"Appératus and Method for Inproved Desalination Field-of invention _ The
cinvention relates to the desalination of. saline or brackish water and 5

i ncl udes the nethod for processing and enhancing thenmmm,’mmm wro produce
water at |ow total dissolved solids. Background Desa M been t he
practical solution to water shortage pragblemin many 10 gk« areas of the
world. There are several methods for desalination and the desalination:.

met hods basically cap rgfusg?,qa iM&Hhod fo? Iﬁ‘:ﬁ??&éﬁﬁ%ﬂ% (i) thermally

activated process, an I ectric power ermal activated
process mainly includes multi-stage flash desalination (MSF) and _

mul ti-effect desalination (MED). The second nethod includes reverse osnosis
15 (RO, f%e%eléicrt}g, mechani cal vapor conpression and el ectro-dialysis.
Hybrid pl aff¥d IJR¥EANAY the RO and MBF processes can recover higher water
yi el ds of higher-quality, typically the dissolved solids being | ess than’
500 ng/|. Ahe divenkien afedateseint ithe edesajipatiomfofdealine nart iboackisty evater eand
‘fundanent al 20drawbacks, being: (i) the high energy usage to maintain

rel ati vel yirdules theperetiiod ésr, piocessiahl andexopadting the0$aid (Watkr o Phodusy gy -
intensive, and (iii) the high naintenance costs arising fromsalt

deposi t i onygiterf fUbWNGtAI BissBRe@\dN@sat i ng uni t. 2 Statenent of the
i'nvention - _ :
Background |
Desalination has béen the practical solution to. wate.r shortage prdblem inmany
10 arid areés of the world. There are severai methods for desalin'ation-andf the
desalination methods bas_ically can be categorized into two groups: namely (i) _'
thermally a.ctivated proceés, and (ii) electric power driven method. -Therrhal
activated- process rh_ainly i_ncludes rhulti—stage_- flash desalina._t—ign-(M\SF)' and_
multi;effect desalination (ME-D). The second method includes reverse. 0sSmosis
15 (RO), freezing, mechanical vapor compression and el'ectro—dialysis. Hybrid
plants, combining the'RO and MSF processes can recover higher water yields

of higher q.u'ality, typically the dissolved solids being less than 500 mg/l. =

All of the éforemehtioned types of desalination have three fundamental
20 drawbacks, being: (i) the high energy usage to maintain relatively high
temperatures, typically exceeding 110°C, (ii) high energy intensive, and (iii) the
high maintenance costs arising ffom salt deposition or fouling in the evaporating

unit.
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'The ‘obj ect of the present invention is to reduce the energy- requirement of
- desal i nation process as conpared to the established processes found in the
“prior art. 51n a first aspect, the invention provides a water desalination
system conpri sing an evaporator for evaporating saline water to produce

- wat er vapor; a condenser for condensing 2 he water vapor; wherein the
evaporator and the condenser are in heat transfer communicati on such that’

heat used IR¢atdifeftePicinVenitiondt | €east 10 in part’ derived fromthe
condenser. In a second aspect, the invention provides a process for

desal et 9ot STV Bl RgHBRSCl AR T Tl BBl M
ool ol o oo SIRahr 200 SUaporLof S0 st derlyed [og e

remai n heat transfer conmunication, the total internal heat regeneration in

t he adsor pPfil@halesal i nati on (AD) cycle may be performed by (i) a chamber

that functions as an 20 integrated evaporator-condenser where total

internab heat regeneration is achieved, or (ii) heat-exchanging-nmedi um _

circuit which transfers condensation energy and evaporation. In both cases,.

the heat défiavirt Aspeet! the mvéﬁl%ﬁﬁfovi@éﬁiaﬁl@é@k'ﬂé§é‘lirﬁﬂioh%(¥s¥@n$}6%bﬂs% r
sorption an

give rise to an enhancenent in the performnces of the a

other ar r anneNaRerater fr evaBopAR i lyaeh & Bradusellhater PRRBER GdtyE, M
pr esent ingentio

Che. 1 mpr oviteepoita e et WBpgrodfels M B Alaoudtit el e tesBngte " '

defined here as the amount of potable water produced per day by 1 tonne -of
adsor bent  (sheattiarsdey commpnigation-sichthat beatwsad bythe evapgratarghableast ns
of potable water per tonne of adsorbent material per day. In so doing -
el ectril¢al irepartgerived fiomptheocondansee as | ow as 1.5 kWi/ nB or -even | ower.
This is | ower than conventional thermal or 10reverse osnosis plants
according to the prior art. In one enbodinent, the integrated '
evapor at or - condenser chanber is used for the evaporation of saline,

bracki sh ofn wRSEEoNRIRpeaN dht NAVERSIE RFHHEE LhrddiR s e RSfing hRREr t he |

required energy for evaporation is extracted fromthe 15 condensati on

. process of A S t Y <SR Levapar at | [

Extornal cSoFRSINEIAE Siake 6 RanGRANGY S50 NERe NIER, Baiialir e
design . as the, heat of condensation is, used for th vapor at i.on process- of
sal i ne wat BIOIUGE WARCYRREY, CPAGSRSIAg taF Mstey JaRPF 4n deiferiesainaieti WK heat
sources_may be used to suppl enent or substitute for the heat fromthe
condendat i gﬁatlrgg)sald evaporator using heat derived from the condensing step.

For embodiments whereby the evaporator and co.ndens'ér remain heaf transfer
communication, the total internal heat regeneration. in the adsdrption
desalination (AD) cycle may be performed by (i) a char-nber-that functions as an

20  integrated evaporator—bondenser where total internal heat regeneration is
.achieved, or (ii) heat—exchahging-medium circuit which _tran'sfers condensation
~energy and evaporation. In both cases, the heat derived from the condenser,
and communicated to the evaporator give. rise to an enhancement in the

performances qf the adsorption and desorption processes of the adsorption



"I'nd further enbodi ment, the evaporation process may be enhanced by the

. energy rejected fromthe condenser resulting in higher system pressure for
the adsorption and thus increased in adsorption capacity of the adsorbent.
At the sane time, the condensation process nmay al so be boosted due to the
extraction 4 of energy by the evaporati®dn process. On the other hand the
desorption process nay al so be inproved because of the | ower pressure

condi ti on. cydler af Wilkbetdipredated Ihapthey srasGeREntshAafNaisy BEaBH W
boosted and the systemyields higher water production rate. In another

enbodi ment ; RLI - ude -at | east one array of
adsorptionf%%\g@’,"ﬁgg%ﬁeégg%égﬁg%g?ﬂgldggéhgﬁt ity of adsorbent material such
as silica gel or synthetic zeolite, or any other hydrophilic porous
adsorbent with the possibly of haviing a surface area not |ess than 500
m2/g. In a further enbodi nent, each bed may be a finned-tube heat exchanger
with the a¥¥ilt Benusaeefean dntegrated evaparatosiconpensgr wiphdbe ipwrasemenhin
finned tubes or each bed may include a nesh adapted to encapsul ate the heat
exchangkr - the spedific daiyaivatemhproddstiomeate (BD\WIP) adefires herecas trerhodiunenf , t he
“energy requirenment for evaporation nmay be recovered fromthe condensation
heat, wit hpblable igdter ajroducad qRiseay yanbesnriTef Bdsoebart @VRa0EaNI erayand
condensati on mechani sns. The evaporator cavity nmay conmuni cate with the

Communt cat Lﬁ%ﬁfﬁﬂ’ﬁiﬁ%ﬁéﬁ?%@?ﬁ? %‘%e'gﬁﬁeé‘%?‘@te?? b‘ifﬁPi‘%E%eﬁé? .fnﬁ?i*%@“:?ﬁ*él |
onmun  the Vap esor b . .
vt or and BReoERb mietea R, df <o Sing kB Al nt R R iy ™ ' ™

equi libriumstate js re; d. The water_vapor in the saturated adsorbed bed
“may be dri 9%30\%@8 Lgi%ﬁﬁgﬁpi e lowelr d hiois IQueethary eenviensiopatibermaker t han

85*C.: : :
' 10 reverse osmosis plants according to the prior art.

In one embodimen.t, tHe integrated evapofator-condenser chamber is used for
the evaporation of saline, brackish or_wasté_ water and the condensation of _thé
- water vapor where the required enéfgy for evéporation' is extr.a‘ctéd frqm.the
15 condensat_ion process of water vapors. E;<ternal energy sources fdr-evaporation
or exterhal cooling for condensation may' not be required in the proposed design |
as the heat of condensation is used for the évaporation procesé of saline water.
Nevertheless, in an alternative arrangement, additional heat sources may be.
use.d to supplement or s.ubstitute for the heat from the condensation. |
20 |
In a further embodiment, the evapbration process may be enhanced by the
energy rejected frofn_ the condenser resulting in higher system pressure for the
adsorption and thus increased in adsorption capacity of the adsorbent. At the

same time, the condensation process may also be boosted due to the extraction



'5 The | ow tenperature hot water nmay be attained either by solar energy or
cindustrial waste heat. The driven out water vapors fromthe saturated bed
may be condensed inside the condenser where the heat of condensation is
utilized for evaporation. In a further enbodiment, the stainless

steel -finned tubes nmay be arranged either horizontally or vertically in the
evapor at or - condenser chanber. The evaporati on nay be achi eved by a pool
boiling prefesitergthy e cORiBIalion (5888 A0 ODLRERItarld R L dsorpti
condensation o r?ﬂe %esgrgeﬁgﬁor s&i %‘g%e trﬁe %0 con?ganse?mv\her.eormoen
condensat i e either fi.lmor drop wise.. . n aone preferred eg‘?odi ment ,
‘the evapor§P?°g£%¥’o&atyh€ﬁsrsbalqenémﬁéqveﬁgd F&@aﬂﬁeeﬂ?&ﬁ eISWl%r/ %’?FﬁijfesﬁPa 082zl es.
. The tenperature range of the evaporato may be 15 to 40C and
consequent Iefgfare; 68@@(&" ?JP pgﬁgr Péfh%@%ﬁY?teﬁ’aV’adebQQP%f@gn@&p R t hus
results in lowering the nmaintenance cost of the plant. In a further \
enbodi ment systes welkdsdrigher wateriprgdugtionrateevapor at or - condenser chanber nay
communi cate with a pretreatnent chanber where the required pretreatnent
processgs of the saline water are conducted. The condenser 20 cavity of the
evapor at or - condenser chamber ‘may al so conmuni cate with the collection
chanber wheq anbther @ﬁ&ﬂidimeh?@h@@a%rm@nq%éﬁ%%gft inlbmd@r!ﬁ @ésqfog{eré"r‘i'ay of

I
enbodi ment, the nunber of adsorber beds may be east two ,
adsorption beds, each bed comprising a quantity of adsorbent material such as

silica gel or synthetic zeolite, or any other hydrophilic porous adsorbent with the

~ possibly of having a surface area not less than 500 m?/g.

10
In a further embodiment, each bed may be a finned-tube heat exchanger with
the adsorbent material placed in interstitial spaces between the finned tubes or
each bed may include a mesh adapted'to-encapsulate fhe heat exchanger so
as to retain the adsorbent material. |
15 Vl

In one embodiment, the energy reduirement for evaporation may be recovered
from the condensation heat, with the evaporator-condenser chamber employing
as évaporation and Condensation mechanisms. The evaporator cavity may
communicate with | the adsorbent material ih the adsorber bed and the
20  condenser cavity may communicate With t.he vapor-saturated desorber bed. The
affinity of the adsorbent material in the adsorber bed initiates the evaporation of
saline water and the vapors are'adsorbed on the adsorbent material until the
equilibrium state is reached. The water vapor in the saturated adsorbed bed

may be driven out using low temperature hot water, for instance, less than 85°C.



't he *evaporator cavity of the evaporator-condenser chanber may be in series

or parallel. In a further enbodi ment, the adsorber bed, desorber bed and

evapor at or - condenser chanber may be encapsulated in a single silo _
partitioned by a wall between them and the evaporator-condenser chanber so
that the plant becomes nore conpact andsportable. |In another enbodi ment,
only the evaporator-condenser chanber may be nmade 10 of anti-corrosive

material s h | t r t ' : c epts of
The pl ant aen L EiEslalle Hot' BaRETKED' nE UANS ik oy SDlarr 8BRACEL T 0
carbon steel, or.concrete.  Ip anather enmbodi nent, heat:exchangi medi um
crrou t suli RS Mt The BEURE ol Rt iarts JEEdne S iad Bedriay of
t he AD pl ant exchanges condensation and evaporation energy. Only a snall
capaci ty pbBepcanslensed dnside the copdensen whee thenhegt ef condeiisatign ipstilizache
chilled water and cooling water punps. In a further enbodi nent the heat
transfer cordevapobatioreen t he evaporator and 20 condenser nmy include a -
plate. This plate nay be of a material having greater thermal conductivity

as conpsred to the materials used to construct the evaporator and/or
condenser. Brief Description of Drawings 7 It wll be convenient to

further deﬁ?gai]l?@rtﬁé}eeﬁfb%ﬂﬁﬂénf, r{rﬁénétiaﬂﬂeé’! Isibél-?ﬁlﬂgezk st %Xfﬁgﬁm%%%d:g

dr awi ngs whi represent possible arrangenents o e I nve

par 1 cul ar PRy So P RehBITCh Ry aRRIng S Al B sy The

super sedi ng t he general ihb%/ OL_ t he proceeding, description of- the invention.
Fi-gure-1 | 8VaPQi@Heranay R ashieyed: he &10908 bRdindoRrasesscandiibe gnssggdor
according to the present invention. 10 Figure-2 is the plan schematic view
accor di ng evaper@tiontnbfainedtiramn the eopdessatior of thet deserbed vapors inside the

10 - condenser where the condensation may be either film or drop -wise..

‘In one preferred embodiment, the evaporatioh_ of the saline water may be
enhanced by using spray nozzles. The temperature range of the evapo_rafor :
may be 15 to 40°C and consequently the foulihg of the evaporating unit may be

15 lessened and thus results ih lowering the maintenance cost of the plant.

In a further enﬁbo_dimeht, the evaporator ca\)ity of the evaporator-condenser
chamber may communicate with a pretreatmeht chahber where the required
pretreétment .prbcesses of the saline water are conducted. The condenser
20  cavity of the evaporator—condénser chamber may also c‘ommunicate with the

collection chamber where the desalinated water is collected.

In one preferred embodiment, the number of adsorber beds may be at least two

or more. The communication of the beds containing the adsorbent materials to



"Figure-3 shows the sinulated tenperature-tine histories of the adsorber and
- desor ber bed and evaporation and condensation of the enbodi nent of the

" 15present invention. Figure-4 is the predicted production rate of fresh
wat er of the enbodi nent of the present invention. 20 Figure-5is a
schematic view of an AD cycle with heat gecovery-circuit according to a
further embodi ment of the present invention; Figure-6 is a conparlson on
SDWP of a | rred
Embod: ment T SRS R GHAS of 41 eRabORIG orfiAser PhaRREE bRl 60 ke 8EbE,
accordi ng toﬁg ? enbodi nent, conprising an evaporator/condenser chanber and
two reactoP @ cont ai ni ng adsorbent materials. Saline or brackish water is
evapor at ed i nside the evaporator chanber 3. The energy for evaporation is
extracted fromthe condensation of the vapors inside the condenser chanber
4. Wiilst in this enbodinment a significant proportion-of the heat used by

t he evapor &t & futhere embadlirhenin thiee adsorbenserd, desarbaerbeshiaodi ewagcratost t hi n
the present invention, 10 varying degrees of heat may be used. Further

whilst 4n bbhéer@éé?%ﬂa‘ﬁ%ér B¢ bé/éﬁ@é;ﬁém&tedsm%meb@bil@blamﬂdh@attﬂﬂa\wélh' n
t he condenser in order to better derive said heat, the invention

enconpassepe R&éﬁ{ Stﬁgﬂﬁsarﬂf heat%%;?&fa'tcﬁ}gco?ﬁfe‘ﬁaafféhaﬁ&é} %% tha gHEPRGAL OF

and condenser rrng a ranster condu Include”a common
wal I, such I with he i pation arrangenents i ncluding fins,
in_order_tegggﬁ?gggégaﬁgF%?d' ?Hﬁgﬁﬁﬁ?Ton1the condenser to the evaporator.
Wi | st. i.n the enbodi nent shown in.Figure 1 there nmay be advantages in
utilizing all of the heat generated by the condenser, in the | atter

descri bed embodi ment there may 20 be advantage in using externally applied

heat sour c&sanothenensedimeat,amly the evaporatoreggndenisat ebambat mayebs prade i ¢
arrangenents of the evaporator and condenser will be determ ned by the

ski | | eto pebs emticsudrobivis gretdriale csuchi ag élmysaeel tod prevaiti carosios., Thelresf
which fall within the present invention.
components of the plant such as adsorber and desorber chamber can be made

of conventional carbon steel or concrete.

In another embodiment, heat—éxchanging medium circuit such as water loop
15 connecting the condenser and evaporator of the AD plant exchanges |
condensation and evaporation energy. Only a small capacity pump is installed

for the circulation by eliminating both the chilled water and cobling water pumps.

In a further embodiment the heat transfer conduit between the evaporator and

20 condenser may include a plate. This plate may be of a material having greater
thermal conductivity as compared to the materials used to construct the

evaporator and/or condenser.

~ Brief Description of Drawings



It wWill be further appreciated that the present invention is applicable to
.a range of different desalination systens and represents an increased
efficiency which will provide a beneficial result when applied to said
systens. One such systemis disclosed in W2006/121414, the contents of
which are incorporated herein 5 by reference. It will be noted that the
present invention is not |limted to its application to this type of

desal i nati : 7 : L ' [ tion .
o aspect s oML ETeNRAR b nieRas g Rb e i Terds oA SRt KON "o
how t he present inventipn nmay be applied to,a desalination system

Al t er nat i v8°SP'PRAGERENtHEAWINGS 'éﬁlﬁ'&ﬁl Jep@gsent PH?ﬂgllfeh@r[ﬂ'&e@ﬁ%ntiomvé'?ﬁ i on.
The process according to a further enbodi nent of the present invention is

f undament aiNMEnHoRaOEferpRGRRAYMEeBIsHP t@ﬁn@vemthmrgpagﬁ&e gk cpnsequestiyge

bei ng the adsorption phase, involves. the water vapor being directed to the
adsor ber 1lthéedstiduwarity pf doketamcompaohyingrelradings jsr adeterbe nederstoednay be a
function of the saturation capacity of the adsorbent material or

al ter nasi veligeseljrecthetgerrediity of e pRcBIfiig @édiptibt of tHe RivBh§beNt proces
ei tther econom cally or production-wse. The water vapors fromthe :
evapor at or passes through the vapor .pipe line 5 and butterfly valve 6 that
is electro-pneurmatically controlled 20 and are adsorbed on the adsorbent

“inside the roer_chamber: 1. An.external cooling circuit 7 is used to
rorect theFRUEE D 2 888RREfc Yiev 364, S RAtnAR oRtR drtbhiockss BeSing ©
adsor ption process, solengid water valves 14 are opened to-allow the flow

of the cooFC?H't‘? REESEPt INMEBURMh t he adsorber tube. The adsorption process ,

continues until the adsorbent materials inside the adsorber bed are fully

10 Figure-2 is the plan schematic view according to one embodiment of the

present invention.

~ Figure-3 shows the simulated temperature-time histories of the adsorber and
desorber bed and evaporation and condensation of fhe embodiment of the

15 present invention.

Figure-4 is the predicted production rate of fresh water of the embodiment of the

present invention.

20  Figure-5 is a schematic view of an AD cycle with heat recovery-circuit according -

to a further embodiment of the present inventipn;

Figure-6 is a comparison on SDWP of a system of Figure-5 to a conventional

cycle



10 ‘saturated with vapors. The gas valve 6 conmunicating the evaporator and
*the adsorber bed are closed when the adsorbent nmaterials inside the
adsorber . chanber are fully saturated with water vapors. The water valves 14
that direct the cooling water flow to the adsorber chanber are al so cl osed
and the hot 5 water valves 13 open lettigig the flow of hot water through
the hot water pipe line 8. .This process is known as switching process and
the switching action increase the pressure of the adsorber bed to
condensi ng pressure. This length of the switching tinme may vary dependi ng

on the hot ter te ature and hot. water flow rate. After the sw tching
period, th 'Rfﬁ?'{/@?&@eé&ﬁfﬂﬁmé'%ﬂ!the -10 adsor ber chanmber and.the
condenser chanber is opened. The desorption process is achieved by the flow
of hot wat &igurerbshews He aehematieriew pletheidasalinalion systaa, asremdiigtoene
el ectro-pneumatic controlled hot water valves 13 direct the flow of hot
wat er t hr oeghbadimeat] scorhprising aan ezvapodratodesnddreskrwetiambeia@odstwo ceadtbe
adsor ber bed travels through the desorber pipe line 9 and the sol enoid
' 5 bed containing adsorbent materials. Saline or brackish water is evaporated
inside the evaporator chamber 3. The energy for evapbration is extracted from
the condensation of the vapors inside the condenser chamber 4. Whilst in this
~embodiment a significant proportion of the heat used by the 'evaporator is
derived from the condenser, in other embodiments, within the present invention,

10  varying degrees of heat may be used.

Further whilst ih_-this embodiment the evaporator is substantially Iocatad within
the condenser in order to better derive said heat, the invention encompasses
cher means of transferring said heat sach as the evaporator and condenser-
15 sharing a heat transfer conduit. This may include a common wall, suéh as a
plate, with heat dissipation arrangements, including fins, in order to better
transfer the heat from the condenser to the evaporator. Whilst in. _the-
embodiment shown in Figura 1 there may be advantages in utilizing all of the
heat generated by the condenser, in the latter described embodiment there may
20 be advantage in using externally applied heat sources to the evaporator. It will
be appreciated that the specific arrangements of the evaporator and condenser
will be determined_ by-.the skiIIed.persdn and designed according to specific

applications, all of which fall within the present invention.



15 'or el ectro-pneurmatic controlled gas valve 10 and are condensed i nside

- thé condenser chanber 4 of the evaporator/condenser chanber. The
" condensation process is maintained by rejecting the heat of condensation to
t he evaporation process of the saline water inside the evaporator 3. The
condensat e inside the condenser 4 of the evaporator chanber is collected
using a U-tube 11 to 20 naintain the pressure difference between the

condenser 4 Wiibe s ARAIURSY fiRa e ARBSAAVEMER s HRlcabRd {oeﬁtréﬁﬁeé tank.

12 whose pressure rc pressure. _ _ on of

fresh water fromt condenser also includes qther. means such. as usi.

wnter punp@f O APSNERR cslts Andl i hrserts Ao esrsach e pieDte dahiey
according tqo the present invention is made nore 11 efficient, and so -

increase witbProyier@chensficial HesuihWhesARRIgd: tresald sy§tesns. {088 sHeRSYsEm
during the adsorption phase and heating of the array of. adsorbent beds
duri ng t heisidissigsedan WREO86/ Tl ther gontents o€ wihichaare intorporatéchberinl hot

wat er supplies, the cooling water is circulated froma cooling tower (not
shown) , s wheyeksfeidmeec i Wik bednbtedt tHat afet resads vention ighask limitedi Bsitpat ed

to the environment. The re-cooled water is then returned to the common

cool i ng Waga?gnéét% to {H tyHeSbf HQ&&q%ﬁigigOsry&*i\cggawVeﬁhF%sg th@aéadlieatié}?gft ower

in the ads ent material’. It shou _ 10 that, for a’range o _
o 0sey e A ool 1 SEHBEL Shu By iEleRinBgg e

system Mbst ter production_sizes of the comercial sca’lIDe desal i nation
pl ants ar e PEPVIEeR 3 @MAIenPf N 1§81 PERsENbJAVeRton Nvagy . bexaPrrliedetdA i ve

falling wwthin the present invention is to have nodul ar design for the
15r eact or deselinatioassysierpodbernativeiagiangements will equally fall within the present

10 invention.

The process according to a further embodiment of the present invention is
fundamentally a batch prbcess comprising of tWo stages. The first stage being
the adsorption phase, involves the water vapor being diréc_ted to the adsorber

15 beds for a predetermined tirﬁe.-—This predetermined time may be a function of
the saturation capacity of the adsorbent material or alternatively subject to
achieving the most effective or efficient process 'eithe_r economically o.r
_ p}oduction-wise. The water vapors from the evaporator passes through the
vapor pipe line 5 and butterfly valve 6 that is electro-pneumatically controlled
20  and are adsorbed on the adsorbent inside the adsorber chamber 1. An external
cooling circuit 7 is used to reject the heat of ad_sorption from the adsorption
‘process. During adsorption process, solenoid water valves 14 are opened to
allow the flow of the cooling water through the adsorber tube. The adsorption

process continues until the adsorbent materials inside the adsorber bed are fully



"A 200 tonne capacity of adsorbent per "Silo" type tower may have a di aneter

.of 4to 5 mand a height of 25 m as shown in Figure-1. Figure 5 gives the

-advanced adsorption desalination cycle 52 with energy recovery circuit from
t he 20 condenser 55 and evaporator 60. Only a small capacity punp 58 is -

required to drive the circulation of thgywater that exchanges condensati on
heat and evaporation heat. This invention elimnates the two high-capacity

condenser uey pliefif YabbRY TR 55s RUTESS colfERRII e 8lagBdel, Jieyener oY

bal ance equati ons, sof herny equati ons I'C '‘equati on or t he
AD system are ed b | ow The Toth at Ion al cul ate
the amount a8$° '\%ﬁf Zﬁ‘edi/é‘[ﬁ‘)rc P’V-(E@d‘ ?ﬁgg S m@f?ﬁ@%ﬂrﬁﬁ'éegﬁ &%’5 be of
t he adsorbent. K O lo 1) Ll Kil o_. p(ad; RT). )I ur To
estimate tﬁ*@ambahgremly Ufﬁte@ﬁmﬁfd‘é/@ RRAS E@em&é@r valves direst

follow ng kinetic equation (2) is used. .cfq . 15D20 exp(-E- RT) .(gq" -q dt.
the cooling water flow to the adsorber chamber are also closed and the hot

5 water valves 13 open letting the flow of hot water through the hot water pipe Iine
8. 'This. pfocess is known as switching process and the switching action
increase the pressure of the adsorber bed to condensing pre'ss'ure. This !ength__ '
of the switching time may vary depen_ding on the hot wéter temperature and hot
water flow rate. After the switching'period, the gas valve 1'0-comn1unicating tne

10 adsorber chamber and the condenser chamber is opened. ‘The desofotion-
process is achieved .by the flow of hot water through the hot water pipe line 8
while the s_olenoid or electro-pneumatic controlled hot water valves 13 direct.the
flow of hot water through the adsorber chamber. The desorbed water vapors
from the adsorber bed travels through the desorber pipe line 9 and 'the.soleno_id _ ‘

15 or eIectro-pneUmatic controlled gas valve 10 and are.con.densed inside the
condenser cham.ber 4 of the evaporator/condenser chamber. The condensation
process is maintained by rejecting the heat of condensation to the evaporation
procees of the saline water inside the evaporator 3. The condensate inside the
condenser 4 of the evaporator chamber is collected using a U-tube 11 to |

20 maintain the pressure difference between the condenser.4 that is at vacnum
pressure and the fresh water collection tank 12 whose pressure is about
atrnospheric pressure. The collection of the fresh water from the condenser also
includes other means such as using water pumps etc. Whilst not essential to

the invention, the process according to the present invention is made more



'(2)" Energy bal ance for the adsorption and desorption Equation (3) gives
- the energy bal ance equation for the adsorption and desorption process of
the AD system dr dq ad.:: de: PC p--C (T-T,;",(out)) (3) adzcl p . :sr
dtdt 13 Energy bal ance for the evaporation and condensati on The
evaporation of salt water in the evaporajor cavity is achieved by pool
boi l i ng process and the heat transfer coefficient of evaporation S

oressurcs EITR, A %Apgg%é S@%Wﬁeﬁéi B o BB JBBEAFEY6! 1200)
foll OW_ 1%@(‘) en[ beds )durlﬂg the adsorptloDn phase ané heatmg of the array of

adsorbent beds during the desorption phase.

-5 '-'Désc}ibiné .'i'n: 'mo_"re-detéil:th'e c;oo_ling-and._hot wa;gf supplies, the cooling water -
| is circﬁlated from a cooling tower (not shown), whereby the collected heat from
the édsbfptibn phase is dissipafed to the environment. The re-cooled water is

then returned to the common cooling Wate_r line 7 for distributioﬁ to the

appropriate -reactior_m bed tower in the adsorbent material. It should be hoted '-

10 th'at, for a range of purpose, it'.may__"b_e p'référ'able to-only re-circulate a portion of

- the coqling water. The non -circuliated water may be dumped, used for a
different system. Most watér prod.uction sizes of the commercial scale
desalination plants are of the order of million gallons per day (MGD). One.
.alternative falling within the present invention is to have modular design for the

15 reactor towers, as proposed in Figure-1.

A 200 tonne capacity of adsérbent per “Silo” type tower may have a diameter of
4 to 5 m and a height of 26 m, as shdwn in Figure-1. Figure 5_ gives the
advanced adsorption desalination'cycle 52 with energy recovery"dircuit from the
20 condenser 55 and_évapo_rator 60. Only a small capacity pump 58 is required to
drive the circulatidn of the water that exchanges condensation heat and
evaporation heat. This invention eliminates the two high-cépacity condenser

water and chilled water pumps.
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The energy balance equations, the 1sotherm equations and the kinetic equation for the AD

system are presented below. _

The Toth aquatton ( 1) is used to calculate the amount of water vapor adsorbed at specific

temperature and pressure of the adsorbent. '
K, exp( AH 4, /RTY.p =

[1- (K /gy exp( AH o i RT).p)' T

a¥* =

(1

To estimate the transient amount of adsorbec_l and desorbed water vapor, the following

kinetic equation (2) 1s used.

g 13D, exp(~E_/RT)
. RP-

g*-q) - - O,

o, | B,
el FE

Energy balance for the adsorption and desorption

Equation (3) gives the energy balance equation for the adsorption and desorption process

of the AD system.

aT .. .
WP _—";.}EI.—.@&_ m; AH _;g == ”] o e C ( i iy (1”) tu i (Ollr)) ©)]

A



"Hot''water inlet (desorber) 85 48 Cooling water inl et (adsorber) 29.5 48
;. Mass of silica gel per bed (kg). 36 Cycle tine (s) 300

13
Energy balance for the evaporation and condensation

The evaporation of salt water in the evaporator cavity is achieved by pool boiling process
and the heat transfer coefficient of evaporation is calculated using Medified Robsenow
correlation for —suh-atmospheric pressures () (Ng et. al, Applied Thenmal
Engineening, 26 (‘2006) 1286-1290) follow. ' -

C, ;Lu n? \f glp, - p,) ) |

A A-ba:‘ 7

| I 4y
T 2 ¥

o

Nusselt film correlation is applied to calculate the heat transfer coefficient for

condensation and it 1s given in equation (5).

P;gk (p: - p\)[nfv +—= Ca-(T T, )-g
DT - 1;,,) j

©)

Simulation results
5  The simulation of the AD cycle is done by using FORTAN IMSL library function.
A set of modeling differential equations are solved 'by using Gear's BDF

method. The parameters used in the simulation are listed in the following table.



‘Swi'tching tinme (s) 20 Nunberoftubesfor condens'ation 60 Aeva'parsTor
.0 9.34 - '

14

Temperature (°C)  Flow rate (LPM)

H'ot-water nlet (desorber). : | - 85 48
Cooling ;.xrate'r inlet (ads-orber) ' 29.5 . - 48
Mass of silica gel per bed (kg) . .. 36
Cycle time (s) 300
Switching time (5) 20

- Number of 'nlbes for €0

" condensation

| Asvaporarr . | 934

 Aconteme - 5.353

Figure-3 shows the temperature-time histories of the adsorption 20, desorption
30 evaporation 50 and condénsatioh 40 -of the preferred embodi_ment.. The
amount of fresh watér production rate in terms of specific daily water production
5 (SDWP) is shown in Figure-4 and the predictéd SDWRP is 27 m3_’(_)f fresh water

per to.nne'o'f silica gel per day.
Experimental results

10 A heat-exchanging 'circﬁuit, here we used water circuit, connecting the
evaporator and condenser of the AD plant is installed on the prototype AD plant.
The experiments are conducted using hot water temperature at 80°C and cycle

time 1200s. The enhancement attributed by the current invention is presented



Acoudeaser 5.353 Fi gure-3 shows the tenperature-tine histories of the
adsorption 20, desorption 30 evaporation 50 and condensation 40 -of the
preferred enbodi nent. The anount of fresh water production rate in terns -of
specific daily water production 5 (SDVWP) is shown in Figure-4 and the
predicted SDW is 27 nB of fresh water pger tonne of silica gel per day.
Experimental results 10 A heat-exchanging circuit, here we used water

circuit, CB‘J]'EE@ﬁ'Fda"r‘iﬁgtthé vmapgfafutioA teteL ONPRNER/aneEd Tc?@le%d%@ﬁ\iedt%nal
installed on the prototype AD plant. The experinents are conducted using

hot water LRIPE RidlE. S THORCAL YR SDbES h0Avarles RBANRS TR neat .

~attributed rrent 1 nventron iS presente comnpari ng
production rate of .th dvanced cycle and conventional cycle in Figure-5.
Fhe 1 nor onOVER SR o PONFRE AR AT,  TYABR DL eaBbeT e COviA €F T cui
‘bet ween condenser and evaporator compared to that of conventional: cycle is
nore than G@wendionahgyple seamorer tian H&%yr apheaaibe seeaskamathegraphical
Figure-6. - : . :

5 representation of Figure-6.



16 ‘CLAI MB 1A wat er desal i nati on system conpri sing: an evapor at or

- for evaporating saline water to produce water vapor; 5a condenser for '
condensi ng the water vapor; wherein the evaporator and the condenser are in
heat transferconmuni cati on such that heat used by the evaporator is at-

| east in part derived fromthe condenset6 102. The water desalination system
according to claim1l, wherein said evaporator and condenser are arranged in
an integracedlMgit. 3.. The water desalination systemaccording to claiml
or 2 wherein the evaporator is at least partially enclosed by the

condenser. 4. The water desalination systemaccording to claim1 or 2
wherein the said evaporator, and condenser are positioned adjacent to each

.ot her havipg a fer. cond | aced .internedi ate to the said
evapor at orl?and E‘ %tghg%géﬁln@twﬁ;ﬁgs%é? 88"1%"55]9 nation sySt em according to
.claim4 wherein the heat transfer conduit includes plate coupled to both
the evapor at or an 8vapMaterder evaperagingsalina water to @P@&F@WattWeYarP&lf
‘conductivity than other. portions of the evaporator. and condenser. 17 6.The .
vat er desal i nat acandgssasfoncondetising the whtdrmvapoar 5 wherein the evaporat or
is in heat transfer communication with other heat sources.

whereln the evaporator and the condenser are in heat transfer

communication such that heat used by the evaporator is at least in part

derived from the cohdenser.

10. 2. The water desalination system'according to claim 1, wherein said

evaporator and condenser are arranged in an integrated unit.

3. The water desalination éystem according to claim 1 or 2 wherein the

evaporator is at least parﬁally enclosed by the condenser.

15
4. The water desalination system according to élaim 1 or 2 wherein the
said evapprator,and condenser are positioned adja.cent tq each other
having a heat transfer cconduit placed intermediate .to_ the said
evaporator and condenser. |
20

5. The water desalination system according to claim 4 wherein the heat
transfer conduit includes a plate coupled to both the evaporator and
condenser said plate having a greater thermal conductivity than other

portions of the evaporator and condenser.



'57.°The water desalination systemaccording to any one of clains 1 to 6,
~further including: . an adsorption neans in selective vapor comruni cation
wi th the evaporator for reversibly adsorbing the water vapor fromthe
evaporator; 10said adsorption neans in selective vapor communication wth
t he condenser, and; desorbing neans forjgesorbing the adsorbed water vapor
fromthe adsorption neans for collection by the condenser. 158. The system
according to claim7, wherein the adsorption nmeans includes at |east one
~array of adsorption beds, each bed conprising a quantity of adsorbent
material. 9. JThe

stemaccording to claima8. wherein.each hed inclydes a
(Tnned Sotutth meatie BAdt-dranafio Sustelh BesoralefTer i af Be Siverai tHe
--interstitial spaces between said finned tubes. 10. The system according to
any one of clai m Bapomtonsdpdieat trrasfer gopunynication withiatheehed spsaces ai d
“in the adsorption of the water vapour. . 11. The system according to claim
10, wherein said cooling neans - '
5 7. The water desalination system according to any one of claims 1 to 6,
further including:
. an adsorption means in selective vapor communication with the
evaporator for r'everSibly adsorbing the water vapor from the
" evaporator; |
10 - ' said adsorption means in selective vapor' corhmuhication with the
condenser, and; _/

desorbing means for desorbing the adsorbed water vapor from the

adsorption means for collection by the condenser.

15 8. The system according to claim 7, wherein the adsorption means
includes at least one array of adsorption beds, each bed comprising'a

quantity of adsorbent material.

9. The system according to claim 8, wherein each bed includes a finned-
20 ' ‘tube heat exchanger, said adsorbent material placed in interstitial

épaces between said finned tubes.

10. The system according to any one of claim 7 to 9, wherein the

adsorption means includes a cooling means proximate to the array of



‘5conprises cooling water circulation systemfor circul ating cooling water

s to'the heat exchangers.
cooling water circulation systemre-circul ates at

cool i ng wat er

10f rom t he heat exchangers back to the cooling tower.

-12. . The system according to claim 11, wherein the
| east a portion of the

13. The

system according to any one of clains 1fgto 12, wherein the cooling neans
further includes a chilled water circulation systemfor circulating chilled

water to the heat \chatioghsinlBalf nIlieios ksl G AECAELH ol G kil Mdid:

wherein the chilled water TS
according to claim14

urced from evapor a

e system
wherein the chilled water 20circul ati on system

re-circul ates the V(,atﬁ’loiuf'ed wat er fromthe heat exchangers back to the

evapor at or.

16. A process for desalinating water conprising the steps of

" evaporating saline water within an evaporator to produce water vapor;
condensi ng the water vapor to form desalinated water; heating said
evaporator using hidw systermedcdardimgt he claindeti whestippsaid cooling means

5 corhprises cooling water circulation system for circulating cooling
water to the heat exchangers.
12. - The system according to claim 11, wherein the cooling water
circulation system re-circulates at least a portion of the cooling water
10 from the heat exchangers back to the cooling tower. - -

'13. The system according to any one of claims 10 to 12, wherein the
cooling means further includes a chilled water circulation system' for
circulating chilled water to the heat exchangers.

15
14. The system according to claim 13, wherein the chilled water is
sourced from the evaporator.
15.  The system according to claim 14, wherein the chilled water
20 “circulation system re-circulates the chilled water from the heat
exchangers back to the evaporator.
16. A process for desalinating water comprising the steps of :

evaporating saline water within an evaporator to produce water vapor,

19



'17.>'The process for desalinating water according to claim 16, further

- 5conprising the steps, after the evaporating step, of: reversibly adsorbing
the water vapor fromthe evaporator using an adsorption neans in selective
vapor conmuni cation with the evaporator, and; desorbing the
adsor bed water vapor fromthe adsorpti ot nmeans using 10t he desor bi ng neans
and delivering the water vapor to the condenser. 18. ‘The process according

to claim 17, whesRddhdifetRYRBRTVapbs tafnPdsoAIpiate Wagps are performed
until saturation of the adsorption nmeans, whereupon the vapor conmuni cation

between the ad5R%ﬁtiﬂ%&i&%vlﬁﬁﬁﬁoPﬂgnﬁ_&;&a‘ﬂﬁ%ﬂ%@tﬁ%h s é&lo%%%in@ﬁ%tllép. a

di sengaged, and eso g and co nsing steps conmence

substantial quantity of the adsorbed water vapour has been desorbed from
t he adsorption ns, sai d yvapqur commruni cation subsequently re-engaged. 20
19. The pr ocegsnigﬁoi”iﬂcﬁﬁst%’rcﬁﬁﬁlﬁ‘ai"?gowai%ﬂ %@Pdé’i‘%qphgaﬁﬂséﬁbim hgt ep

i ncludes circulating cooling water proximate to an array of adsorption for
- cool i ngd each bed taonaprisingthehstepdsafter therevaporatingasteprofvapor. 20 20. The
process according to any one of clains 17 to 19, wherein the adsorbing step
further includeseversiblyl atsodpinditheedatert @appr drxormathe tevapbeatar ajngfarbeds
for chilling each bed to aid in the adsorption of the water vapor. 21. The

process accor di ggsdipti6h FhéEnslth Sledve VASSCESMENBIGHRANVA] theS drafdrudes
circul ati ng hot vvatrgr proximate to the array of ble(%igl for Iﬂeatié\?l‘é&) erachr’ bed
to aid in the dgsgrption of the adsorbed water vapor. : _

desorbing the adsorbed water vapor from the adsorption means using

10 the desorbing means and delivering the Water vapor to the condenser.

18. The process according to claim 17, wherein the evaporating and
adsorbing steps are performed until saturation of the adsorption
means, whereupon the vapof communication between the adsorption

15 . means and th.e evaporator is selectively disengaged, and' the
desorbing and. condensing. éfepé éommenéed until a _subsfantial
quantity of _the-adsorbed water vapour has been deso_rbed from the
ac_isorption means, said vapour communication subsequently re-
engaged.

20 |

19.  The process according to claims 17 or 18, wherein the adsorbing step |
includes circulating cooling water proximate tb an array of adsorption

for cooling each bed to aid in the adsorption of the water vapor.



10

20.

21.

20

“The process according to any one of claims 17 to 19, wher_ein"the

adsorbing step further includes circulating.- chilled water proximate to

the array of beds for chiliing each bed to aid in the adsorption of the

-water vapor. -

The prbcess according to claims 19 or 20, wherein the desorbing step
includes circulating hot wafer proximate to the array of beds for
heating each bed to aid in the deSorption of the adsorbed water

vapor.



