily accessible for direct human use. Furthermore, the 
spatial and temporal distribution of the freshwater stocks and flows is hugely uneven. Hydrologists 
estimate the average annual flow of all the world's rivers to be about 41,000 km3/yr. Less than a third 
of this potential resource can be harnessed for human needs. This is further reduced by pollution such 
as discharges from industrial processes, drainage from mines and leaching of the residues of fertilizers 
and pesticides used in agriculture.  
 
Sun is the Source of Renewable Energy and the Oceans are a Major Alternative Source of Water  
Just as the sun is an alternative source of energy to meet future demands, the oceans are an alternative 
water resource. However, extraction of fresh water from the oceans requires significant development of 
desalination infrastructure.  The most arid lands are also those blessed with abundant solar energy and 
this needs to be exploited for large-scale production of freshwater from the oceans. Human engineered 
desalination systems actually mimic the hydrologic cycle, which is itself a grand process of distillation. 
If these systems are driven by the sun, they will augment the fresh water supplies of the global 
hydrologic cycle. The resulting process will add a human engineered sustainable and very controllable, 
contribution to the natural hydrological cycle. .  
 
Desalination and Sustainable Development  
Desalination has already made a major contribution to quality of life in the most arid regions of the 
world, particularly the Arab region and North Africa. Without desalination, many of these regions 
would have remained uninhabited. With rising global demand, uneven distribution of freshwater and 
increasing population, Malthusian apocalypse would have already come true. Desalination technology 
is providing safe drinking water even to some 'water-rich' nations where pollution reduced the quality 
of natural waters. Thus, as a means of augmenting fresh water supplies, desalination contributes 
significantly to global sustainability. The desalination associations and institutions have a pivotal role 
to play here, encouraging the scientific and industrial communities to make efforts to meet world water 
requirements through environmentally sustainable technologies. Investments in this direction are not 
impossible; the annual global expenditures for arms and advertisement are currently about US$1600 
billion (SIPRI 2010) and US$482 billion (ZenithOptimedia) respectively. Just 1% of this over ten years 
would be a prudent diversion of resources enough to provide safe water and decent sanitation facilities 
for all human beings. Let us hope that the entire world rises to meet this requirement of faith in the 
survival of life on earth.  
 
Darwish Al Gobaisi 
Editor-in-Chief  
 
 
 



1. Compendium of Desalination and Water Resources (DESWARE)  

DESWARE is a subset of the Encyclopedia of Water Sciences, Engineering and Technology Resources, which is part of the 
UNESCO Encyclopedia of Life Support Systems (EOLSS). If you are interested in the broad area of Water Sciences, 
Engineering and Technology, please visit http://www.eolss.net 
 
DESWARE meets a long-standing need in the desalination and water resources community for a detailed archival source of 
knowledge. It covers the science, technology, methodologies, experience and management of this diverse and important 
subject. DESWARE is designed to fulfill the needs of a wide spectrum of users seeking reliable information, including 
science and engineering students, university professors and educators, informed specialists and practicing professionals, 
planners and consultants, plant operators and maintenance staff, managers and policy-makers, researchers, etc. The 
compendium is organized in 16 categories dealing with education, training, design, planning, research & development, 
management, operation, and maintenance. Each category contains an organized collection of chapters, graphics and tables, 
all of which is approximately more than 31 printed volumes   
 
The subject matter is presented in various levels that make the compendium accessible to as wide a readership as possible. 
For general interest there are background information, historical development, trends, and regional demands. For the 
specialist there are features on research and development. Non-specialists will benefit from the broad introduction provided 
to all desalination and water resources topics, and will find answers to specific problems.  
 
DESWARE is an integrated compendium of all aspects of the subject of desalination and water resources as shown below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. DESWARE-Online (www.desware.net) 
 
This is the web version of DESWARE which provides the user with an effective and efficient tool to search, navigate and 
browse through each category, through any combination of the sixteen categories, or through the whole Compendium. The 
Compendium can be browsed also through the Table of contents – an alternative route into the body of knowledge. 
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3. DESWARE Subject Categories: 
 

1. History, Development and Management of Water Resources 
2. Common Fundamentals and Unit Operations in Desalination Systems 
3. Physical, Chemical and Biological Aspects of Water 
4. Thermal Desalination Processes 
5. Membrane Processes 
6. Renewable Energy Systems and Desalination 
7. Material Selection and Corrosion 
8. Plant Operation - Maintenance and Management 
9. Ancillary Equipment and Electrical Equipment 
10. Process Instrumentation, Control and Automation 
11. The Desalination Site and Civil Works 
12. Thermal Power Plant and Co-Generation Planning 
13. Water and Wastewater Treatment Technologies 
14. Water and Health 
15. Environmental and Health Aspects of Water Treatment and Supply 
16. Water Quality and Standards 

 
4. Development of the Body of Knowledge of the DESWARE 
 
The contents of the compendium evolved under the guidance provided by the following experts. 
 
5. DESWARE Editorial Board 
 
Editor-in-Chief:  Al-Gobaisi, D. M.K.  
 
Members 
Al Awadhi, A. Ali 
Al Radif, Adil 
Al-Mutaz, I. S. 
Al-Sofi M. 
Andrianne, J. 
Awerbuch, L. 
Balaban, M. 
Beraud-Sudreau, D. 
Birkett, James D. 
Blanco, J.  
Bodendieck, F. 
Borsani , R. 
Bushnak, A. A. 
Capilla, A. V. 
Catanzaro, E. 
Darwish, M. Ali 
Delyannis, E..u E. 
Dempsey J. 
El-Din, S. 
El-Mahgary, Y. 
El-Nashar, A. M. 
El-Sayed, Y. M. 
Finan, M. A. 

Furukawa, D. 
Genthner, K. 
Germana, A. 
Ghiazza, E. 
Glade, H. 
Goto, T. 
Grabow, W. O.K.  
Hammond, R. P. 
Hanbury, W. T. 
Harris, A. 
Harrison, D. 
Hassan, A. M. 
Hodgekiess, T. 
Husain, A. 
Ismat, K. 
Karabelas, A.J. 
Kesou, A. 
Krause, H. P. 
Kubota, S.  
Kumar, A. 
Kurdali, A. 
Laborie, J. 
Leitner, G. F. 

Lennox, F. H. 
Lior, N. 
Ludwig, H. 
Lukin, G. 
Magara, Y.  
Makkawi B. 
Malato, S.  
Mandil , M.A. 
Marquardt, W. 
McArthur,N. 
Meller, F. H. 
Mewes, V. 
Michels, T. 
Miyatake, O. 
Morin, O. J. 
Morris, R. 
Nada, N. 
Ohya, H. 
Peluffo, P. 
Rao, G. P. 
Rautenbach, R. 
Reddy, K. V. 
Saal, D. 

Sadhukhan, H.K. 
Sage, A.P. 
Sarkodie-Gyan, 
Thompson 
Sommariva, . 
Strathmann, H. 
Temperley, T. 
Tleimat B. 
Todd, B. 
Tony F. 
Tusel, G. 
Belessiotis, V. 
Veza, J. M. 
Vigneswaran, S.  
Wade, N. M. 
Wang, S. 
Wangnick, K. 
Woldai A.. 
Watson, I. C. 
Wessling, M. 
Winters, H. 

 
 
 
 
 
 



6. DESWARE e-books and their full color print versions in subject categories:  
 
For the convenience of users’ special interests the DESWARE body of knowledge is being made available in e-book (pdf) 
format with the provision for Print on Demand. The ISBN numbers are respectively eISBN for e-books and ISBN for 
print versions. Forthcoming items are without these numbers. 
 
History, Development and Management of Water Resources (Vols. 1-2) 

eISBN: 978-1-84826-419-9, 978-1-84826-420-5 
ISBN: 978-1-84826-869-2, 978-1-84826-870-8 

Common Fundamentals and Unit Operations in Thermal Desalination Systems (Vols. 1-3) 
eISBN: 978-1-84826-421-2, 978-1-84826-422-9, 978-1-84826-423-6 
ISBN: 978-1-84826-871-5, 978-1-84826-872-2, 978-1-84826-873-9 

Physical, Chemical and Biological Aspects of Water 
eISBN: 978-1-84826-424-3 
ISBN: 978-1-84826-874-6 

Thermal Desalination Processes (Vols. 1-2) 
eISBN: 978-1-84826-425-0, 978-1-84826-426-7 
ISBN: 978-1-84826-875-3, 978-1-84826-876-0 

Membrane Processes (Vols. 1-2) 
eISBN: 978-1-84826-427-4, 978-1-84826-428-1 
ISBN: 978-1-84826-877-7, 978-1-84826-878-4 

Renewable Energy Systems and Desalination (Vols. 1-4) 
eISBN: 978-1-84826-429-8, 978-1-84826-430-4, 978-1-84826-431-1, 978-1-84826-432-8 
ISBN: 978-1-84826-879-1, 978-1-84826-880-7, 978-1-84826-881-4, 978-1-84826-882-1 

Material Selection and Corrosion 
eISBN: 978-1-84826-433-5 
ISBN: 978-1-84826-883-8 

Plant Operation, Maintenance and Management 
eISBN: 978-1-84826-434-2 
ISBN: 978-1-84826-884-5 

Ancillary Equipment and Electrical Equipment 
eISBN: 978-1-84826-435-9 
ISBN: 978-1-84826-885-2 

Process Instrumentation, Control and Automation 
eISBN: 978-1-84826-436-6 
ISBN: 978-1-84826-886-9 

The Desalination Site and Civil Works 
eISBN: 978-1-84826-437-3 
ISBN: 978-1-84826-887-6 

Thermal Power Plant and Co-generation Planning (Vols. 1-3) 
eISBN: 978-1-84826-438-0, 978-1-84826-439-7, 978-1-84826-440-3 
ISBN: 978-1-84826-888-3, 978-1-84826-889-0, 978-1-84826-890-6 

Water and Wastewater Treatment Technologies (Vols. 1-3) 
eISBN: 978-1-84826-441-0, 978-1-84826-442-7, 978-1-84826-443-4 
ISBN: 978-1-84826-891-3, 978-1-84826-892-0, 978-1-84826-893-7 

Water Health (Vols. 1-2) 
eISBN: 978-1-84826-444-1, 978-1-84826-445-8 
ISBN: 978-1-84826-894-4, 978-1-84826-895-1 

Environmental and Health Aspects of Water Treatment and Supply 
eISBN: 978-1-84826-446-5 
ISBN: 978-1-84826-896-8 

Water Quality and Standards (Vols. 1-3) 
eISBN: 978-1-84826-447-2, 978-1-84826-448-9, 978-1-84826-449-6 
ISBN: 978-1-84826-897-5, 978-1-84826-898-2, 978-1-84826-899-9 



 
7. Prices of e-Books and their full color print versions 
 
Each e-book (Adobe Reader-single user) volume: $120/€95/£80 
Each print volume (Color Edition): $280/€216/£190 
Orders from the USA, Europe, and UK will be charged in $, €, £ respectively. 
Orders from all other regions will be charged in US Dollars ($). 
e-Book orders for multiple users will be entitled to get a discount: Five users-10%; Ten users-20% 
To place your order visit http://www.eolss.net/ebooklib/ 
 
8. Fees for permission to reproduce/reprint parts from EOLSS e-books/print versions   
 
Individual chapters or selected parts from the e-books/ their print versions can be reproduced for use in instructional 
materials in educational/training programs with permission from the publishers. The fees for reproduction are specified 
below. Upon payment of the fees, electronic files for the permitted material will be provided for reproduction at the users’ 
end with the copyright permission statement.  
 
Pages → 
Quantity 

↓ 
 

1-10  10-20   21-30   31-40   41-50   51-60  61-70  71-80 

50  €640   €917   €1215   €1470  €1675   €1900   €2110   €2294  
100  €712   €1020   €1350   €1630   €1862   €2117   €2345   €2550  
200  €815   €1180   €1580   €1915   €2190   €2500   €2770   €3020  
300   €915   €1345   €1810   €2200   €2524   €2880   €3200   €3485  
400   €1020   €1510   €2040   €2486   €2854   €3262   €3630   €3960  
500   €1122   €1672   €2269   €2772   €3185   €3647   €4055   €4430   
1000  €1352    €2042   €2783   €3412    €3932   €4500   €5020   €5285  
Additional pages above 80 and/or number of copies above 1000= fee per page/per copy €0.04 
 
Fee calculation examples: 
 
(1) Fee for permission to reproduce 90 pages, 50 copies: 

Fee for 80 pages, 50 copies from the table above= €2294 
Fee for additional 10 pages, 50 copies: 0.04*50*10= €20 
Total fee for 90 pages, 50 copies=2294+20= €2314 

 
(2) Fee for permission to reproduce 17 pages, 3000 copies: 

Fee for the first 1000 pages, 17 pages from the table above: €2042 
Fee for the next 2000 copies 17 pages: 34000 pages= 34000*0.04=€1360 
Total fee for 3000 copies of 17 pages: 2042+1360=€3392 

 
Orders from the USA, Europe, and UK will be charged in $ (US), €, £ (UK) respectively.

Orders from all other regions will be charged in $. 
 
 
 

EOLSS Publications 
e-mail: books@eolssonline.net 

 (url: http://www.eolss.net) 




