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Total Fresh Water 2.5%
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G eater extraction of groundwater
EEsUlting 1n depletion of the aquifers,
— e only available choice, to meet the
2 “ ~demand

| IS
SEA WATER DESALINATION
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~\Will'offer commercial opportunity of 80
pillion dollars plus, in the next 10-20 years.
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' need for ever increasing gquantities of low cost
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ensure environmentally sustainable expansion
uj ply
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'.‘_thfcreate a product which is reliable and can
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—attract finance
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IDESANATHONMand-POWER

ncreasing water demand
'creasing unit cost of desalination through technology

* improvement
sl ack of alternatives to desalination

sEnvironmental constraints increasing the cost of traditional
e water resources
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=== eImbalance between rapid growth of water demand and
slower growth of peak power
eWater can be stored, whereas electricity cannot

v
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JIRENDS IN-DESALINATIONIAND
= POWER MARKETS

= Movement towards market pricing of water
tPrlvatlsatlon of water supply
& slntroduction of Build Own and Operated
=5 “(BOO) concept to power and desalination
g~ projects
= *Profitability moving from manufacturing to
ownership and O&M
Hybrid and Nanofiltration (NF) as a
solution to the power surplus and need for
cost reduction.

= BESIX
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Spesalting) Inventery

Nor dwide there are 15,233 desalting units with total
acity of 32,400,000 m3'/d or 5,706 MIGPD

:fer the last two years the increase averaged
10.5% / year
_.-.:. Middle East is still the dominant market

Saudi Arabia 22.4%
>UAE 20.4%0
- »USA 12.0%
» Kuwait 8.4%
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Total desalination capacity worldwide

i i

-~ By Region

Caribeasf?aiia
South America 2 =o
ool 3.5% 0.8%

North America
16.2%

A\id[e i
S — Middle East

Asia
11.2%
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'tlng Inventory Fechnelogy™

il ooniinsios
SF represents 43 5%
RO represents 43.5%
=r For seawater as a feed

— « MISF represents 66.3%
- e RO represents 22.4%
« MED and HYBRIDS coming strong

= BESIX




i
e significant increase in fuel-energy and

_ al cost has a dramatic impact on capital
1d operational cost of Desalination and Power

'éct of US$ 60-75 per barrel oil, natural gas
cceeding 11 $/MMBTU and high demand for
= "—'—u materials, steel, copper, nickel and concrete

_-;-:-_f’“'fhas dramatically increased pressure to develop
= novel solutions.

Can we minimize energy consumption and
reduce volume and weight of desalination
plants? =
LET " BESIX




BDESAlIRALBRNSIZRERERGYiandicap]iz
mtenswe Process.
All ]or gesalination technologies Multistage
r]rl\ (MSF) Multi-effect Distillation (MED and

| Mechanical Vapor Compression
"-ﬂ\/IVC) as well as Reverse Osmosis (RO) and

-~ Hybrids will be significantly affected by
energy costs

= BESIX
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ENErgy Reguirements

(Steam/Electricity)

-

M FL S) ge Elash

\/‘gw r Compression
= "ﬂﬁﬁl—Effect Distillation
—= Reverse OsmosIS:

WiIth energy: recovery

without energy recovery




esa| nation Technologes

m—

- Multi- Stage Flash
DISUIZERF(IVIS

- Multi-Effect-
Distillation (MED)

- Reverse Osmosis
(RO)

- Vapour Compression
Distillation (VCD)

. e—




r IIy driven Desalinanion, =
Technologles

i

Vlilti-stage Flash (MSF)

IViliticeffect Distillation (MED)

Mlllti-effect Distillation with
Thermocom oression (MED - TC)




b uIt| Stage lash (M §F)

e BT

REVseavatentotalidissolved solids (@DS);
97,000 mg/L

- Nf prine temperature: 112°C

IPEformance ratio: 8

#E,_Electrlcal power: 3-4 kWh/m?

ey e
i :-—- =
-—"_ _—

=% Stcale inhibitors used for scale control

- Recycle type plant
- Dual purpose plant




e BT

MJr Wellrestanlished reliableTtec nology with' the Timits
;erformance Ratior (PR) ofi PR=10 typical PR=8,
-{fnal PEWErr consumption of 4kWhr/ton of water,
y_-' iidewn; ratio from 110-70% of nominal

B Capacity capital cost $4.00-$8.00 per gallon per day
== +m;:1nstalled (GPD).

,




AI-TAWEELAH A2 MSF 4x12.5 MIGD
Unit on Barge







lulti Effect Distillation (MED)

e BT

_ r{rl)v*\ sWerier gl cligseleel s llefs
(FD ): 85-47,000 mg/L

’ M’: xdmum: brine temperature: 76°C
rformance ratio: 12
Iectrlcal power: 2 kWh/m?
-Scale iInhibitors used for scale control
- Duall purpose plant

= BESIX
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VIEEDR thivwide range,of performanceatios irom PREE™
10 PR-16, typical PR=12, mternal POWENF censumption
SiMPEHAN I/ieeiWaleIRWI U EeWn UGS fiem
iIZOREI4'5%0 OF nominal capacity, capital' cost of MED
pleltsivary from $3.50-$7.00 per GPD.
WEDInIt Thermocompression (MED-TC) are similar in

S Charactenistic to MED but require higher pressure

".-.- —_—

lme—steam—Jet compressor acting as the heat pump. They
~— are designed where 2 to 10 atm steam is available, for
“Water vapour to be thermocompressed across several
effects. MED-TC Is particularly in use with Gas

Turbines.

—

e
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SElectrically driven Desalination..
Tech*-nologies

’ verse Osmosis (RO)
apour Compression Distillation (VCD)

s Hybrlds




reverse Osmosis (RO)

e BT

’ Q@lv\' Sawatel total disselvVed solids (TDS):
50- 47 000 mg/Lt

- rm pressure: 1000 psia (70 bars)
SEonversion factor: 35%-50%

* Membrane life: 5 years

- Electrical energy consumption: 4.5 kWh/m?

= BESIX
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SEaater RO has become a maturestechnology with
Wigh degree of reliability. It is; using electric energy.
tog goerate airlc] Wit grlerc)y recoVeary caVicas esln
ECOVEN 25% to 50% of total energy, from the high
pressuire RO reject brine stream. As a result the total
plant eEnergy reguirements can vary from 4.2 to 7.4
WA pPEr ton of product. The RO system can vary

B Some output, but its big advantage is quick start-up

= allowing its shut-down during peak power operation.
The: capital cost of the RO plant vary from $3.50-
$6.5.00 per GPD.

= BESIX







S
A dyvantages of simple by

= VISE-RO Power System

SNNGommoen, considerably small seawater intake can be
us?f' o

ESRPIOEICE Waters from the RO and MSF plants are blended
= 1o Jl0btain suitable product water guality
*'*? ‘A single stage RO process can be used
*" The RO membrane life can be extended

s Excess power production from the desalting complex

can be reduced significantly, or power to water ratio can
be significantly reduced

Increase Recovery Ratio

—

= BESIX



Fujeirah Plant - Power Desalinaton Hybnd







RROWEN GEneration Technoleaies, =

e BT

r) ~ N 7N ol ! oY
SElshe PIESSUIETSIES

Extection Steam Turbines
MEasHTUrbines

~ — Steam Turbines

LE




sical*Power to\Water Ratios
for DifferentsTechnologies

e BT

loav PWR=MW required/Million Imperial Gallons per day

n Turbine BTG - MSF PWR =5.0

m Turbine EST - MED PWR=7.0
Steam Turbine EST - MSF PWR =10.0

__ _,;-T.:éi- 'gTurbine GT - HRSG - MED PWR = 6.0

= Gas Turbine GT - HRSF - MSF PWR = 8.0
=~ Combined Cycle BTG - MED PWR = 10.0
Combined Cycle BTG - MSF PWR = 16.0
€Combined Cycle EST - MED PWR =12.0
Combined Cycle EST - MSF PWR =19.0

Reverse Osmosis RO PWR = 0.8-1.5

= BESIX




al Power Desalination

-

Combined Cycle
Steam & Power

'If

Lost Power Revenue
Oppeortunity

(§ Power to Desal

)
()

Steam to
Desal

Multi Stage Flash Distillation

Brine
Reject CW

Product
Water

= BESIX




= QY R AND DESALINATION PRIVATE
THE MIDDLE'EAST

ority plant Power Water contractor
—————s@ORtraCtOr- «  LOtD
EOT P
Al Taweelah A2~ Siemens Hanjung

Al Taweelah Al Siemens Sidem

;*;_:ﬂ“.—MEW Oman Enelpower Hitachi

-—"'_ _--"T._

““MEW Qatar Ras Laffan Enelpower FI-
Italimpianti

Shuweihat Siemens Fls
Italimpianti




S
POWER AND DESALI NATION

mmmmm_ ~Developer
MIGD

~ Al Taweelah 50 710 MSF CMS
A2

A" | Al Taweelah 50 1100 MED TRACTEBEL
| Al TOTALEINA

40 750 MSF AES
30 610]0) MSF
ADWEA  Shuweihat 100 1500 MSF

71 MEW Barka 30 500 MSF
Oman




orid Power Desalination

Combined Cycle
Steam & Power

rﬂr ||ﬂ:lfl & Power to Desal

Steam to
Desal

. *
o 7 ¢ N N
~Lost Power | Al | | i Al I
Revenue Z
Opportunity

Nanofiltration

Reverse
Osmosis

Product
Water

= BESIX




S INanetiitetion | =awith: Multistage
SVISEFlash - Process: -

Wp— Makeup Softening




WELET Securnity Is based on:™

- -

Y aEeUgh desalination capacity.

= BESIX
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\/\/a_'rf pSlupplies are Scarce

=

| S—

BIVEs are belng
de sletedland
.:o MING more saline

2 r 3Ye 1S an increasing

e demand due to

‘-'._‘-'*'ipapulatlon growth,

= agricultural needs,
Industrialization and
SOCIo-economic

Improvements




Combining
Desalination and
Aquifer Storage:
The DASR Concept




=zlilnle ﬂ‘ddltlonal Water

N4 ~f -

M= ECUCILY demand dieps Lo
30-40 of peak durmg ihe
WIrIEer 1elof)

Overw of [POWEr:
JEREIALION Capacity of
peIErESaESalination plants
JJ J ernptwinter

= E'pPpWer can be used to
| T:';.ﬁ'ﬁf'ﬁduce low-cost water
= (@hove normal demand)
~Using nano-filtration and
other membrane

desalination technologies

Y

faee0o

Yooclgess sy U

=9 0.8
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Shie Ei\\ 315, PowWerstorseawate
IIaton --am_g,,étorage{q&.@L‘t!llié?b _—

Steraee . andiRecoven (DASR)

Water desalination Water grid




BESIDIEEADING EDGE WATER
WIECHNOLOGIES MISSION

=CONGMIGA HE OUTPUT. OF MSF

PLANIFS BN -
WAPDING THE LET NF SYSTEM

E Qri'-" IMIZING MSF PLANT PERFORMANCE
RYCUNIING CAPITAL COSTS BY AT LEAST 25%

___- O NEED FOR NEW INTAKE AND POWER PLANT

—
._—' ——
* gt i
o—_

= Tihe Nanofiltration system will utilize
idle electricity for production of water

at low marginal cost of power

= BESIX
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SIEOWA for lntegrateds=yorma™

SHIE fé? ¢} CelgelGliva of endistinlef clfzigfis; —
ljoJ ade alon95|de rehab

=2l tor capitalize on the effluent water
V|de Aew: plants with a clear advantage

rough a better IGD/$ mvested (Capex)

- Improve thermal and membrane based
DIFOCESSES

g =
=" BESIX
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PR EFERENTIALLY R VIOVES SCALING
IVALENT) TONS

& LOWS HIGHER TOP BRINE
| SENMPERATURE FOR MSF (121 vs. 110

= Higher Flash Range Increases Production
— Reduced MSF Capital Costs

— Reduced MSF Operating Costs

= BESIX




“THE SEWA CASE of

NTEGRATED HYBRID

= C EASE 44%0, THE CAPACITY OF
EAISHFNINSHVIS ROMIS MIGD 10 7.2 MIGD

1\/|II\/IUI\/I FOOT PRINT, NO ROOM FOR

\ W DESALINATION PLANTS
= EDUCE OPERATING COST
- —NO CHANGES TO INTAKE STRUCTURE
= NO INCREASE IN POWER FACILITIES

o CUTTING MSF CAPITAL COST FOR
ADDITIONAL CAPACITY BY 4090

= BESIX
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COVPUTER SINMULATION OF PLANT OPERATIONS

s MODIFICATIONS TO INCREASE WATER
DUCTION AND IMPROVING EFFICIENCY

— *:COI\/IPREHENSIVE ENGINEERING REVIEW
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pVeEstment:CostsrComparson ™

-

e

- $inv/ IGD

—_— —

- "

0]

NE+ MSE

SENnEEIHCAtIoNS

0.5

De | e plant

3.3

2.3

C_ & ERGINEERNG

0.9

0.25

JSC and commercial

1 el
s o

0.1

0.1

Torzl Dt |p/asiman)

4.3

3.4

Intake

0.7

N/A

dietalNnVestment

5.0

3.4
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= Unit:Cest Analysis®

RO | NF+ MSF
$/ ms $/ ms
AyniElNvestment return * 0.330 0.177-.245

Bperating Costs 0.268 0.226-.234
~ Fot 0.598 0.403-.479

*Based on a 20 year life and 6% interest rate

= BESIX
















‘!.h.
fiprovements in distillationranais

ffH Prrane PIOCESSES

RREEIESARINRNENRESEREuesEVISEl RReVaHeR —
SEyondiLtarge sizerunit™ at the' [[DA Forum: on
IneYatien and Integration in Desalination Dubai
WEserbedl the new frontiers, as
SNIOP BRINE TEMPERATURE : The Increase of TBT can
= 10W iHigher Production With Almost Same Desal Trains

.'--L'—fF:TYBRIDISATION The Application Of Hybrid
— — Technologies (MSF + RO Or MSF + MED) Can Improve
Overall Efficiency

o THERMAL IMPROVEMENT : New MSF Schemes And
Ancillary Equipment.




Seawater

-
)g Pump
¢ %

Condensate

De-aerator

NF Feed
Pump

RO Feed

Pump

RO Energy

Membranes

Brine Recycle

Blowdown D Pump

Pump

Brine
Discharge

Seawater
Discharge

Seawater
Supply

Distillate
Product

RO
Permeate







=guureDevelopments

e BT

o fu tNer reductlon of $ mves_ted / 1GD to
2 S/ GID threugh optimization

=nireduction off UF/MF as pre treatment

Reduc:e Operating costs through
; "~ = — Energy reduction — energy recovery, one pass
— Chemical reduction

® NE for MED

® NF for RO

LET




Ene?gpy IS Power,
Power Is Water,
Water Is Security




