10

15

20

25

30

35

-1- IN THE UNI TED STATES PATENT OFFI CE A METHOD FOR
'PRODUCI NG A DI STI LLATE STREAM FROM A WATER STREAM
CONTAI NI NG AT LEAST ONE DI SSOLVED SCLI D 5 RELATED

%@ 0011This application is entitled to @{}g
W(ﬁ@re )éiggl ainms the benefit of the filing 1:'a eszg?mﬁsmz

S. provisional application no. 60/773,045 entitled "A
Met hod For Producing A Distillate Stream From A Wat er
Stream Contai ni ng At Least One Dissolved Solid" filed
10 February 14, 2006 by M cHael J. Eddi ngton. FIELD
OF THE | I\NEI\WWQ@%n [ jon rel ates
to the produc %ﬁﬁz&g@ﬁfﬁ om a wat er

stream contai ning at | east one dissolved solid, such

as, SANROR oL PRD: pieridLSle Na WiTER
t frerme Y ONE DISSOLYED RO >
stream G

intercool er, a stack W . be l'i ke, as a heat
sour ce. BACKGROUND CF [ 00031l n many
[@801)s of (Thiz applicktion jsehtdddaownad derebys clhims o béneBilgithy filing
At 0 AT TR RO SRl ROt B
Distibite SheanaFrom A BV atereStreamn dvumtadringp AL dabicOrtel Iiesolved Sblid™ filed
PR IE 200 F B T EnlBE P00t one dissol ved
solid material. TyRIEId OF THERINUENTION to such
RS0 74 bl ol RSP HE PR 345 06 om
Weten greapneoniihitgyatdiesst bhd dissobied tsolid) rsodiuaseseawaters biiinel, htaekish
A8 dhdthd B8, 5 4 AEMaYBisilheb proRLL Wik heliEa A RSQIHES, from at
least one of 2 compressor intercooler, a stack heater and the like, as a heat source.
BACKGROUND OF THE INVENTION
[6003] In many parts of the world, potable ‘water is in short supply. Many
processes have been proposed and used to remedy this shoricoming by producing potaﬁle
water from brackish water, brine, seawater and the like. Such processes are typically used
to recover distillate from water which contains at least one dissolved solid material.
Typically the water fed to such processes is filtered to remove particulates before charging
to the process with the dissolved solids being removed by distillation to produce a
distiilate and a brine stream v;fhich is carrying the dissolved solids.
[o04) Widely used processes of this type include multi-effect distillation
processes, multi-stage flash processes, reverse osmosis and the like, as disclosed in
“Understand Thermal Desalination,” Etiouney, Hisham M., El Dessouky, Hisham T., and
Alatigi, Imad, Chemical Engineering Progress, September, 1999. These distillation
processes have long been used to produce distillate from feed water sireams containing
dissolved materials. These processes have been used for the production of desatinated
(distillate) water from seawater, salt water, brackish water and the like. Basically, such
thermal distiliation processes use one or 2 series of vessels (effects or stages) and use the
principles of évaporaﬁon, 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 cominercially to produce distillate. Simgle vessel systems are more
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0006] The thermal efficiency of these processes

dreqrently denengsepmon Sorbilith &0 pRAR dFat Jfomy, & Lave pOST S0 gegple the

URpYratib® Th® MBstity SOhRIwaldR i e SR vesklie 36 prriaceths distillate
require a heat source to supply an initial source of

seamemigdlleh is carried through the systemto produce
i} I onal cfipdskdr! MkefcdoRrse @eNcoMimdnie uyels ieless cdifipressors, air
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multi-effect distillation prace s. Jhe. co [Ci .
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enabl e the 15 evaporati.on and flashi f.th e
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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



whil e conpressing a fluid. An intercooler is a heat .
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and a feed water streamto produce a distillate

stream 100111 There is disclosed herein a systemfor
producing a distillate streamfroma water stream

contai ning at | east one dissolved solid using a

heat ed aqueous stream from a conpreéessor intercooler

. as a-heat source, the system conprising: a conpressor
Ji-nt-ercool er heat exchanger; a nulti-effect :
distillation systemconprisithy a plurality of

effects, each of the effects conprising a vessel,.a '
c dﬂﬁiﬂﬁns er There ¢onlde dsabged cobiiseot for penddcisg 1l digtiflate stream from a

gort ?(gca?x{lggt lélts Ieggrorﬁa%?so{lfg? SLI'TH ﬂs?m%% he{a{eﬁ rgqg&qE stream
'mfjtom 2 COmBTOTETIOEREY o8, VSR I SFE, FopPtiag: » compressor
I GROVRIY RRGERANENS il By SisaNatibo systeaC congirising a plurality of
distillate fromthe nulti- effect gIStIHatIO ﬁé ot
anaeo@agmhr@tbp ¢fEoksi COPPEFNG R FosiFls ? P SYRanesF fid dfotspo

fus! 1B \8ds thOrah BstBebwen Rffekse &b Wit tinlbd to b €eed inlet to
st eant and, .& .conduit for paSS|n t he heat

it et sindepon e eI e 9 Epifpten sysem or
d a Sc*énbg éﬁsaﬁatémnemb matt-e k@ QA stérs; @looruir o passing a

7 a systemf roduct n ad|S|IIa ea
fﬁm@%ﬂ%%@%ﬁﬁ#é’éﬁ?ﬁ’ﬁﬁiﬁ? odjes {%‘F@d"aﬂ '

H&i, QoGB! REsALINE abaecswaamiﬂ BMandnlEORHeaREie Tect
|nteré er as a heat source, the system conpri SI ng:

: admﬁhpp@m:ﬂ i ntercool er heat exchanger; a

.n‘w{}ﬁ ef f gflre qlé §ltsé Idisé!bée@rh %M&hﬁfﬂr @ediptihg iandjstidlate stream from a
rality of effect each of theefectSﬁegggrlsm

awv@;; g@qam gonpp@:aqlg étx n‘t}}’é’r éﬁ%}"‘% splll uang raa retqueo stream
aﬁﬁécf%{ﬁprﬁ&r RARDb \@gaé b yeadSsobe, the %eﬁn&rﬂbﬁﬁmg & compressor

awater 1nlet to a f eedlnlet t.0-

* iftarpoolst fhes texelianeer 4 amltbiipasy sl istem ‘iﬂ’ﬁ@f'?% atPBmhfy of stages,
e a@gs Real { QRIS SRR O cdrEie colfeGtor and a fluid
ate

“drsti romthe nulti-effect dlstlllatlon system
atranspattianpatatys frossingcfividsdey ™ é@?”" afeed
L e R e ”“W‘@ e for
ui [
hesavvsingaisshate troen o Bl A (P Gk GRS B of the
dhéﬁ“ﬂw t?tah ‘ﬁﬂcﬁy %%rc&tgg']tg ﬁ&e&ﬂe&e@ﬂ:&ﬂiaﬁls&ﬁuﬁiﬁﬂ a@donduit
system producing a distillate str amfro a wat er

stor passing ﬁﬁthaaw digiliate streasio aaﬁ‘éc‘-“&? e ppifstes s @S ng
a[S t ed UL QUS55 Lk 8N fol el ©P BFRARSSOR distitlge e from a
a

heat ‘source, the system corrprl sin ressor
i Wattresteon| eontapingt atelvesh g clissobedysid us §‘%a@ Defipd, agpieouns stream

Siifé&;ea% dr%ﬁ&oalepwa%}emt sousé, tgi 2BRM, c@@ﬁbinsifa édipressor

‘stages conprising a vesse condenser

cinieoelen herk RN BRIt SRS b PAIDC P dpees

fl-ddb Q;g ﬂ{eos'm tEg fgﬁl?ﬁﬁkgkae&dﬁwﬁl : ?ﬁh&&aﬁf | nsatg c\mécter ahdd @bidtteansport
afeed inlét to the nulti age flas S -
CHRPBTRILE v escing S §o- RED B8 RESHELTIER, 2A IRt [0 Toed nlet o the

I GEB%Edok st kyStdnl; | Abmtiateorchveey and didndesmagm spdtems for recovering
%stem and passi.n ggga:tlon of t fo Stilla &l to %mmgat

piliate o e mpltiwtogsd SRSk SYRE™HP SOt é g

ﬂueﬁc |ol(’le: a%ﬁs@olﬁelfdlr SFllto ahél intdcaderdui groducr a rhemi wafert $tweam; and, a
eated distilla to

nANERIL F pageing ﬂlﬁ@?ﬁ%@f*@ﬁ'ﬁ%@% i o Bl fesh system.
d[uam] osed Anspistively o atep aqpatoes strganafroth  hedt bxachangszone heated by

fr?l ust stream from a turbine or the like or a hested agueous stream from a

(D/:"
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usi ng a heated aqueoui's stream from a conpressor
i ntereool er as a heat source, the system conpri sing:
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multi-stage flash systemconprising a plurality of
stages, each of the stages conprising a condenser, a
condensate collector and a fluid transport apparatus
for passing fluids to, fromgnd between stages; a’
water inlet to a feed inlet to the nulti-stage flash
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heat ed agqueous stream from a heat exchange zone -
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R®&ESsource in the enbodi ments di scl osed above.
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like necessary to achieve the flows shown have not been shown for simplicity since such

" 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

25

30

production of efectric 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 skiiled in the at 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
exc;hange zones 38, 40, 42, 44, 46 and 48 to produce steam wﬁich is passed to a steam

siream in line 50. The heat recovery system 36 could consist of more or less exchange
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it is noted that many punps, val ves, 20
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steeamdn intereqoles 6% max plsy e wad sl diislatioa spndepser 10 distillgte {eom the
FORMFLOAEIRAE, Sdeiidd 18 Shdwh 4shBcodbred AbAARY firtl SrEc£ 83 Afstream

wat er containing a dissolved solid, such as_seawater
102,45 zecoyssed 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 distiliaie condenser 100 against the seawater streamn and the
distillate is recovered via line 110. The distitlate passed to distillate cooler 96 is further
cooled to provide a cooler heat exchange fluid for intercooler 62:
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20 98, is supplied via aline 94 to a distillate
cooler 96. In distillate cooler 96 a primarily liquid
distillate streamfroma line 108 is cooled to a

Wé;@%ﬁg@l y low tenperature, typically bel ow, E‘E@Hiﬂﬂ%&ﬁ%z

passed through a line 118 to intercooler
cooling stream It nmay not be necessary in al
instances to use distillate cooler 96 if sufficient
cool ing can be achieved in %,dlstlllate condenser 100
or if a higher tenperature T the distillate stream

5 be A h exc f
n 8elrzcool er 8%@5&% }r@tﬁgg% o 22c%’oepo %lg“t sgh%? r‘g%ﬁ?? The
heatddnseawaterols ewcoﬁﬂ‘ed‘rﬂlyot@h solileel 1d gxith. a pm'ndm of itlel lmblied seawater
[l ate f | ti-effe er
SRBF FRES] it 8 34 o S SO BB 4 Pt st
fystearl. A fedtkn8@n t\tiobe galindlid 2hd ot rihis ovater eah b added iag various

BAPSP . 0 B R ERSERPYr B B ey
thr(xleu ading 116 baxk do theser oran dtheli ust a3 destral, AT hnne(ﬂream is dlscarded
%&R&{) B8 d}éﬁﬁﬁi’on?yk?eﬁrl LigYf {g8 these streams may

var Ut 1 n-any even vapor streans are condensed
Iﬁﬁzsﬂl stil mm-eﬁmn distillion 50Genmgad casiderd tsleaweit brown to those

TRt SEopeicdl 3 Tl Bt RS 68 e b By may be
flesignid ps « God dutwad, pardic &ed,a:acadid!cmss Feedior the dfien Fhe inlet water
LYl B2 068 P,  pab R L .
siftrc@samv Bheriewed dorizetalintoe veitically e bo edsditéng. tmttec@ht distillation

/Stons ép!:é ifdnfdd htﬂt]arﬁglr Hf?ﬁ c&ﬂsprgsgﬁ?,ﬁéé&ﬁcﬁ %@ﬂ@ g@%’id}gm the

throug et Wat er’ stre
likee Othet mubtiteizct distillotion $ysteins nansleshased upas abssrptiok o wisorption

ﬁﬁuﬁﬁ% gaoggﬁgg e“flhé £ ifbdtion! lp 'c?nét: 2% La?ﬁl?cgblg %o %Lg@%nous

varl olntS or at a sin In the
s»p!;t-%ﬁwt d!stpbmn gystewy$. Asodipaterk m@m@ebmﬂ;c eperation of such systems is

s ﬁ%&g@m@g s re% Lnxne 116 back to the sea or to

er use as brine streamis discarded

. 10030 t he dwbardingf oeéhe gresent | inymtions by sdigifiatei atream| jhpated in

HBeoole? @2% ;L\Mea 'v1aei fu?ecﬁtt tg'asﬁa'sﬂ hﬂe 88 '&rh§ﬁé‘°i{ ﬁﬁ?b@&ﬁ?ated into a

consi der ed known hose sk I n
&#PPT%%FI aﬂmwav\@rqdﬁh@ugla# iliag 92 Gfid pessrdsto aF!@ﬂat ExeEMgaCessa heat

ABard¥ FHafl T FRYmPIE-eHct GRANISHNE Sydsin 2nd £Efid Mﬁ:ﬁgsed via a line
Earallel feed, parallel/cross feed or the like. The

O e the iy e thos yisilationsvefem. tAs $AwNS the ypposgus é@wp@wnw this
Qfaftiavd SRfbel 0l BB 102 EJ‘z?h&f é@ﬁ&@eﬁﬂ @hrs& Bect X erheT1lABid portion of

effects may be oriented orlzonta |y or vertically

i StEAEn s reAversi Abroel i 20 andmay b PAHR Ty effidl pespliquid. It
%vnm!»elmmtb&r Mthésa BiedarmB QHd BSiitr&dhced 18 GRAGH aGMlralitA B¥essels in

ressjon Qr t like. her [tj-effect
APy ofwagn é&?@fegnés égﬁ‘}“b%"‘g é*gﬂgglﬂﬁfaaﬁ e yapsr s copRpgpents of
ﬂﬂiﬁéaﬂiﬂr&ﬂ lidbokirs thakdedtd frdt gFfecRSSES. The present

' ntion.is ¢ nS|dered appli gabl e the
T 01 Ao Cracs 7Y b At S oSk 1§ 19 B g TR Stream is
Priodie® Uy Writhidhevia) enaint@inediite Sdistllaky stani fiom W |muiti-effect

to th lled th t A di
5Nt Broeat e & Trrctitnd pestina: 8 sseiop [ PE Mo pigove sysem
B qABenativelynd eawated etea Auppdied HBISBCBS)\MI&HIIE i lﬂnmy&é doasidered,

Rt " G e b T 08 TRE b8l sletes

frponding tupom tive desitest cﬂqsangetrlream wEhWemch@m 6 f Typichily the
{nforhBfatd Wrdahy Al dRFn di.loagﬂ HinleO0l i ORitiRY ATy 8hhefndrd BittibHut 120
Sstream passed via a line 90 to the nulti-effect
distillation system As shown, the vaporous

conponents of this streamare charged via line 92 to

a heat exchanger in first effect 72. The liquid

portion of the streamis recovered through line 90

and may be passed to first effect 72 as a liquid. It
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25 w1l be understood that these streans could be

introduced to one or a plurality of vessels in a

plurality of ways if desired. As shown, both the

[ QL nd the vaporous conponents of the s
Wq#oﬂlgbgg?gare charged to first effect 72. [OO%&?&QD@I&%H

second stream may be charged to vessel 72 via a line

86. This streamis produced by w thdraw ng an

intermediate distillate streamfromthe nulti-effect

30 distillation process via®t line 89 and passing it

f t he heat t 3
%oatbg'?tﬁg i ve’?hy AR {ngﬁeaéid: gg‘%/% %%8; %éegnngfe'éé;‘frf framghout 200
toi aholiti 308°FL 146 dimyssbé previossly] eifecghtimal tomperatinge Horathe stream depends
h th
SG(@E ORIe %Iu%e(; b‘??} io@? Sulfol sy aﬁéwxa% e‘lc:nw%'ktempergturt.as The return

Ion 1's a arlly Sel'gl% pendi ng on 't he
Goperatuk isehpeen d magimize thi econbmigailizatioh iof me%a:lable heat in the

' h t Wt h
DA e ) ST Wy B RIDTY SR D e
sy8temt exhaisiogas whith WVOMdtdthdrdme be wastedh Bbis Etyeahﬁambel flaghed in flash

355 28 Vi 5 ke ShSATRPhll e o R e el A e 54

orshgrmideeitematively betpassed back donthel idivithisl secmonh e fuel

pg%%ed W' tﬂrdnéf.\ggﬁéﬂ ﬁent&% 811 e ;ﬁl‘etargvﬂ'oﬂgllﬁe "This I{ne represents

erat ures ure 1s c oséen
MMmr ambcoadmmmuunbbewdenﬂ OFhig meua\tmyl belpessed to the

BREdreel 72 40 Bl eafiiSenlon b bl A E SR T gl
vapot ecompeestrarust gas whi ch woul d ot herw se be wast ed.

' stre
R0 Ceparay pbf Pkl b i 3briBll bl hlrunc
ticthe dist sfiees 2y | Similanize the 4erperdture do lihel 84 list fiom about 09 th ebout

ed back to the individual sections. [0032] A

urther option is the use of the streamfromline 60.

[PA34 | i neBydsruse efithe proceseshiown dn Fida p.or distilldte styerteis sseddor the

T
L B IR Moot 637 i SUIGEO TENlenf AT Bl P te
bire inupest icaehapger H2nand m@wd@r?eﬁm degireg ménmalTMalpv@t is desirably

ﬁeawea%ﬁﬁim&fmﬁm ARhYmbRertQ MR AtH ?)Focbgg ak | aie:f%ssed to

is at or near the saturation tenperatu

Pfh@wﬁ distillate; hichtis grdesirabilewrpdict in mang aeasper at ur ein
{onsya 84 i mtéﬁlsﬁve@bgﬂtem%g&mm ab:ﬁy%m&”@ Wbwn ﬁﬁflﬁxoum be
use of the process shown in ., dIS

wed-e Bhfliissempodiment thare, és noedistillatecdenley 86 fipes ihe segwater is charged
glgyﬁﬁrﬁ.g&@n 182 usT B Sk ReKRFEs Bl FRERDE ¥odIQWREA is passed to
intercooler 62. The seawaber as infroduced, is typically cooler than the distillate produced
in distillate cooler 96. The seawater may require more costly materials of construction
than the use of distillate. .

[0036] In FIG 3 a preferred embodiment which comprises a multi-stage fiash

system is shown. The multi-stage flash system includes a plurality of stages 122, only a

poriion of which are numbered. Each stage includes a condenser section 124 ihrough
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 fo produce distillate which is
collected in a plurality of condensate collectors 126 and recovered as a distillate product.
In the embodiment shown, scawater is supplied through a line 94. '
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i ke in heat exchanger 62 and provides the desired
cooling. The heat is desirably recovered at
intercooler 62 and used in the multi-effect

W‘S?@%’H ]lz@tl on process as di scussed to 20 progé‘f/%szoomosgu

ate, which is a desirable product in
areas. [0035]Alternatively, an enbodi nent of the
process shown in FIG 2 could be used. In this
enbodi nent, there is no distillate cooler 96 since
t he seamater IS charged dlr@%tly through line 118 to

rcool gr t hi I 00l er_str
IO GO0 o il Be bt AR B denl i3t B8Rk only and
nhmtwa:nd-uccmu b ssetyquere dking, brackishr wathnor tahe oties tdqhdoas eolution
[ n di.stillate cooler 96. The seawater ma
‘%&%Hﬁ‘??e&j‘?%‘?’ &’E%tgf“fﬁy materials of construction than d
[ohdsjuse oThelseatvatel &t imtroduBES tirdugh Hint B \mt}pa@bﬂioneﬁ the water
nbodi t e fla
s GRARR T ol 118 R0 8 o onlst LA Prn ke B Wer
which pissdsyvizod lind 840 ﬂaezqultesthgs msbpfobese.n Agfortiuni of Iﬂueatemrater,
ndens r secti

I’Tb d.
SHHBEE B or iR lhR9 5 S ok R flr SRRSCRL Blouh Rk BF il 1o
tﬁzsnbbrg& 2B adine 216 LA ﬁmihb@ottmmé ﬂatsemtea mmemwdens‘emlzdf and

e

@omigrrsi3d by \hegemnclangewih &Qzﬂeatnofrcpn hnhﬁﬂe mdhmhtxs 4 bisgharge stream

160 bl £5% o o B Bt bohefor BPRPIREHEE cqnled water
ifrtnmtline @nlbcnassndswia g fipevt] te etwait & a sisarg u:pqnienatk whrcbugty be
dneg rgt ed tc? the gﬁ%zclofvéry\%ﬁtmn § t’&g“?ﬁ(gt 9‘9 ﬁ#ﬁ%ﬁp % then

ence 1o Seava rve only
maseé rmto thel pﬂodas Bsadwme prol 128 ﬂtnetembﬂautcl ssitﬂbleatb dlashoin tiensyages

PlS iy PRUBEAR 2R b RBR Rl RS 8 cle FFRRY o

taropgh the surcesbive Bagesat er 5 bei ng passed t oaline 118

' d d
8oy v o Fd Ak MRS IREAOR B B AR B UE-DARES b
shaigitig- 8 pagion fdf aeawgseroases soolig pivid ite rﬂleoéonﬂmﬁs e'athathe rheated
% agesi?&‘g gl{es e \Al;r%%&% s%ést l')elnlsg%h Sba{t rchs%%@ ggagnri %J;Sa\# 1%&}0%9 via a
lirier136 a4 part oﬁﬂfambmﬂqubpassedmo the cordensem amthe manmgpmgeve d
@Gﬂondenﬁﬁ%@ %;&n SR VERLIN Rl e 181% %hh 38 the art and

anger re the seawater | S eate In
need pot be discussed in detail except to note that many vanatmns in the operation of such

vessels are possible. The operation of these processes bas been discussed at some length
in the article entitled “Understand Thermal Desalination,” as cited above.

[0041] By the process of the present invention, an infermediate stream may be
removed through a line 89 and passed to a relatively low temperature portion of the heat
recovery systern 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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10 exchanger 130 by heat exchange with a stream from
line 60, which is a discharge streamfroma
t ur boexpander 54 used to drive an electric generator

W(PEBGI}I&)% égi ke. The cooled water fromline 60 \%ﬁ?ﬁﬁﬂ‘”n
Via a f e

I'ne 61 to return as a steam condensa
may be di scarded, returned to the heat recovery
section 36 or the like. The heated water is then
passed into the process as a brine pool 128 at a
t enperature suitable to fla%ﬁ'ln the stages 15 which

PR R 0w e Rl AR ity B Rl mfrs S Ve aopéndent
mmﬂ&spmeessmgmnsa[sﬂ(ﬂ&ﬂlkihe heat rejection (shovvn as

t I t hed. b
10980 on oS NERAES iseRa TR ARG s e B e FecTery srom

inomabeles 625 Thistdan trésaithie didilg De afiat eontahdimtivi be tHedmbt exchange

PSS in BrfouRE 83 gv i B, WL b b S o fmen by
the mtﬂtl-m procdsky dt mopneiadise merd freqhdne clesimy ofiimtercooler 62 and
éég [0040] The operation of such vessels is well

Wh

to those skilled in the art and need not be
[#044jus s ed In FiGdie simiilarepeomp is slowndine ltehab;clmnmt 140 is provided to

B bl B R, OBFR RGP orile BMIR BRG0s Pl o e

tliSsto Ursatedcimnhgesiorimencavient 62. i This dweamn st the !ettmvailtd) Eeehrly s;asge of
T ove

PoBPE B MRS bR e oS O T on i

[0R$¥r nedi as dlssusseiamvmgslm ¢her @niamelsl hedmdaugieataexbhan@rago and

ﬁlgedq:gﬁ [?roéegs % :trogn %e' %‘?Aefgo]\?\%\(’)rﬁ SRR rhtlgeaél stﬁia%?ié&eg:\gg

ecovery syst erein d
showm thé mm auhttes 184 and 8éuare |r¢tm116£tlp tﬁﬂﬂlsﬂlaﬁe rceﬂattm'ﬂn the stages

qg!? retur
I'n e(?‘lﬁ%é e se i'ons o ﬁﬁc{mbtu T.IS age efngglgovedat

:I

vdrigud §tages Bﬁhe POcdsO Bt sBid fir theeds Irqcovekuetotmm@:rimtamaxeaﬁultx-stage

ﬁ&s%nﬁ;?d@hs%g as renoved is fromabout 120 to about 140F,
€ tenperature of the return stream 86 being
PB45h abouEities thet multibiget digiiEioneedessadyithe milti-stage flash process

Lol 4., s fromabout 200
%@%ggﬂt %@8@“&’& r%@rﬁéé}ﬁ%ﬁtg%gﬁ? ng fluid recovered
W%Tﬂ] t h e e preceding igutel é@ﬁrq@v opreeess invhidhaeroadineh cyvlzepower

e rrp A a tei!i %&Lh gfﬁeéﬁ%ﬁdﬁ% ?}65&;% gﬁlgag gréé aaéai gnrbme intercooler

aidgh deat m@vwws%ed}lpwew,omﬁ yecogriied that otlens qirecgtsese can be
&&&Bﬁéﬂﬁﬂhﬁﬁsu nzefme Het sel?oozrﬁﬁ &3&%:9&&9&? System for

condi tions an 1 ke

e process
e de aégse@wa%p'ent Foeesics ean %sowgé%veﬂwpd wtigh upibizecnitien,of these

HcaPfBuldet CEEAQ Hocld ma I?ﬁ&udﬁﬁrhuﬁﬁt? Himtle pdwer glﬁhﬁ iptofited with 2
ot her _contani nati on_o heat’ exchange 5 surfaces

Jesalingion Rl by plse vtilizing lieﬁfeﬁq'm R gas Wf’!eé“tﬁlﬁ@l‘?éa%flﬁﬁt recovery

S8em d)xso;fﬂ%ﬁﬂbr' &nsa TRAE DA Af BYpak RELEY iktbro8dIAI@r fal B8 recovery
pr ocess, result in nnre frequent cl eani ng of

ﬁyﬁrp@) C%HS"P élheeé zec,gﬁcay Fystem mpybe used with or without a turboexpander or the
like.

[6048] 1t 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 inveniion 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 beat sources from in the
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[0044]In FIGA a simlar process is shown but a heat
exchanger 140 is provided to use seawater as a
coolant to cool a portion of the distillate which is

“KSQE ﬁﬁsed via a line 10118 toheat eXChangﬁciEsmmwmnqu

|ntercooler 62. This streamis then returnedt
early stage of the nulti-stage flash process, hereln
shown as the first stage. [0045] As di scussed
previously, the coolant is hgated i n heat exchanger
130 and passed to the proce% to fonn the brine poo

e ered. As shawn, the
Tl fen 85 b oo ol SR B R it RS ook Ry
dﬁkwmldﬂwpmmmbhmbtors in the stages 15 to which they

retur n i1l

Rith s TRE e BRI ol PO h P d ol e fcfncive only.
pittec asthodavef mtsﬂdcmg)medeeaeamse)r@ndot;mOrowmum tiediesalinstion isystem

s [ O h he .
B FRITH e, 3 b G VP Ty 1kt bl pticar
{i¢salidatips sysiemsongwdtion asepdraghg eantlitiosd. y according to
prese [ 7] [

[B012E o s, EMBAOR b o (AUALINRD FeslBOHd Al eierior
proggss wihichutitizeg adieg Gownie Whigh d;efmtwlﬂualmnte yhb:a mtreab:yto produce a
%&%&ﬁﬁﬂ@b%ﬁ RML&on1a gas turbine intercooler and a

eat recove ? system However, it is recognized that
088r pr o&ésbe@ pxmntbwvedmxﬂia@pwd desariledd by Irforensts itd ¢artein of its
élléﬁnja& @P'Ab&fiﬁ)lgﬂt?rit is}t{@% (fdt ﬁ'n@q;/m dlﬁielll}g géscﬁ@eﬁ%eeﬁm:,traﬁve

ystem use esa |on ant Focesses can
withep thee liheiting dpeeturetand hhatltmalnv mnmonh end phbdifitesions @6 possible

o

pingidered yabwab@mndtdemabk iy thesatskifled in the g based updmereview of the
y systemor optionally
hﬂ%gﬁ%ron1gﬁgngfﬂﬁggggmtur %ﬁ% intercooler (or a heat

recovery system. Such a heat recovery system may be

used with or without a turboexpander or the like. 30
[0048] 1t 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 m nim zed. The process of the
present invention allows greater water production
fromthe distillation systemby the introduction of
heat sources fromthe turbine and heat recovery
systens whi ch woul d otherw se be wasted. The use of
these heat sources fromin The power 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 FIGs
1 and 2 are illustrative only.
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O her nmethods of introducing these streans or the
| ocation within the desalination system5 at which
they are introduced or renovetZrmay be utilized to

optim ze the particu i hat i system
configuration or opé%§£$ﬁ3§ggﬁgﬁ%tﬁﬁ§: [ 0050] The
conbi nati on of these features has resulted in a

surprisingly superior process which utilizes a heat
source wii chA instHodetpngmoduging awvalstiath sticamt fremnant aqueous stream .

produce a second val yabl g, by-product. 10 [0051] Wi | e

coRRAI BGH RO BRE O SHAEP O AP 1 BB Bt LA fdeast one
| Theafodnived: Bk Eshe TR QB PRYGS intblcoblSr and a stack heater

he%%ﬂ%?%ég%o%}%%at th enbaodi r?ents dgfcri é%d are . : )
asid hess tsoatce \aed raptibeallyt hdwated miream grom anether beadsdurchathe method

many. vari ations and nodifications are possible within
COppESYeope of the present invention. Many such

variations. ang inbith@hd RPSs ARYMRBnERNS AeéLtone dissolved solid

obvi ous and de%?%gg%e bgqthose_skilled in the art

bas ed a thzomaladistdlziiewpofcessronyBistngradoiliiy od@ssselspt i on

of preferred epbodi ments., - 12 - I | S CLA RS
|. A method fgﬂﬁagw&?& Figeasaren pY vy eé?ﬁ?aélgﬁw"‘%l\ﬁ%gﬁ? Kt source
aqugQ PR datd SR EORuEY si8adl algeast one di ssol ved

~solid by a thernal distillation process using at . o
| éast one heatkoassing dus hetted agvdesatsBertbyioathe | therstal distillation

‘one of a co essor iptercool er ‘and-a. stack heater. a .
o hardooelogi Gblaaos o Gk 9 R adredd el TR, tooduce a
anotfhgiiaReatamour ce, the nmethod conpri sing:

a) passing the aqueous stream containing at |east one

dissolved solid to a thermal distillation process

o< 20, BN Bt o MR s

- milf-ePlOdifRlBoNpRiced. aqueous stream -and

C€) passing the heated aqueous streamto the ther mal
distillation process as at |east one of a heat supply

and a feed %tn%th&i of ag}rég%gg%%ﬁge&q{gi H%Fg?ﬁrﬁ%lproce'ss includes

stream 15

2 W eh Redth&chdipeimahd MR trhhdpatti parptus des passigaluids toé from and

mul ti-effect distillation proces

cess. _
- betprren wfetibd foed inletiand 2 haptmedind fie intp ghehgat exchanger.

25

- 30

35

di stillation process includes 20a vessel, a heat
exchanger and fluid transport apparatus for passing
fluids ta, Thegmeiasd obehire enwietdir desheabsduaedtormpirises @apampressor

_a heating fluid inlet into the heat exchanger.
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 strean.
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4. The nethod of claim?2 wherein the heat source
conprises a conpressor intercooler. 25 '
5. The nmethod of claim?2 wherein the nulti-effect

w6 bGitiobd2gtt | on process conprises mul ti-effect PCTIS2007/003912

distillation, thermal vapor conpression, nechanica
vapor conpression, adsorption vapor conpression and
absorption vapor conpression arrangenents. 30

6. The nmethod of claim2 whegein the multi-effect
distillation process conprises a feed forward,

~parallel, or a parallel cross/cross flow arrangenent.

7. The met hod of claim 1l wherein the aqueous stream

heat ed i n 8t e pusthed of glsin & whpwsingthe pqusys sjeam gentaining at least
gi'»es&i%]sbivéa SndtyLamand a seawater stream  -13-
T

1e nethod of claim!| wherein the aqueous stream
contai ning at | east one dissalved solid is seawater.

- 59. The ot R nafnof bALiDs WHGEIR R shdwte 2NABE pridrio charging

heated prior to charging the seawater to the
theiseqwater focthe myitisaffeptidistiflgion prosessss . , 10.
The nethod of claim9 wherein the seawater is heated -

by heat exchange with a distillate streamfromth
nul ti-ef f 48t ‘Bhesmethpd ol shaipr § Adsesin Hlep%\ﬂ'%’elsahef@g by heat

%&ﬂ?%g vh#,hoéj ifdei it bebehn O din Ble R@ifleffect distillation prockss-to Pfluce a
nmet hod o

d ol claiml wherein a distillate streamis
opdleddiquiddistitlfpstredm. t hermal distillation process at a

~sel ected tenperature, passed to heat exchange with an

exhaust gas streamin the stack heater to produce a

heat ed di d#i Mhamsthed pEelaimnl whereinfcfigillseftrgan is withdrawn from |
Elhg'{iil&}{qéltdi'sftmmdpr&%&% Re&ledicd lforshng] pakicatd Rt HLRMESHith an
e

net hod ‘of claim 1 wherein the. agueous stream

(ot gas e i the sagkheakpRPradyny & hesfed disiligie fiemm abyy lcreased
%&Eﬁﬁé‘&ﬁ%@h&itﬁe distthirbeekdie heat ed agqueous
S

stream 1 s at | east one of a heated distillate stream
and a-heated seawater stream | 14. The

met hod of 16! giEmkmel F Blafh | FcRAALS ByuRGkaREs PissaPtheat in
is heated indirectly by the heat source by an

thetheatseupeis seawalt- t r ansfer fl ui d.

"13. The method of claim 1 wherein the heated aqueous stream is-at least
one of a heated distillate stream and a heated seawater stream.

14. The method of claim 1 wherein the heated aqueous stream is heated
indirectly by the heat source by an intermediate heat transfer fiuid.

15. The ﬁ:ethod of claim 1 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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25 15. The nmethod of claiml wherein the
thermal distillation process is a nulti-stage flash
process. 16. The method of claim 15

wolBsAokss e thermal distillation process 30 pcitflsdsiesosorz

a vessel, a heat exchanger and fluid transport
apparatus for passing fluids to, fromand between
stages, a feed inlet and a heating fluid inlet into

t he heat exchanger. -14- 14- 17. The nmet hod

of claim15 wherein the heat sour ce conprl ses a

- conpressory4i nt’xﬁéclg&hv\ﬁi;nf.cl 15 wherein the b mcﬁcea({mé;gses a

nmet hod of cf aim1 rein the aqueous stream
icompigssopinierpoekeool er is at | east one of a distillate
stream and a seawater stream 19. The

nmet hod of claim 15 wherein the agueous s containing

at | east dife Biesmiethoddf claini V7 whercio dhea aquecus102@n e in the

T80 Ll P ORI e a3 SAB Pk, et e

arg ng seawater to | - stage
fI ash pr ocess 21. The nethod of claim1l
wherei n anga 8231 [Wp¥ &lus
di ssol vedqgoﬁ?{g&gﬁ?ggn I'S 1\% ?";“‘m romthe tﬁaﬁf?‘glaﬂm _

enedisdolved salid ipseowates at a sel ected 15 tenperature and
passed to heat -exchange with an exhaust gas streamin -

a stack heater to produce a heated aqueous stream
cont ai ni n@lat The gwthod rd cliiimsky wheteis ghe deasmeeaﬂfrh@tedamor to

%ﬁ?ﬁa%&ﬁﬁpﬁ{ 4 16 ﬂﬁsﬁtp%cgs%d to th

t1on process 22 The net hod
of claim| wherein the heated aqueous streamis

passed to 220 Th) Snckfdg" ?@i??gh %E:lein%ﬁg%b B{&%ﬁﬁ%ﬂt@%n@at Jeast

flash box.
whedisiotved belidsream i M@wmsﬁm the ﬂmmed digtillation process at agfelected

pg@e g‘h% Eﬁ{ﬁas&ﬁ%??l ple | st |“?tltéa‘?|§%%ﬁ1ﬂ{;@od£a§§ heater to

\produaa a lheaséd dqurous2Eream contammg at least, onghdissplyeh enlidofiream at an

M]@;g reamis at

I ea E:E}hre%?:ﬁ} P?‘?& @g‘gm ég%fﬁa seawat er
stream and Is passed to the nulti-stage flash process
via a flash BXmethod of claim 1 wherein the heated aqueousstrw.m 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 js passed to the muftiple 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 o the muiti-stage flash

process via a flash box.



