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> Ve 3salination and power technology.
nr ‘fo adapt o the new conditions and
’ ~find. solutions to produce plants with
= h/gher efficiency, performance ratios and
minimizing the use of materials and
eliminate pollution.
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" "F), Multi-effect Distillation (MED and
-,-, and Mechanical Vapor Compression
as well as Reverse Osmosis (RO) and
ybrlds will be significantly effected.
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MSFireliabletechnology —
WP ETTOrT ance‘Ra§1io (PR) ofiPR: .0‘,"'
POWETICC nsumptlon of 3.5/ kWhr /ton of water,
Capital ngr 250=%C 0 periGPD: Unitsize
UJ/f)J v IGD
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TGP BRINE TEMPERATURE : The Increase of TBT
ganAllow Higher Production With Almost Same
_)-—L),JJ [irains

- HYB RIDIZATION : The Application Of Hybrid
nologles (MSF + RO+NF, or MSF+RO+NF +
=]\ ED) Can Improve Overall EfflClency

~"-1'f -THERMAL IMPROVEMENT : Better HTC , new
. materials, New MSF+MED Schemes And Ancillary
Equipment.
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t size to 15 MIGD from current 8 MIGD
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‘ TC by oval and corrugated plates
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J«H‘YBI‘Idlze W|th MSF-RO-NF
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J_)J_r,L electric energy recovery
devices results in total plant energy
— eqmrements below 3.5 kWhr per ton
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,_,,«_.f, .‘of product.

. The capital cost of the RO plant today
vary from $6.50-$7.5 per IGPD.



On-going Activities to Reduce Costs

Polishing Cartridge
MMF Filter Filter

Chlorine
Coagulant FeCl,

Intake Pond

ERD: Energy Recovery Devices

I< Intake System >| |15retreatment §ysteFH| |<
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Pressure
Pump

L Energy Recovery
Device (ERD)

DAF: Dissolved Air Flotation

RO System ’l |' Post-treatment'l

BCS: Brine Conversion System
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-_‘on plants

"'6 outfall
s Blend of RO permeate reduces temperature of
distillate.

e A common, smaller seawater intake & outfall.
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ESIGN TO INCREASE 44% THE/CAPACITY’
EXISTING MSF FROM 5 MIGD to 7.2
VIGD,AGHIEVED)50)%0:t0:7:5MIGD)

:_.':: NO INCREASE IN POWER FACILITIES

» CUTTING MSF CAPITAL COST FOR
ADDITIONAL CAPACITY BY 40%
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(DIVALENT) IONS ..o

"

~3




MSF 5MIGD Layyah Plant subject of Integrated Upgrading
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= > s Layyah Integrated Upgrading the NF System




NF SOFTENING SYSTEM

Reject from softening to
outfall

| Softened feed to high temp. " e
MED effects Seawater to softening
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Process and apparatus for partial blending of softened feed to high temperature effects of MED
and/or high temperature stages of MSF, in order to increase TBT and Flow of Recycle or Feed



Warm Seawater HYBRID
Discharge from MSF as source of Heat and Feed to MED
Drocess.
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MSF-MED HYBRID— - =
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Trige '-""9" Aas critical importar rc
SUidledIC Storage of water for security

J Iir, gl vclear economic benefits taking
antage of idle power

_ as an impact on cost of pipeline

3 transmlssmn from coast to Riyadh in
saving power during peak demand as well
as security
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HYBRID SYSTEMS AND

DASR - Creating the Additional Water

- Electricity demand drops to 30-
40% of peak during the winter
months

- As a result, over 50% of power
generation capacity of power-
desalination plants is idle

 This idle power can be used to
produce low-cost water (above
normal demand) using nano-
filtration and other membrane
desalination technologies
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,v%l'lé;i emissions- seawater scrubbing
“fficiency of the power-desalination
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”B'Seawater thermal and effluents pollution
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ANINIOSECASES, the naturafEingnmty 0)f seaﬁer IS relied on In

gISIEIESPASS| System. [Ihe USe of; seawater alene requires a very
L]rJ‘—‘j‘L)\/\j“) SMeVea nign pPercentage ot Nfurdioxide:
2Flz)E prJr*e; comprising adding to the seawater calcium based
IRelilslibsEqient to the absorption, and then introducing into a
cecargaskel ion/oxidation reactor to which an oxygen-containing
JeBHESU splied in order to oxidize sulfur oxides in the seawater

= _me strlp carbon dioxide from the seawater.

hen ‘the seawater has been removed from the decarbonation
reacter calcium based alkali is again added to the seawater in
order to increase its pH.

Original Flakt Process by Arne Ellestad et al US Patent 4,337230 June 1982



LEC @Ied use of seawater in filu
desd!funzatlon -

fng]e] ref 0)\/z)).0) ASENromTaueTge ieved'ina
SIIIIETAL lng d recirculating agueous stream with magnesium
nero,uJe and magnesium sulfite act as absorbents

Trigy clfe roduct of a reaction between soluble magnesium
froml thierseawater and calcium hydroxide added to the
_';QFF- 3 mg system.

= Tt" &r oxidation magnesium sulfate is converted back to
,’ magnesium hydroxide by reaction with additional calcium
hydroxide, with gypsum as a by-product.

e Gypsum is soluble in large amounts of seawater and may. be
returned to the ocean without adverse environmental impact.
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J. Abrams, L. Awerbuch United States Patent 4,804,523



~—

SoiIvINed Power Environmental Cycle™
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COMBINEC ower Enwronmental @ /el
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IlERAWErbuch et aI CT-Appllcatlon WO 94/16992
Jnvanrur rJJ\, ISESIaNCOMBINECNPOWERERVIFGRMERtAlN .
r*yr*la Ut lizing| crude or residual fuel oil for gas

'FJrJJr]r} here and compares to utilities using

ERICIES t steam cycle to produce power and

_Jm': inated water.

| e>|nvent|on provides seawater scrubber to clean
..-«:Eﬁ’e flue gas exhausted from the gas turbine and

.d"f's

~concurrently producing high quality condensate.

® [he scrubbing is currently further improved by use
of enriched natural chemicals contained in seawater.
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-rhe EJJ"]S‘/V;'J N/aS With ote o\V/z .,._ “nd intearatior
WHIEliNprevides better energy efficiency both for
trigrrslell ) hd membrane processes, hybridization
Jr-\rrg match power and water requirements,
“““ age and security with DASR and WASR.

= Innovatlons to get carbon credits and use of
GX|st|ng assets. New solutions for environment
Integrating seawater scrubbing, chemicals and

Y

mineral recovery.




EneFijy IS Power,
Power Is Water,
Water Is Security




