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A Multidisciplinary Introduction to Desalination
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96% Water
4% Salts

55.3% Chloride
30.6% Sodium
7.7% Sulfate
3.6% Magnesium
1.3% Calcium
1.0% Potassium
0.5% Others

OOBCO0N
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Multi-Effect Distillation
(MED)

Video clip inserted



mailto:info@environ.ir

\ \ Ml
Sl Laple

info@environ.ir

Reverse Osmosis (RO)

Video clip inserted
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Electrodialysis (ED)
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Desalination Technologies
Classified by Energy Source
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Semipermeable membrane
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Semi-permeable membrane

Dilute Concentrated
solution solution

(a) Osmosis
(Equilibrrum)

(b) Application of
Osmotic Pressure

(c) Reverse Osmosis
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7 =1eCRT

i = number of 1ons produced during dissociation of solute
¢ =osmotic coefficient, unitless

C = concentration of all solutes, moles/L

R = universal gas constant, 8.314 kPa - m3/kg mole - K

I' = absolute temperature, K

The number of ions per mole, 7, for example would be 2 for NaCl. The osmotic coefficient, ¢,
depends on the nature of the substance and its concentration. For NaCl it ranges from 0.93 to
1.03 over a concentration range of 10 to 120 g/L of salt. Seawater has an osmotic coefficient that
varies from 0.85 to 0.95 for the same concentration range.
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Bacteria,
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protozoa, algae

particies = 0.1 pm

Viruses and small colloids

Dissolved organic matter
. . 2
and divalent jons (Ca®>"; Mg?")

Monovalent species (Na*: Cl7)

Water

=~ (0.001 pm Nonporous

sizes

= (.01 pm

Pore = (.1 um
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Parameter Unit Nanofiltration Reverse osmosis
Flux rate L/m?-h 10-35 12-20
Operating pressure
1000-2500 mg/L TDS kPa 350-550 1200-1800
Seawater TDS kPa 500-1000 5500-8500

Note: kPa X 1072 = bar (1 bar = 100 kPa = 10° N/m?).
kPa x 0.145 = Ib/in.?
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Source water ™

Membrane (cast on fabric backing)
Source water &

ous ¢ Tier Membrane leaf
flow spacer Porous permeate carrier > ‘

Membrane (cast on fabric backing)
Source water & flow spacer J
Processed water passes
through the membranes
on both sides of the porous
permeate carrier.

Source water

e
>
<~ Source water
e
P
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Permeate
water

The permeate flows through the

porous material in a spiral path

_ until it contacts and flows through

Concentrate the holes in the permeate core tube.
Cutaway view of a spiral membrane module
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Video clip inserted
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Glabal MENA
Membrane ||1F'|r‘|'|‘|| Membrane Thermal

Source: GWIDesalData
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. Nanofiltration

Reverse osmosis

. Multi-stage flash

Multi-effect distillation

Middle East/ East Asia/ North Western Latin America/
North Africa Pacific America Europe Caribbean
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47%

RO THERMAL

16.0 Million m3/d 18.1 Million m3/d

RO Desalination Thermal Desalination
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