Water desalination
General

« 99% of the water on earth is in seas or in
glaciers.

e Salt concentration in oceans is 3.2-4%

» 75% of the yearly rain is re-evaporated



The water on Earth is not

Distributed equally
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For each of the approvimately 2.2 million grd celk of the database suitability sesults ware calculated for each cropdLUT. The outcomes were
mapped by means of a suitabiity index {51}, This index reflects the suitability makeup of a particular grid call. in this index VS rapresents the
partion of the grd cell with attainable yields that ase 30% or more of the maximum potential yield. Similark, §, MS, and mS represent
portions of the and cell with attainable yields 60%-B0%, 40%-60%, and 20%-40% of the maximum potetial yield, respectively. 51 &

cakulated using the following equation: 51 = ¥5"0.9 + 570.7 + M5"0.5 + m5"03

Figure 5. Suitability for rain-fed crops excluding forest ecosystems.



"The minimum amount of water required to produce aminimum of 2.3 Ib of food
a day in the form of bread and vegetables 15 1.2 cu m (300 gallons), but 2500
oallons are required to produce | b of meat

The minimal (thermodynamic) amount of energy required to separate 1000 gallons
of pure water from sea water 1s 2. 8KWH. In practice 1t 15 20 times as much,

Any driving force may be used and has been tried for desalination:
Temperature, pressure, electrical or magnetic fields, gravitation



Desalination processes
1. Removal of water

a. Multi stage evaporation:
Evaporation with vapor compression
Multi stage flash

Solar evaporation

b. Freezing:

Direct freezing (crystallization)

Indirect freezing (using intermediate fluids)
Using hydrates

c. Reverse osmosis (Microfiltration under
pressure)

d. Extraction
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ELECTRO DIALYSIS

Salts in water: ions

Negative and positive electrodes
Electrodes attract ions

lons filtered by membrane

Leaving desalinated water.
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Traveling Screens

filter out shells, wqod. Diatomaceous Earth Filters
and other debris Particle Microscopic materials -
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Reverse Osmosis Process (R.0.)
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Tampa Bay Seawater Desalination Plant
Process Diagram at 25 mgd Production
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Figure 2: Simplified flow diagram of the Eilat — Subha BWRO plant
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Removal of salt

a. Electrodialysis
b. Osmionic separation.
c. lon exchange.



Capacity in m3/day 2 Oo f‘\

¢~ 2> 3/c 3/ »e'~3  Process 7343/« rodial
Country .
MSF RO ySI$D 1 Total
Algeria 125,222 83,946 19,976 263,624
Bahrain 581,420 140,526 13,914 784,259
Egypt 33,652 139,133 33,385 221,097
319,769 85,874 20,710 479,041
10,824 232,051 88,563 332,613
Israel 7,191 196,739 6,578 234,140
Jordan Nil 7,726 1.537 10,363 4‘
Kuwait 1,468,750 166,472 5,093 1,652,137
Lebanon 520 3,200 18,390
Libya 462,575 138,430 69,264 748,214
Mauritania 3,000 i 4,654
Morocco 7,002 1,404 16,470
Oman 329,927 28,837 896 377,879
Palestine Nil 2,246 2,246
Qatar 782,901 13,811 821,688
Saudi Arabia 3,486,985 1,751,191 97,776 5,429,334
Somalia 288 408
Sudan 226 i 1,876
6,983 1,983 8,966
Tunisia 336 58,615 64,011
4,468,769 174,553 5,102 5,132,275
Yemen 2,400 7,411 3,330 74,897
Total 16,678,582 m°/day

*Source: 2000 IDA Worldwide Desalting Plants Inventory CD-PAMZ2000, prepared and
published by Wangnick Consulting.




Year ~ Number of Plants Installed Capacity (m*/d)  Cumulative Capacity (m*/d)

1993 308 822,755 16,359,899
1954 372 931,244 17,291,143
1995 476 1,580,061 18,871,204
1996 415 1,277,372 20,148,576
1997 384 1,534,241 21,682,817
1958 400 535,182 23,217,939
1999 343 1,290,485 24,508,484
2000 457 1,791,110 26,299,594
2001 409 1,796,573 26,096,167
2002 346 644,347 29,740,514
2003 266 2,872,564 32,613,078
2004 176 3,014,296 35,627,374

Total 10,402 35,627,371
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Fig 1 Installed desalting capacity by process. ~ Fig. 2. Installed capacity by raw water quality.



Chart 1.1 Cumulative installed Desafination Capacity, Top Growth Markets: 2010-2076
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Top ten desalination markets by expected contracted capacity

.  ————————— : : : :
Saudi Arabie Top ten desalination markets by expected contracted capacity
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Figure 1: Various country's usage of desalination. Worldwide usage is expected to grow with climate-induced wa-
ter stress and as desalination technology becomes cheaper [14].



High Tide for Seawater Desalination
The world is experiencing a hug e of seawater desalination projects.




Costs



Operating cost comparison across major desalination technologies

$/m3/d
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Figure 3. MSF Product Unit Cost Over Time ~ (Multi Stage Flash)
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Figure 6. Cost Evolution of the SWRO Process (Sea Water Reverse Osmosis)
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l e Sea Water Desalination j

In accordance with the Government dec_isin-ns since 2001
large scale seawater desalination facilities are being built:

i
fl . = .. -

Production 12/09 127

Hadera : . ’
e m— i| -- - 1%

Completed facilities
Ashkelon -BOT 105 MCM/Y (VID) + 15 exp.
Palmachim -BOO 30 MCM/Y (Via Maris) + 15 exp

Under Hadera- BOT 100 MCM/Y (H,ID) + 27 exp

Construction ~2013

Full production Smﬁf " Under Construction
Since 9/07 i '-‘\ '™ Sorck - 150 MCM/Y (SDL)

Bidding
Ashdod - 100 MCM/Y (TK Mekorot)

Palmachim
Mekorot Develop.  (100)

Production ~2013 Ashdod 1
v y o Enlargement of production from the existing
120 - . N plants (60-100 MCM/Y) - in bidding process.
il S = f A i AnpTHErSSUMGHIacHI yan gl annng,

Full production y =)

it vl Overall until 2013 = 600 MCM7Y
8 Until 2020 = 750 MCM/Y
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Israel’s Turn to the Sea
Desalination will be providing 50 percent of drinkable water in Israel by 2016.

Millions of cubic meters of water from desalination in lsrael,
actual and projected (dark blue) ina 2010 report.
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mmm STATE OF ISRAEL

Quality units Contractual Demands ' Ashkelon Palmachim
parameter Actual Actual
Ashkelon Palmachim Hadera

Chloride 20 80 20 10-15 30-40
Boron 0.4 0.4 0.3 0.2-0.3 0.3-0.38
pH 7.5-8.5 7-8 7.5-8.5 8-8.5 8-8.5

LS| 0.2t005 -05t005 0to05 0to0.5 0-0.5

Alkalinity ppm” >80 45-50 40-45
Hardness ppm’ 80-120 90-110 85-95

Turbidity NTU : ! <0.5 0.15-0.2 0.15-0.2

*As CaCO




Figure 3: Brackish water Desalination program
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Figure I1: MEKOROT’S Desalinarion Plants (1999)



L SWRO facilities connection -

Revolution in the National System operation
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mmm STATE OF ISRAEL

Water Desalination Prices
US$ Per CM

(VAT not included)

Project name Ashkelon Palmachim Hadera

Fixed price 0.4 0.35 0.25
Variable price 0.3 0.45 0.4

Total price 0.7 0.8




SWRO Costs

STATE OF ISRAEL

Ashkelon | Palmachim | Hadera | Sorek
MCM/Year 120 45 127 | 150
Salinity - PPM 20 30-40 20 20
Total cost - § 0.81 0878 | 0.735 | 0.54

(1 § = 3.7 Shekel)
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