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IN THE UNI TED STATES PATENT OFFI CE A METHOD FOR
PRODUCI NG A DI STI LLATE STREAM FROM A WATER STREAM

waehiTAbMSNG AT LEAST ONE DI SSOLVED SOLD3 RELATEBOT@ABHS003912

[0001] This application is entitled to and hereby
clainms the benefit of the filing date of U S

provi si onal application no. 60/773,045 entitled "A
Met hod For Producing A Distillate Stream From A Water
Stream Contai ning At Least One Dissolved Solid" filed
February 14, 2 ELD COF
THE | NVENTI ON %&%%@?@iﬁt‘gﬁ nven ?gn drﬁel ates to
the production of a distillate streamfroma water

St r.eamGea t i
RN ﬁ(ﬁk i*ﬁ(ﬁi EREG ] E Vl«‘j Q\i}é%émll
t her nal ST

stream from at | east on f c ssor intercooler,

a stack heater and the ﬁpﬁé@egghgat source.

Emmquwl NDTGEs a'ﬁgﬁaklbh/ﬁﬂ\ﬁ'dtﬂéﬁ [t&@&ﬁherblsy aams tﬂafbbﬁef@fof the filing
I ota terlsmsorts

i AT e TRl e 3 p 08 Are0ia satinech s Vst Fop Producing A

ShiRfill#6 Kiréin P¥onP AW Bgemt@%mg@&ﬁmeafsmm Dlsaqtdasdblia” filed

wat er, brine, seawater and the |iKe. Such processes

aﬁ@“@%l”@&p@@bma‘tlé Fddingiax: distillate from water

whi ch contai ns at g@% Tﬁ'.l?ﬁﬁﬁ\ht'l@fll I|d mat eri al .
|caIIy t he wat er to such processes is filtered

t[g 02nove Jhe piesant inventidngtioiee tmﬂllapgudngm@ftawasnﬂiato steem from a

4 S%} % dé E?AM% Eeg%teoqxg 025%3&9‘1‘ lscﬁ jds Slécn dasy sc[a)lwiatﬁ% brine, brackish
S\tfataaamﬂ\ﬂm ki‘.lte bga dmnng&udmyllnm pocesOlsireh lseated dgueohO8fddh from at

W del ed pr oces | ude

A pre SR RrBIREE Fiandior Mk b8 R ey asq hegtsopress

pr och:eszes t re\ée[r?]gcmml Um)aol ﬂ'n}ngt nhvkn grtlgg di scIHoscﬁd
D038 20 TB Ry BiEnghnihe. WorkhcpokgbiA MAJer i WRAROrt Supply. Many

??@é@s&@ have iR pRpbSA a8 AHI8S seme%wﬁl@ RiRRtcom g3 ra—clh%?n% potable

stillation processes have |o been used to produce
dvaier from beackisly pter @anmwawmamé ike.oBichiprpaggses are typically used

b Sre Qv disBRAte o %vateTh?ﬁ@h RbM&ias %? eagtaglfe BE&N eldss%ﬁd material.

for the production of desalinated I St ate
meﬁaﬁé theavater fedtg| suchproeassestig ﬁléqwdsth roieerpagtivellatey éefore charging

1 Ke I{E b€ ithYehe Sdi'é‘sb vbd SOIR! béilxk% Av@& bg/”d@tﬁli’a?‘ér?%&}r%auce 2

use 0O or a seriles O vessel ects St ages
uHigilleteeand pibrioé gieem wiickeis apraving the ndgsscﬂm@hlidtg and
C[ﬁ@lgﬁ nsat | o@’id@‘y ruggju %?&e&'ése StUings 't)'/}) %ludg M InONReffect distillation

processes, multi-stage flash processes, reverse osmosis and the like, as disclosed in

“Understand Thermal Desalination,” Ettouney, Hisham M., El Dessouky, Hisham T., and

Alatiqi, Imad, Chemical Engineering Progress, September, 1999. These distillation
processes have long been used to produce distillate from feed water streams containing
dissolved materials. These processes have been used for the production of desalinated
(distillate) water from seawater, salt water, brackish water and the like. Basically, such
thermal distillation processes use one or a series of vessels (effects or stages) and use the
principles of evaporation, flashing and condensation at reduced pressure in the various
effects.

[0005] Processes using a single vessel are known but more commonly multi-vessel

systems are used commercially to produce distillate. Single vessel systems are more
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effects. [0005] Processes using a single vessel are
known but nore commonly nulti-vessel systens are used

woanraosasal |y to produce distillate. Single veBseiUS2007/003912

systens are norew dely used on ships and the Iike.

Various designs have been used for the heat exchangers

in such distillation processes, such as horizontal

tubes with a falling water fig.n on the outside,

vertical tubes with a falling water filmon the inside
Qﬁldél& atedonWhiph afidihk likg Vi@ricas désignsavertden iied forthe hedt sohangers

vari ous, et hods for g, feed vva er t
i Svoh SiaiTRGAn SYeee SRS S e ae bR Eh Bogeut® & Uy walS 0, on the
HhkideD %rﬂ@dl t&B‘eE wﬂhmnnngfwa&éa & dt8E ﬁﬁﬁi@&)r @mrwlim falling water

part he nunb of vessel s which may var
s am? s h&w Aspaaasguihods K adding feed ppist Foe%%r éesée%‘stﬂlatmn

@§§£m§gllé l(g&vﬁgnmg@bv 4 initial source of heat which
carrie e 'systemto produce additional

OIDMIG] | | at eThm tlermai efficianoe Of/@s@enr@cesseh fependsain pag$ipeyihp number
\fﬁ ng é{l] g%érq:]roslrg érat 0. taquln?&e 95£§l§s§ﬁ§5e R¥ssBis require a heat
@ﬁﬂ&a (1) eqiplwa'pmﬁtnal: soqpecestdieatrwhithh éreamiedvioogh the system to produce

OIS E RRe BR, HREGAP AR P e

Wﬁitillal‘i&@?ﬁcés@cstﬂ'wﬁ%rﬁiy dfl s@sterhd) stidheasahé udeaf steam, machamcal vapor
mul ti - ef ct distillation, esses. The commer Ci
ROFYEFSS 0B R vapob LB o BTN {PPO IS BB Epiion vepor
a&&rﬂrés)éloh Oarfthélike. NS@h froREBest ateONéIClfbivnSIO URGHE skmed in the art for
enabl e t he evaporation and flashing of the water rl]

e inamubiefast disdilationopopesersc e Thh commeraial | uftlisy of such processes
f e to enable the
PRI Sy LA S ol i e s
cmpmm&@o end dloshingof 8fe watebim thesyasionsryessels te dreduce fhe distillate

S cfqured whil e conpressing a fluid. An

[ ict 8 is a heat exchanger that cools a hot
copTiessed Gdmyreksdr Meraoqlﬂrecawllmgmmtyp uexls or gos acgmpressors air

sy e ey RSB LB R 08 oy i
SwhieeoiRptessi@Hed SAR intertdoldrds ket exchhreget thapcraoia achet eompressed
| ow tenperature cooling fluid t%S he int.ercool

BB o e COMTFRSST oHEER DGO T RHEE o pegudy sege of
f b&hﬂeﬁmneﬂlleféﬁy bR edsiig@heRorkalecaBaly e sibisdquihzenipbession. 1t is

wor K of npression in the subseq t I ess h

siesgesl 48 PEPHHG B FRmPeCEiE CRPRTE TG 1P G IRl tprgptimize the
rrgﬁ%tﬁ'g r&iicidoh &ithe &mpiess&T it eB@h@\be intbR6olBEAid thus minimize

supplied by the intercooler sinply rejected to the

ethei werkrafisomppestiosjn 1% SHbSEAPER P PTE P HAgES aéﬁbﬂ’falgf@ée Generally

Wth‘e Hnééréog%P Hh?: oY o b}I 51'Pa1§ fof QAEr GREIM 4EEHe heatdplied by the

arr fromthe | ow pressure conpressor
e mtq;'cg)lqrh;gnply rejected to the environment.

[0008] When an intercooler is employed with a turbine system, the stream
compressed is an air stream. Hot air from the low-pressure compressor enters the
intercooler where the air is cooled by heat exchange with a cooler stream. The cooled air
is then returned to the high-pressure compressor for further compression. The final
compressed air stream is then mixed with a fuel stream and the mixture is combusted and
expanded in a turboexpander which produces shaft power which may be used to drive the
compressor and to produce electricity or the like. The hot exhaust gas stream produced in

the turbine may be used in a heat recovery system to produce a heated stream, such as
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intercooler where the air is cooled by heat exchange
wth a cooler stream The cooled air is then returned

woOaQod7hves2sh gh- pressure conpressor for further PCT/US2007/003912

conpression. The final conpressed air streamis then

m xed with a fuel streamand the m xture is conbusted

and expanded in a turboexpander which produces shaft

power which may be used to dr_é_\/e the conpressor and to

produce electricity or the like. The hot exhaust gas

SteafPSPIRY BRUGREN idushdiStd v 'a'?ﬁb&@(étgpﬁr Méjlilkeﬂo? J¥G& additional

recovery systemto produce a heat stream su h

abaft energyowhichmay b used ihdnive anslagtristgererator, gradues aidditional power or
X i ke 10 u ey | .shaft .

S RS AR bt MBSl KRphO PSR SR bl B Una e roquire

gatessivg disqusgoroduce additi onal power or the like. Such

e are. wel nown to tho skilled in the art. an
JURE™, 20 Svptaty R Rt Rervan B et Eulsy i e by the
tshfurcsvRkedy of the divel rvificholg barde@ ai tHees@ibastionI8Bide0 NUdeSof low sulfur
I'rptecl}%y thﬁ sul fur content of the fuel which is
(P 75 naftEal eBiser PRYRIC PRt OKabiece st edieat recovery
fse@lon allowing leWererhatisBdas Ghperahats fiEihEedRubi s AMpRtur&of high
heat recovered in the heat recoveryssectlon al | ow ng

1Bt fugleneieh as Guek ol eHiBisatug te derarhpnst easesizpm astompytion turbine
HEHTBIE badnUlo9s siitfur TLEY havth W obeekRfurRUE asw nbﬂb%t Ofybat recovery

f

This is due to the exhauSt gases from a conbustion
tseftising aYRigAlly remidedh racsoulatinng systemg o shen ke oy maintainven exhaust gas
TpHEfe AEEME M B e e ol L6 Rk i3 SRk B ¥injiap gorrosion
rediithret lawer tamperstheeuptts getbe heatpreo@rysestiatbove t he water or
the sulfuric acid ] ' I lnimze
corrosion of the |Sm‘ﬂ?§r%@%§‘? n the heat
rjeejery sdctirding tSHNREXNGhvehtibn,| ANWENGd @NproGiddd for producing a

cor di to.the present inventjon, a pmethod j.s .
S reatter P QARG SRS doneite 8 e e <iiplied solid by a
aheRRLGstHlakiBR Proeess usihg bileastbnd 1RAGH aQURBusKt&aMIhe R Byt 1ehst one
by a thermal distillation process uysing at |east one

19 4 COMMBIERIRIO IREETEq0lss Anehtiagkipatsy an e healatoprcg awd gptignally a heated

GRERH FRGR anbthbe h&:0 Absite, &e InethoACLontRRIE" pating Jﬁﬁé’c{ueous stream

source and optionally a heated stream from anot her

Irentaindng piclsast ope disselMeshisdligriprthe thegmalpdigillation arpcesgrepsising a
o . h

TAAERT IT3RLE MAinEbn 1FR6Ls Sl by Y SERRE Wik HOhie Source 1o

\rsadyist 9 hepfed pqueguinsiteat awsh passing dbahaaiedtagueoue streramtpethe thermal

Wigtﬁ‘la{i&?pxg%ﬁ asoft Waink Of P &ée%g%‘lgxﬁega@ G 38 %a‘?é} Y

streant an passi ng the ueous streamto the

tif@kldal di dhe Invarticnrfuptheycemprises assystere deit produsingf a distilbust stream
. The invention

R85 ! AL B8 5ol AL oG ARUET by s

drane anedmppesser inter@oles tas eaimat onired, nhengysein caapdsinyna compressor

dnlmt%rsc%!)l\e/ne %edcfoe!xlclgangg’rl; ggrngltihe?égtegstﬂ&%gr? l“s'?stgr}x rc%r%r;prising a plurality of

effects, each of the effects comprising a vessel, a condenser, a condensate collector and a
fluid transport apparatus for passing fluids to, from and between effects; a water inlet to a
feed inlet to the multi-effect distillation system; a distillate recovery and condensation
system for recovering distillate from the multi-effect distillation system and passing a
portion of the distillate to an inlet to the intercooler to produce a heated distillate stream;
and, a conduit for passing the heated distillate stream to an inlet to the multi-effect

distillation system.
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froma conpressor intercooler as a heat source, the
system conprising: a conpressor intercool er heat

wexaitaasmsy; a nulti-effect distillation systenPCT/US2007/003912

conprising a plurality of effects, each of the effects
conprising a vessel, a condenser, a condensate
collector and a fluid transport apparatus for passing
fluids to, fromand between efjfects; a water inlet to
a feed inlet to the nulti-effect distillation system
godizgti | | atge E@@&Yo%@ﬁrtﬁé?@oﬁ?ﬁ&@ @%?ﬁt A% 1Syr5&1§>'i.ﬂgf Plistillate stream
recovering distillate from ?
dfronm p Water isserns gantaiping Aldegshens digsobreg @frltd usmgaf heated aqueous stream
|I t.t t [ roduce

0?‘(% éogﬁpg?sts?rl réo'ak ? eag r?]ohe'g_lg godr% E}E)en & 5’1 ]g%rgp% a COH%)I'CSSOI'

tmierdoelat dent chxshangéralaemsltlfeﬁm distillation syst¢m tcomplising a plurallty of

ATSUREET IR ARYE R M PR

&ppa'am ﬁ‘cBrQi?issing/\ﬂmdi to5 frbamm Gefvean bffets; a4 whRallet@9€ feed inlet to
ysi ng a he aqueous stream from a

ssolve {
Ul eret Rditdlotion P g FeePRYeand; FRIdeqsatiqansystem for

Cremem@ QBtillde RN KRS fAlti-dcEHEAMRN H8@h; %X&Jaaﬁig ®r: pddsing a
mul ti-effect distillation system conprising

FIEFRCPRInE atfepgang disselvad ohd Qe antpreeqler to @rqsiupesa hgted water
&3] and?a I6AMuIEHE PAREIE theAlted v&altéfi“s%&rﬁ @cp%gﬂﬁét to the multi-effect
éﬁpar atus for passing Tluids to rom and between
dletion systemiat er inlet to a feed inlet to the
bﬁ ef f e‘i'g gdv%ﬁ Hnl i &Qor‘?ﬁ ﬁ%e@ql §}<3rg|f§lI %ruh%n% a distillate stream
reco ery and con ensa lon s rec
d‘rm A water etréanomntmmngaﬂ least edef ahssblvdd Sdilld Usirtg ajn:a&;l afueous stream

ndwgi})rf Qr SSI Fe‘% st rfam COI% Wg at | east one
<o RGOl o eaf btoe A B S5b R, g ogpressor
vimteﬂ:bolst hmmxcl&nger a nudireapd fladhr sysiemseonprising dplafatith of stages,

AR P s TR SuORE p Gt o SR Rpch £l dollgtor and a fid

GEAEPOrSEparatus Yot [RIs3ih® fluids fbdﬂﬁin%d Defhceh klabd! & watet 83110 a feed
froma water. stream contai ning at | east one di ssol ved

dict i thei mytizetage dtaghy sudrs sudisiliaie s Yary fid cerslepsatian system for
'r@écﬁéx‘h@ dBkIAS Forh QRS nRMiLiGse Ahdle sysiehl @HY GRS §'ﬂ69:10naof the

npressor i ntercool er heat exchanger; a multi-

fdl%t&hte§9 n &nletcie My interoeglentopiroduss athgated dlgtﬂéeg%strea@a@rrd, afconduit
tBep da§§1ﬁ‘§ﬁﬁ hE&’cF?fhkt?lla@egstég’}{ ?é?rﬁﬂllet R HORARDS e fladh s stem.

condensate collector an transport- appara

fl8914)assi ngh¢ inyientéon; fyrther comprised alsgstowm dor wodupaeg a asullate stream
‘ggégt‘?é r\;}]awg ‘§ttreatn? cﬁtefu? SQ at! l@alos\?/&#et cﬂsstbg'@d QML% dnsic’n aal%%ted a@.fe us stream
ffigom raemmcssmgmehrmoidr Iaataehdat e«mrteh ghensptstem scbragésufg asdompressor

%Xti@];cgg]efaﬂ%] Iéhsdkngr too 9{1 %t'figé] ﬂth aifs]t%mgécf]ntg)lé{s%%taeplglrahfaynof stages,

aiaclt df thetstagss maamm@w pordemanmcmdérmatep:aﬂeumganﬂheﬂuld transport
eat ed am t t

Arperits fr Fhseinethitos oo dhsBiesn Sefs iatudetontaiio p et inipt to the

anulfisstage Flash Syssérem fdtstxlmé @ehwerygma ddh8énisdtiont $steinl oA Recovering

distillate from the multi-stage flash system; a conduit for passing a stream containing at

least one dissolved solid to the intercooler to produce a heated water stream; and, a
conduit for passing the heated water stream to an inlet to the multi-stage flash system.

[0015]) Alternatively a heated aqueous stream from a heat exchange zone heated by
a hot exhaust stream from a turbine or the like or a heated aqueous stream from a

turboexpander could be used in lieu of or in addition to the heated aqueous stream from
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froma water stream containing at |east one dissolved
solid using a heated aqueous stream from a conpressor

wonveEressh er as a heat source, the system conmpPCSiUSgI07/4003912

conpressor intercool er heat exchanger; a nulti-stage

flash systemconprising a plurality of stages, each of

the stages conprising a condenser, a condensate

collector and a fluid transpogt apparatus for passing

fluids to, fromand between stages; a water inlet to a

fiRenlterdoft. By lrehett Litdams BEE bk heihich:r & ih %l or any of the other

distillate retovery and condensati on systemfor

istreasnedpipragiue & heatadaaqueous sfrgamtas arhgitsourse iide pinhediments disclosed
em a conduit for passing a stream containing at

I'east one dissolved solid to the intercooler to

féldlice a Hemttewchangd mtwstnrapaqueoansiream andreithertthd itercooler or the

assing the heated water streamto.an.inlet to.the . .
ER it ot ot Py B 5 R B ek e nlpdond requisic
heateachanggi€ous stream from a heat exchange zone heat ed

by a hot aust s f turbine or the |like or

a heat ed[_§ dous S@EI}WHQ&MMH&WE be
yemd) i n | i G Qf isQr sdhbmastdbfaiam 6Oad BAbOEAERCPPME §RbRss of the
stream fragnthe intercooler. Any of these streams_coul d

pEeserd davention wherein distilaty is used fop feat cantwis fox » apultieiech gistillation
thpodREoduce a heated aqueous streamas a heat source in
the enbodi nents di scl osed above. [0016] Heat exchange

bet ween an_aqgueous stream and either the intercooler

aP019he healG e Hhavse? A6¢A0d osmbndimentof the Rigsgntgipvention wherein

IsBhvRhdPRChRl ortRaicab RS Shuktildtict: AHaGGANbSIL e heat
exchangers. [0017] BRI EF DESCRI PTI ON OF THE DRAW NGS

[0018] FIG 1 is a schematic diagram of an enbodi ment .
d9020he pr oK% 3 shgwsirtherembadiment eiithe prgsephimwentipn which includes

Qi rﬁﬁlii{s}a@& RadnSsySteRdvHi Gy usgse@h]’v&@r%f‘ﬁéit %agfuré} afl| ti-effect

distillation process; [0019] FIG 2 shows 'a second

enbodi nent _of the present invention wherein seawater

ilQ021deq f oFIChdathows 3n pmbodisient, wiight inclades g multi-stage flash system

Firebdih bidhilaBisREQOBSRoat EHARO] FI G 3 shows a further
enbodi nent of the present invention which includes a

mul ti-stage_flash system whi ch uses seawater for heat
capture; an®ESCRIFTION @F PREFFRRED EMBOBIMENTS\hi ch
includes a nulti-stage flash systemwherein distillate

ifgo22$ed f O fheaisciisaioh dF the F?E\E&Hh?}é@hﬁb@?ﬁﬁﬁ%@i throughout
EMBQDI MENTS [ 0022] . In the di scussian, of the Figures,

i eeferidhe imsetrsinilar comgonsaisg Rupherbisdisted:thatmagny pupngs, valves,
tHoR-coAdBRsBle gok FnicVal SRIPARNE BreSsurd dkchdh@brs] YapbScdlfPr&tbrs, and the
tlitllgl tne££a¥y E)uac e \t/hael ﬁ/oe\';\?s’ shown have not been shown for simplicity since such
plicity

equipment is well known to those skilled in the art.

[0023] In FIG 1 a process is shown which includes a turbine system 12 for the
production of electric power which includes a low-pressure compressor 14, a high-
pressure compressor 16, an intercooler 62, a combustor 28, a turboexpander 20 and an
electrical generator 22. Systems of this type are well known to those skilled in the art and
will not be further discussed in detail.

[0024] The hot exhaust gas from turbine system 12 is utilized in a heat recovery
system 36 in which heat is recovered from the exhaust gas stream in a plurality of heat
exéhange zones 38, 40, 42, 44, 46 and 48 to produce steam which is passed to a steam

stream in line 50. The heat recovery system 36 could consist of more or less exchange
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non- condensabl e gas renoval equi pnent, pressure
exchangers, vapor conpressors, and the |ike necessary

woaoEmlhsmye the fl ows shown have not been showRCT@S2007/003912

simplicity since such equipnent is well known to those
skilled in the art. [0023] In FIG1 a process is shown
whi ch includes a turbine system 12 for the production

of electric power which incluges a Iom#pressure

conpressor 14, a highpressure conpressor an
I Bh& 8 %ﬂéus%atﬂs El é‘§§e9 'betifeen ﬁlet\‘éﬁ?l%%fﬂ%ﬁ& gg Qo8 %nd the
an el ectrical generato . Systens o0 s typ

ike| A wvaton stream m@@r@mw |heai rmvmesyapm 3onda wi line 39otTltaecooled
t a

e%e{\g?g ditE Eig%ﬁa?géh {vvﬁltl Q%@ate L‘Q Bn%?rlt M&)’ﬁ q 11 )ésgt uﬁe recovered

rsmamv bing/5G; ysnasscd%a Staamnhirbine B at the ke whnh esrshelft toupbadtvicea shaft

SHRU7 5 EA557%, , BHI kBly R SR DB B o

iche pABGtR @f btearA and cohideishie astuted Byl the waldr cﬁﬁi’@dhﬁ@ﬁgh line 39 being

RN Ol [l o SFueTes SRS A 5o Enteeip B6 atgah will o

tgag,s\é@gshd)y,sdetaﬂat exchange zones and the Iike. A water
streamis charged to heat recovery system 36 via a

109251 39, Tﬁéwcl@@wv@do dhasg §ksifled) ins the artis dlah asegefopntherpooler 62, as
RAVRRS feBlie sga%m&amtda 9 disohdrBeoftw oSk SEAURERE 14 for
steam |1ine I's passed to a ste mturp ne of the
|comlingAnidartuimstoginanlet éﬁmiﬁ high-pregsuge smwrpssaslﬁ oAsnoted previously,
SFL SERET BT M BRRANE S8R, ERUTACHL o
a3ndduiga e graded ewlaxbw&téreanmvaenus:hmmgmdt tdehangg Hividsrimve been
39(Pgiﬂ§ recovered through a line 60. Systens of this

tuﬁfJ oL ME® PPk nown to the art and will not be

C[Dmmss ed AN neldti-affect disiRGIn AysemKizosawnoat T0Se The multi-effect

AR i o 5, 17 5, P e ghfcin

%&aé@%ﬁﬂﬁﬁauaeema@rmrfe@awffe&é ah@Warie sirnsAmaly B@bw&éu between
a high-pressure conpressor 16.

| 66
%geclb‘?aéiﬂ% %F‘ffhoﬁe)?’ﬁ‘lné‘élnltbe% econom cal heat

E[ﬂ@i’ﬁm ge s %bs%"eéiﬂ Q)?wht'%r Sb1ehhihOa 8RQIvedRElId) Qbichls sedwiter from a line
i ntercool er Fl uids are as varied as alr, water,

2 ls\/saappkﬁsisw@taﬂme Wetate disdlaterrpoler 96i da distillete seeler Y@ arimarily
fl 'indt diitilal @“iﬁ%%on{ g 83@#?18%5 'EU+1HII fog% {e@a‘f&/elg'lﬁr ltc{n}%ﬁttgﬁ, typically

temis own at ect st
sb;akweahquh 25°Fded passtd througha ling4 18 TG intst@oled G2 and c8dlingFiream. It

;Hgi\ké&ro't g% Fgc%‘asag’ it 'll'dxs% o %%@é&fﬂa?eoé&%{) b@ﬁlsHH% iGicAPEoBIiRE can be

I ous
behiamﬁntaldestlﬁﬁtkeon@nas lk(hqmﬁa hxghtrhexa}eer&tkrel m eh& cﬁlsmlltxﬂa @tream can
SoltolgLaQ théglsleag n{l%%f ﬂlf %?crc}%% T gi n%’cher ods oF cooling the

stream to intercooler 62 may also be used In distillation condenser 100, distillate from the
multi-effect distillation section is shown as recovered from the final effect 82. A stream
102 is recovered which is typically primarily distillate vapor with a stream being
recovered through a line 104 which is typically mixed distillate vapor and distillate. The
proportion of vapor and liquid in these streams may vary but in any event, the vapor
streams are condensed in distillate condenser 100 against the seawater stream and the
distillate is recovered via line 110. The distillate passed to distillate cooler 96 is further
cooled to provide a cooler heat exchange fluid for intercooler 62.
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98, is supplied via aline 94 to a distillate cool er
96. In distillate cooler 96 a primarily liquid

wdizet7ismre streamfroma |line 108 i s cool ed t 8CWUS2007/003912

relatively |ow tenperature, typically bel ow about 95F

and passed through a line 118 to intercooler 62 as a
cooling stream It nmay not be necessary in al

instances to use distillate cooler 96 if sufficient
cooling can be achieved in a “distillate condenser 100

Q00281 2 Ni ahgEtilla e RRGAL VIRis| froddesd db %t ;srba&t %m%.hat@asﬂham The

can ?)e tolerated in the heat exchan
ihaateq sesvatar ig pecovsrerk thronghifoline b4 wit Ia Pﬁgﬂom ef Qterl@atedtsgawater

25 ARl TR 458 el 1 s i
d:ys;cml | Ast wolh keewn ite thoss slsﬂcd/\m the artedm/wa'ed cdrr beradded at various
oy Syt S0 R DSy Sl s
hieongh zl Bmmlh’f ek Itdﬂﬁlelsgzhoﬂololtm useCd debiredh A Brifieyqtteanalis iscarded

at.e nd distil e. The proportion
:ﬂo téﬁ € tfiliﬂl\fﬁopﬁyél%g@ éé\%ﬁ may vary but in
ﬂmggevent Muteeffed Aistiftion aBeds Bre CORARREEE bdwell known to those
istillate condenser ;100 agai nst the_seawater stream

skidled i thei art and epegate dn g vapQE of dnodesn Feriastangss, tip gystem may be

Qll'e§Fﬁédl R CrePR R akdl Bargl'le'i fedel! ﬁJrQleP&%Lsefeegér ihé lﬁcl:” tIﬂ@ finlet water
coofed to provide a cool er heat exchange fluid fo

inayehecchenged tosthe figo effsct Ar mipy be divided betweerathe efifects gnd 'the like. The
t .l tee h
S—:gtg%?ﬁa& Iﬁ§ oi?grg%d\i gyxgéé)n l? odlﬁg eﬂ&:@‘l}? Th %{iflim\% ?wﬁggﬁ‘e%g distillation

I ne
pmtemm pamfnclude thermekdamoe sompressidng maghqum!; sapor momp@hsion or the

n t r t.he mu effe
T e RS ek i naliBh sreblol Rk i gl Bbdefi, o Sprption
tdistillatidn, pttohessesvva'i[‘haer preaent eveatided ahsidared apslicable it shese various
the. system A porfion of the .
utfofred BB etofto R Piovioudl e Prtwion'al Stesystems is
tv(aant]h@wﬁ@@tmge dkilledtilgic attse as desired. A bri ne stream
|scarded fromthe multi-effect distillation system

[
ey At ing oigodhe pEAsent. apvention, dherdistillate; shieam heated in

Siteice8Mer 67 B pasyRa iviled ARk $thLfNRIZbnd 8P Wherk &t rhssos@separated into a
skilled in the art and operate in a variety of nodes.

PaPOrPRSsstEsgmetscoverrd thyoueh i ling\P20md passedria @ est gxchanggr as a heat
esaemg@ﬂuiaaﬁ dlel RhitifcBRe difMhAdd Shbar HAS lfq?ﬁijstt%ﬁm sdassed via a line

. _The inlet water may be charged to
emft@dhe srultirgifeds alistillotionegystgar wAs shawy the wm@smmmmts of this

5 551y e G 1 . s i

ect
dhesstream is movqml lhntmgh lige ﬁ@mndna@olve prssedrte Sisst effect 72 as a liquid. It
%ﬁ{%@_‘%?%&o%’cﬁ@gtr t{'ngs? % S S ogllasbtg gnrﬁogr(l&ed t%gn%&la ésguralltg of vessels in
alknlmlablbﬂocb' ways 1fai¢snmdptAscahown,§:totH thetigwid apd dxeempmus cbingponents of

Tl R e B P BB P R byt oms. AS

i[6eB1gat ed preevimiusticym nidyde charged tooessef 725via  liny 86 MhisisGeam is
m]ﬁ(') ucecI1 ‘Q/'” “t/it d%a%f?ge asnkllrlxtler?nedla{z: dlStlllgte stream from the multi-effect
distillation process via a line 89 and passing it to section 48 of the heat recovery system
36. Alternatively a seawater stream supplied to line 89 via line 114 may be considered,
along with an appropriate flash box system or the like. This section is arbitrarily selected
depending upon the desired temperature in the stream in line 86. Typically the

intermediate stream withdrawn through line 89 is withdrawn at a temperature of about 120
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[ 0030] According to the present invention, the
distillate streamheated in intercooler 62 is passed

woOi2e07809528me 84 to a flash zone 88 where it nayPO®US2007/003912

separated into a vaporous stream recovered through a

line 92 and passed to a heat exchanger as a heat

exchange fluid in the nulti-effect distillation system

and a |iquid stream passed vi_?_ aline 90 to the
multi-effect distillation system As shown, the

8 BBSR UH0°F ARBOBE StedmHeirlgHested i s%_@t‘mnaﬁec? %E%rtﬁ&%u% '_P%em about 200

line 92 to a heat exchanger in first e

Itp gboud 3P&E: i Axrdigmusser greyiouslynthe optiraal derapasehumeforthg lstréammdepends
A @ t ' i d

f GEEDEIRACORE 18y i SRl SRR L gl Prne reum
itempaseturseid chosen rie maKinzizethereabiamyic afilization ef thei avadable heat in the

' LS | ired. .sh bot h,t .
RSt s A R S e gl
|siystem @Rhaustegas nvdhicherbul dothérvide befwasted. This strédhdchh bA flashed in flash

SR B L e ) A e g B b e 4
iof iteotidiliadnativblysbd pabat ®ackto @Rhdividialisbiond!| ti - ef f ect
distillation %%cess via mline 89 and passing it to

d00321 on 48AMIthe[OPHILIS theiss\wE hp sirparn dipmline 60. This line represents

RixhBishddpoy S/ cRdSBASHBT ok ARG WP T .

via li ng°114 ?my be consi derg%, al ong h\%]lst h%gr%hmﬁp%ssed fo the

SBpirediset B androhargpd #soxheajing afraapy ortshpplied jas a mittive sisan ¢ 8 thermal

IvapsH Bhibfedtdy! Y sel ected dependi ng upon the desired

tehperature in the streamin line 86. Typically the

i[A938] nedi aDesisblyhertomipetathrainrlinei0ds afor inearghS@ituration temperature
| t r f out,.120t o abou F

ArRE L Iaeh 2., SHPRHT MY EulerlRE L TR! 3B ot 390't0 about

t3éfiffer at ure from about 200 to about 3000F. As

o5, B s b R T PO S 1 o

fhisad exchdrge Bluitin iftebolee 60 €Thik WéddBes thé end&icytdward fouling and the
B&Frrp.er ture is chgsen to e econonic

Xi H} ze .t . .
| 253 GXCISRETHE ARhiProytsics thedesied qaqlingx nbhgsheay ds desirably
QEcovired btinBirdtdle? ¥3 hedMided ithd @duidi-effet distiiRioh PRocess as discussed to
remai Qa}ggﬁ] heat from the turbi ne system exhaust gas

wredRe distiiate. gthidyina desible pepduetdn maRY ek r eam can be
flogssped i nAlikastivehPN8 Sfbodinidat b@%é?ﬁ@eé SRR G ‘Fﬂ];._ 2 could be
bei ng made as discussed for the heated streamin Tine

gedsr In thiscoynbadiraent.cthergtis veidistilate saelew®d sineskthe seavtater is charged
| AL tyi : leoA i '

() T SRELORS b ORREIeo 60 20 L) Sk psed
dntarsasler 62 pbre saawhteroasdetmatuced, istppicallyrcoolexthamthedisEillate produced
[ first ct . nd .
DBl SOOI, e BARRY oD 0B 8L 8] Al of rctin

shangthe bse o distibatecal vapor conpressor. [0033] Desirably

t enper at in line .s;.at _or, near the .
TR0 o0 ont £ Bk 8Fef ki by Chnilf RoppRis o multistage flash
Siysterh ds khowinh eTHeanyltirsadgel flash systeinniaciBdesi aSplimaliug cflzagés 220 only a

tp%rt%%ogtl which are numbered. Each stage includes a condenser section 124 through

which a cooling fluid is passed. A brine pool 128 at a suitable temperature and pressure
for flashing passes through the bottom of each stage 122 and flashes (evaporates) to
produce vapor which is condensed by condensers 124 to produce distillate which is
collected in a plurality of condensate collectors 126 and recovered as a distillate product.

In the embodiment shown, seawater is supplied through a line 94. '
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35Q0F. [0034] By the use of the process shown in FIG
1, adistillate streamis used for the heat exchange

woOhmi7th95289i nt er cool er 62. Thi s reduces the ten#enag2007/003912

toward fouling and the like in heat exchanger 62 and

provi des the desired cooling. The heat is desirably
recovered at intercooler 62 and used in the

multi-effect distillation pragess as di scussed to

produce distillate, which is a desirable product in

EW] ar easy wifi§s %dé%tB&f fhad tf-:é’ ?tlbé(rem,%r{o %ﬁ%&%r rf?ﬂfus@d‘tlvé Bfity and
rocess shown in cou e used

drebvdtenesonld b eﬁcwwatgr, rbcnmd,l brackishatveataroerl emy gﬂ’lGSIaﬂllJ@UB helution

MRS il directly through line 118 to
?ﬁ?ercggf%@v@aaﬁgﬁﬂt his process a cooler streamis
He0S8Ed t o Thet ssawatel ér infrdductth ehroeghMihe 4 veith hrpbrttnﬂmfetﬂe water

ok PRisiTt it 0p Tt oo LB tedolerdy SR athes roled foed water

m&ﬂﬂ passta v 4 HheSS@fnt@ e Shilticiap® AaghN@beekd) eAl{ﬁ)ﬂndihfof the seawater,
stl Il at e. ‘%0036 n Fl Goz @e ;)referred enbodi nent
cPse i rRsPduse Jiski I v ghe fatteks pageys P FHOME, By e, passed to

El%@h:ﬂgé Vih 2 $ih UF6. f A AfrtheSYHGH O R4t RST 18 pseld t%lcbﬁdénggrs 124 and
stages 122, only a portion of which are nunbered ach

syangally pessad de aéleetomhafg@r 1300 cHlerg ihel segwatsr m@ﬁhwhe@ﬁd an heat
%Mah%ég 156 Yy Redt2xPRRSEFith 2 shbdrd ?roﬁ’lqme sz&hﬁh ifa discharge stream
sui tabl e tehperature and pressure f fashi ng passe
figrmod gmbaenpanden owsed to drivetanslegyis gfmatamlr the dikhreEhe cooled water
0 (o] C d

ERHERAE B 3%paley REH 68 S10ter o B Sk BRBHSES lbton may be
dobdrded, ectuinad to thie theat! mtqvexyfsectmndlﬁrm'ahehml Thcheated Wil is then
and recoyered as a . disti e, product € .
Bred FRIE Piftaes At ppot PG RS Fire shiblin fach e stages
WhidhQiPS dperdttd atal declessingstedsorie and dédiciking kanpeedtet anthe Iih@ld flows
sea is iJlustrative only and the water could be

tE? SUCHESSINE SaRSacki sh wat er or any ot her aqueous

qaisyjl on CPRd Abdli rRREcldnS BRbWE s 'L fWvbabst §§8is éEla&npnshed by
seawater is introduced through line 94 wit portion

Gharging aaersion 1f ssawpteis aea qoeling flpidetor the cfoaﬁena@ré vmh the heated
%Eh%atért}forﬂ HeHe SO e@ﬁon%%@g % ﬁp%?dngﬁr&eQQnﬁ ?r?ga% fcrled via a

passes vi a [1 ne t1-st ag
pbm@ é%és@s pap gf thetdoglingofluid hesseskta dleet condensdrs oy theiweaining stages

Eﬂﬁ\%ﬁc e di ’?%é J)ﬂe@&tﬁn é)@ fsﬁcme% lﬁ 1?%61] 2hdwd tcf‘ﬁx@&esitggea%})\the art and

asse 0 di'scharge via a
fneed g |be px;cuss@nm dtal eecepttawatedhatimany ygriatigng i the operation of such

SR8 IRckagR YRR WOhL RSRE e Pl g e
lretht aa)alﬂmnged “Uﬁﬁrskmd Hhannab}bestaang@nm ak bital abbveeam from

CPEh ox par e ine iog@e PrEF A Tl iR b ey sregm may be
o¢mdved thriolgh a fihe 82 and padsedad arrelatively low temperature portion of the heat

recovery system 36 wherein heat is recovered from the exhaust from turbine 20. This

stream is heated in section 48 and returned to one of the intermediate sections of the multi-
stage flash process via line 86.

[0042] Desirably the temperature of stream 89 as removed is from about 120 to
about 140°F, with the temperature of the return stream 86 being from about 160 to about
250°F. Desirably the temperature of a stream in line 84 is from about 200 to about 350°F.
Desirably the cooling fluid recovered from the multi-stage flash process and heated in heat

exchanger 130 is returned to the process at a temperature from about 175 to about 250°F
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fromline 60 is passed via a line 6 1 to return as a
st eam condensate, which may be di scarded, returned to

woOheo7lvesas9r ecovery section 36 or the |ike. TherbeaSew7/003912

water is then passed into the process as a brine pool

128 at a tenperature suitable to flash in the stages

whi ch are operated at a decreasing pressure and

decreasi ng tenperature as the1 [iquid flows through the
successive stages. [0039] The heat rejection (shown as
R B AgUscitapreviotsly, ARERABR! deSHBH: BMp&HRFL

port]élhon of ssgavvater lgss%’a coogﬁngﬁﬁ %itg%{)o tﬁ% i vey dependent
awomretherpracess ednditioas Mah@hkeseawat er fromthe heat

N&d t|on e ar t

Jg%‘; | ed Vﬁg%’e ﬁrloggs's ?1%8{&&:&3 gt;otv ?&% e§313§41 9or heia recoyery from
mtsse@let 62 t Hfhlso:randenmemsfoulmgt dsreoth&rrmnnammmneﬁ agehh heat exchange

of.. su sel s to
R innfer @Rt Rl eRCind i iR m e St de (AL prppssed by
died ulti stageembh procédgtiemb Rksul o Hehwnt €l8hing oftifereooler 62 and
(51?6{1 ation of such vessels are possible. The operation
€ lifese processes has been di scussed at sone | ength

€ art ifkiG £akinfikeprocdd BASNRBS a HefY XBhanger 140 is provided to
Des Ination," as cited above. [0041] By .the process

e seRWalsF asepolans feerol a portien of theadistillate a¢hichsis thearpagead) via a line
heg rt@ﬁ@éf%ﬁcf%ﬂéeoiﬂqnteﬁobl'ef‘& 8Phid @ﬁ‘eaﬂ?ﬁstﬁglhlreﬁhn?ed to an early stage of
relatively | ow tenperature portion of
tecoyviéirsjage \flasteprocss, Warsinsshawh eathe ifisst stageaver ed from t he

st fr
32‘2??‘% 4 8%5}(}1 Cf%sg{ecpﬁ egguilgh&\g c&h n??fhéafedhigr rriget deﬂcFanger 130 and
passed oo thegirotebsetonfolrh ithe bidipepdal &:ahl whioh digesdistiliatd isrrecoS€red. As

5042] laeDe%Ia{“?b %eggﬁﬁtan %fegrteﬁlggﬂté ﬁ%tén%?ln%& Het?%% in the stages

tte Whivhahey e efurhfie TiRbdIstrvamb bﬁﬁmu&ﬁd1§tﬂlaf¢9vﬁ1610]ﬁs8déauiemoved at
16Q to aboyt 250F. Desirahbly the tenperature of

SERRU SRS |n e Progess an Pi?an 't’ QYT 18 PR h%é@dhe multi-stage
[PRsh prabésy. the cooling fluid recovered fromthe

nul ti-stage. flash process and heated in heat exchanger

19046l s 1 et Bithradhe BW%th%fquF disteldation progessenryibg alul}r%tagerﬂﬂﬁl process
2BRYE uskd %ﬁ%&w@@%’é&or@iﬁ % RaE p#&k&'ﬂ fiventida, di scussed

previously, thé nost desirable tenperatures can vary
dehdent Eb@pre@ﬁdmﬁwﬁc@wa@@mqemn avhighch qombineid jegcle power
r
S in ol LEETo P SRS S BARN Fone BEMPLRrbihe ptercooter
rapd A hedt regayerlyi sygteor.  didwewerc omtsammtz:ed; rthasf othetreprh@mses can be
%g{lg&g%gﬁésﬂ’e %%a ﬁlzé ﬁlterhg%tego?rp é)rl iﬁ%&?}?]e?&%é%g%egt d'e%o‘vertyﬁgstem for
ma¢ n a desabpaatibh phaht pProcasses, can hlsorbgy de\&klpbd whn:hmmlhee either of these
fre uept c’l§ nlncsslntegl oIe{ 2adthell'tt d with
8}‘ Pl BYC HPROCT WP APCPIO STW'S O SRR (RN igEagpd with a
ebesdhmﬁl@mrp}éxﬁ By iaBomtifizihgl Beht fiom a gas turbine intercooler and a heat recovery

system or optionally only from one of a gas turbine intercooler (or a heat recovery

system). Such a heat recovery system may be used with or without a turboexpander or the
like.

[0048] It would readily be appreciated by those skilled in the art that the amount of
high quality heat required to produce distillate from seawater and the like should be
minimized. The process of the present invention allows greater water production from the
distillation system by the introduction of heat sources from the turbine and heat recovery

systems which would otherwise be wasted. The use of these heat sources from in the
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use seawater as a coolant to cool a portion of the
distillate which is then passed via a line 118 to heat

weoexeitanspsoi n i ntercool er 62. This streamis thedaT/us2007/003912

returned to an early stage of the nmulti-stage fl ash
process, herein shown as the first stage. [0045] As
di scussed previously, the coolant is heated in heat
exchanger 130 and passed to fhe process to formthe
brine pool fromwhich the distillate is recovered. As

R8P plaht 18 ﬁttiﬁeaal'il? I idpE i i
?J%e. dP.gti Tate co }Ilse/%ffg:reg rr?gfsﬁgﬁzcthgglé@és?sgﬁ %ggﬂﬁ%ﬂe@ readily
atitizeddn therpever fagtse st reans constitute distillate

' has ' [ he. . .

O o ot e B HaRl o e B o8 13468 1 a2 U e only.
tQthermudthads f g diiding theger streassor the béajonBwithie thetdesalination system

|ti.-effect distillation process, or .ih | ti-.stage .
R ey i cre e B S0 b it e B pticutar
pleesivntion systemiconfigurdtidn 47 dpetimg pomiiahsng fi gures
i trate process i i ch a conbi ned cycle powe )
Fﬂ) | | S i Eﬁ%g-?tgl?lgﬂmw ({%ﬁnh eajgaglgpq Eaast qeg.ﬁtespéﬁtsuwlsmg{y superior
\Prodebszwhigh G6Hdes bbb sBurd@ vhicH P frBfuchily £Wae hedt stdhth & produce a
heat recovery system However, it is recognized that
d@%@ﬂVHWQﬂﬁbkﬁgméﬁn be devel oped which also utilize
bes1peat f oA e drideRinRAlES hABbPiestitE BY rdfEfbR6 Yertain of its
systemfor use in a desalination plant. Processes can )
direferrgseerteadinenn dt iatrodticdieut| thatdheepmbadimertts deregbedrasatllustrative

N y .

J8Hce i 1BHER, b, RAGRSHR IV mbOELURoR SIS g posiv
avithin theistopei of gherpresentf invamtian. gdanytsuctbvaniationstand codifieations shay be

a t Very .S r..opt i l.l'y, only from one of
Do e SEME RqRUFLER & BB A IR Gt B Boeh PP EFesi o the
Soepoiag Hesatiptionadd peefycred eaibedinreatg. be used with or

wi t hout a turboexpander or the like. [0048] It would
readily be appreciated by those skilled in the art

that the anmount of high quality heat required to
produce distillate fromseawater and the |ike shoul d
be m nimzed. The process of the present invention

all ows greater water production fromthe distillation
system by the introduction of heat sources fromthe
turbi ne and heat recovery systens whi ch woul d

ot herwi se be wasted. The use of these heat sources
fromin thepower plant result in a highly efficient
process which utilizes sources of heat not readily
utilized in the power plant. [0049] The streans
introduced to flash box 88 in FIG 1 and 2 are
illustrative only. O her nethods of introducing these
streans or the location within the desalination system
at which they are introduced or renoved nay be
utilized to optimze the particul ar
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desal i nati on system configuration or operating
condi tions. [0050] The conbi nation of these features

wbasoveessbt ed in a surprisingly superior proceBeTmis2m 003912

utilizes a heat source which is frequently a waste

heat streamto produce a second val uabl e by-product.

[ 0051] While the present invention has been descri bed

by reference to certain of it preferred enmbodi nents,

it is pointed out that the enbodi nents described are
illustrative rather than limting in nature and that

many variations and nodifications are possible within

the scope of the presWHBATKERAIMED Mhany such

vari ations and nodifications may be consi dered obvi ous

and desi rapl e, by Jioge %éiulnlngqa Jllﬁllfanee tRdafn ﬁ@ﬁeﬂl L88usTstream
revi ew of the foregol né’ esc Pon of preferred

eniteidingaat least\iae Tidse8 vel silidiD d $emﬁl distiliation padodess using at least one

a d| t m from an. a us str,
contg !ﬁuQ v & elé‘?a{ea by ‘E‘F gg F e %’m?gls'inﬁ%g% ?"ﬁeqfr?aﬁompressor
dmtextcbd)lbxatanab Na [3taok eteeater sind gopaiondlba afothere hduting exdurog U el snethod

stream heated by a heat source conprising at | east one
SPMBIYB&pr essor i ntercool er and a stack heater and

optionally an oti)e lpadifdt the GqSdous GRearnt BENtABIMBAA least one dissolved
corrprl Si ng assi n t he agueous, st ream cont ai ni ng

at | e&Qid eﬁéhqamg'scew LRyPeess smmsising @kl iof ¥esselsit i on

process conpri %)%aﬁn%ﬁ%q%é&%tr&fm B’}eﬁeca%)éha&ﬁ wWiahd Rt source
an aqueous stream by heat exchange wth the

sour céo predyseadgeted @ﬂqusﬁéamsréous stream and, c)
p_ass! ng t _he heaég g Q‘che?t% Lo s(tr%ﬁ Ecﬁﬁ{ermlennal distillation
roc eas

distillation p one 0 eat

and apfasess aﬁeatelcasspnﬂeafratlmatpsupwucmdaa ttied twatéragtream to produce a
strea stlﬁ te SJJA met hod of claim1 wherein the thernal

di sti I 0N proceSS|sarruIt|-effect distillation
process. 32. The methébdf okint [1awheréin whe thermalt digtillatien process is a

di st.i rocess includes a vessel, a heat

&@%\3#&‘2 Sgﬂﬂ&f"l%?c& s(ransport appar atus for passing

fluids to, fromand between effects, a feed inlet and

a heating flujd inlet into_the he t exc n

met hod of §1 5}1 q\ﬂﬁ@ﬁ glaim 2 pibiers 3%@% pg%%eSSamcludes
GOVERSEE S5 Réat leﬁétﬁﬁé‘dﬁ an@ rﬂuuﬁtran F@n Bﬁiahﬁ@k fF phdslaMidds to, from and

wherein the nulti-effect | ati on process
between effects, a feed mlet and a heatmg ﬂuld inlet into the heat exchanger.

4. The method of claim 2 wherein the heat source comprises a compressor
intercooler.

5. The method of claim 2 wherein the multi-effect distillation process
comprises multi-effect distillation, thermal vapor compression, mechanical vapor
compression, adsorption vapor compression and absorption vapor compression

arrangements.

6. The method of claim 2 wherein the multi-effect distillation process

comprises a feed forward, parallel, or a parallel cross/cross flow arrangement.

7. The method of claim 1 wherein the aqueous stream heated in the

intercooler is at least one of a distillate stream and a seawater stream.
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conprises multi-effect distillation, thermal vapor
conpressi on, nechani cal vapor conpression, adsorption

woaproossapr essi on and absorption vapor conpreBeTms2007/003912

arrangenents. 6. The nethod of claim2 wherein the

multi-effect distillation process conprises a feed

forward, parallel, or a parallel cross/cross flow

arrangenent. 7. The nethod of;claim1 wherein the

aqueous stream heated in the intercooler is at |east

one of a distillate stream and a seawater stream 8.

The nmethod of claim 1l wherein the aqueous stream

cont ai ni ng8-aifh¢ mgthod of elatth § ydtevainl theaiqipebus strepsmoentaining at least
! t . im8 wherein the seawater is

%g%gggﬂgﬁfggp?gggﬁgﬁging the seawater to the

multi-effect distillation process. 10. The net hod of

claim9 wherein the seawater is. heated by. heat ., . .

cxchange. vt ROmEngs ol S hBiat e et s hested prior to charging

e sehwher 10 Ee rhnifitelibdtAlstiNMidpR6RSS t 0 produce a cool ed

liquid distillate stream 11. The nethod of claim1

wherein a distillate streamis withdrawn fromthe

thermal di §6.i TRt MOModPCEam StwiterSif! 1BE IsBfvater is heated by heat
tenperature, passed to heat exchange with an exhaust

§xchanger withnaj distillate streamn [drame dreeultiefiseodisiillation pragessdo produce a
dhsitd ii% gisﬁﬂ%@&?},ﬁg an increased tenperature and
t e

return ot Istillation process. 12. The net hod

of claim 1l wherein the agueous stream passed to heat

in the heat, s ] 13, d. of.

claim1 V\,hgelr' e'l?ﬁg %‘Etgb(ﬁ 82@%19@213{1h§§u}nsag ig ?g%?ngtls'gsg%ais }{'ltehggatwn from
tirectherinah disBldtied pehicsdsialt b atlectast tempenatung) passtb@mthedt exchange with an

4. Th hod | ai. wh i h
RETR 24 et B Ths ta HhEr 08 R ety Qe B etR oy freased
sanperAuieand reniriddto irdligiliatibregrbedss.ansfer fluid. 15. The
met hod of claim 1l wherein the thermal distillation

process is a multi-stage flash process. 16. The net hod

of clai m 1{ Witks iefhod BE claitel WRereii el dghetub Sifealt P£4S&Sto heat in
i ncl udes a vessel, a heat exchanger and fluid

thedicaource dpisavaeius for passing fluids to, from and

bet ween stages, a feed inlet and a heating fluid inlet
into the heat exchanger.17. The nethod of claim 15

wher ei n t ht3.h&he methad ©€ cleimmprwheesin thedwated egusous stream is at least

IR &F fﬂé?ilte%rdistiﬁgtﬁ ga%gn dml%ltna T Etgg Sealafat e, wherein the

aqueous stream

14. The method of claim 1 wherein the heated aqueous stream is heated

indirectly by the heat source by an intermediate heat transfer fluid.

15. The method of claim I wherein the thermal distillation process is a

multi-stage flash process.

16. The method of claim 15 wherein the thermal distillation process
includes a vessel, a heat exchanger and fluid transport apparatus for passing fluids to, from

and between stages, a feed inlet and a heating fluid inlet into the heat exchanger.
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intercooler is at | east one of a distillate stream and
a seawater stream 19. The nethod of claim15 wherein

woOheo7agseous stream contai ning at | east one di 860iUsew?7/003912

solid is seawater. 20. The nethod of claim 19 wherein

the seawater is heated prior to charging the seawater

to the multi-stage flash process. 21. The method of
claim1 wherein an aqueous styeam cont ai ning at | east

one dissolved solid streamis wi thdrawn fromthe

thermal di g1 14 ol 6F St s MrRheHeHod SRR A diifises 2
and passed to heat exchange wi th an exhaust gas st tFeam
icampresson bkerpeaderer t o produce a heat ed agqueous stream
contai ning at | east one dissolved solid stream at an

i ncreased tenperature and returned to the distillation

pr ocess. 2. The nmthdiocf diimlhm&mm@iqnedub atréaatheded in the

ueos.st eam to the thermal distillation
IR 5 hLISR phth R o searig A REEVIT HPUE ai m o 1
vvherel n the heated aqueous streamis at |east one of a

distillate, stream segwater ,streamand i s passed
to the mul 19-ptte I@?tﬁe‘g?f cdpials wheteinthe aauseusdregm gopfaining at least

foh@8i3sdbi- solidis séqveatéret hod of claim 2 1 wherein the
heat ed aqueous streamis at |east one of a distillate

stream and a seawater streamand is passed to the

mul ti - st aggp f I ARNmBMEE SF Tlalth 2 P wheRR tHRO%awater is heated prior to

charging the seawater to the multi-stage flash process.

21. The method of claim 1 wherein an aqueous stream containing at least
one dissolved solid stream is withdrawn from the thermal distillation process at a selected
temperature and passed to heat exchange with an exhaust gas stream in a stack heater to
produce a heated aqueous stream containing at least one dissolved solid stream at an

increased temperature and returned to the distillation process.

22. The method of claim I wherein the heated aqueous stream is passed to

the thermal distillation process via a flash box.

23. The method of claim 21 wherein the heated aqueous stream is at least
one of a distillate stream and a seawater stream and is passed to the multiple effect

distillation process via a flash box.

24. The method of claim 21 wherein the heated aqueous stream is at least
one of a distillate stream and a seawater stream and is passed to the muiti-stage flash

process via a flash box.



