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APPARATUS AND METHOD FOR DESALI NATION Field of the
I nvention The invention relates to the desal i nati o*nwof

saline or brackish water including a

letting saline water and processing sald matem"mmm"mmmmmw
produce desalinated water. The invention rel

both the process and apparatud used in perform ng- e
process. Background 10 Desalination has been a

practi cal SAPRARNTUDANTEMETRODIOR DREA DINDT RIS
encountered in nunmerous countries of the worlTd, 1n
particular, in regions where both the rain fall is
scarce and/or the population concentration is high.

S m&[ci al - scal e desalination plants have
%iglgﬁ&cglh{g{% built and operated, such as (i) the

mul tis, Sta | ash F), type,. (ii) the nultij-effect

desal TRV KWﬁE‘,teS%giﬁ?% d%ﬁ@iﬁﬂ@ﬂﬂf splimneiop deagkish watgrapelading a
osnosi s (RO, plants. Hybrid plants, conbining the RO
Redofger i rl‘ﬁg@% salineyuater and pooesssing sgié walnitie proguct desabifiated

hi gh water quality, typically the dissolved solids

Wwaten glhd ingentidnamlabeddo bothl the pricessfant Agpirbs h@éﬂﬁhgﬁﬁbﬁhﬁlg the
of the Wrld Health Organization (WHO standar | on
gsedsange i s anot her net hod whereby ions of dissolved
inorganic salts are replaced with the nore desirable
ions, and such as a process have been used to 20

m nimze the fouling and carry-over to the water.

Background

~ Desalination has been a practical solution to the water shortage problems

encountered in numerous countries of the world, in particular, in regions where both the
rain fall is scarce and/or the population concentration is high. Numerous commercial—
scale desalination plants have been designed, built and operated, such as (i) the multi-
stage flash (MSF) type, (ii) the multi-effect desalination type, (iii) the membrane-based
reverse osmosis (RO) plants. Hybrid plants, combining the RO and MSF processes can
recover higher water yields of high water quality, typically the dissolved solids being
less than 500 mg/l, satisfying the requirements of the World Health Organization
(WHO) standards. Ion exchange is another method whereby ions of dissolved inorganic
salts are replaced with the more desirable ions, and such as a process have been used to
minimize the fouling and carry-over to the water.

In general, the conventional desalination plants display three fundamental
drawbacks, being: (i) the high energy usage to maintain relatively high temperatures,
typically exceeding 110°C, (ii) the high energy consumption of the plant and (iii) the

high maintenance costs arising from salt deposition or fouling in the outer surfaces of

LT
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In general, the conventional desalination plants

di splay three fundanental drawbacks, being: (i) the

hi gh energy usage to maintain relatively high
tenperatures, typically exceeding 110C, (ii) the high
energy consunption of the plant and (iii) the high

mai nt enance costs arising frofh salt deposition or

fouling in the outer surfaces of *@0002* 2 heat

Icat breohgngess aswelkkhd theotrbsion of thesiukes. Pbuliitistad®érated by high
Fouling is accelerated by high solution tenperatures

@IionempBrafFeOdd thothrbing i ﬁ?hfegr}]l@tglg E‘gﬁ&sit% #4 A Kution is

solution is known to occur wh erat ures excee

R 0P 5P Eor P BB e bl EF S, D0t on” o 1 ectuce

the energy requirenents of desalination as conpared
to the high energy processes of the prior art. 1In a

first aspect, the invention provides a water
ﬂ@@aﬁﬂﬂﬁﬁhahﬁ§¥§ﬂén1conprising an evaporator for
evaporating saline water to produce water vapour; an
adsorlpis therefi¥e arabjeci of thepresdrit veventipoto redasentiaesa iy on

with the evaporator for reversibly adsorbing the
requiiesmendPeidesilimifioh A caMpdred & BE hightdndr3i0EdREdsT the prior art.
means in selective vapour comunication wth a

condemsefist a%?gét, e Weﬁh?t? 8%2 ag’%{ter ?eﬁfxﬁh&g S%J[]&P Somprising

adsorbed water vapour sorg 'on neads '

' he.. X i nser adapjed .
F BN L b e P E e f BrouBE R RaY Brpus A Spgion
Thus,, bﬁ u;%qg an evaporatjon system the energy

PERRS i POV cORYINigRtion Wittidhe guangtatonfos reversibly adsorbing
consi derably | essened. In a preferred enbodi nent, the

thelwetep vapmir froan thereagparatot;sdid adsorptias meaneinaseteative vapour

communication with a condenser, and; desorbing means for desorbing the adsorbed _
water vapour from the adsorption means for collection by the condenser; said condenser
adapted to condense the water vapour to desalinated water.

Thus, by using an evaporation system, the energy requirements to create the
water vapour are considerably lessened.

In a preferred embodiment, the adsorption means may include at least one array
of adsorption beds, each bed comprising a quantity of adsorbent material. In a more
preferred embodiment, the at least one array of adsorbent beds may be arranged
vertically within at least one reaction bed tower.

In a further preferred embodiment, each bed may a finned-tube heat exchanger,
with the adsorbent material placed in interstitial spaces between said finned tubes. Said
material may be silica gel, synthetic zeolite, or any other hydrophilic porous adsorbent,

with said materials possibly having a surface pore area not less than 500 m*/g.
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of adsorption beds, each bed conprising a quantity of
adsorbent material. In a nore preferred enbodi nent,
the at | east one array of adsorbent beds nay be
arranged 20 vertically within at |east one reaction
bed tower. In a further preferred enbodi nent, each bed
may a finned-tube heat exchander, wth the adsor bent
material placed in interstitial spaces between said
f i nnehh 4 profssred Saribbdime: @hdtodf ARYHAAS nfdly!ihdlAdIfnesh adapted to
synthetic zeolite, or any other hydrophilic porous

, . g a
e uRRS the heWl dx3hSflef sdR! B rlsﬁinzthg 8@@&@% nﬂlgéﬂa?g o

surface pore area not less tha oo 0 a

referr [ f._sai eds . i.ncl ude
eah e S SRR Rl K iitetihg il it oxeporlor may be
tq retaip,the hent material. In a preferred
183‘6%@1“&%5@ p‘i ﬁ@’%f &{4@&: i %P@? RRdiAeTH, theke may be the use of a
evaporator may be in the range 5C to 40C. Wilst in a
hott sagar re-girepplen sstem, this éy eotmegeskary forethe seapofatar, bt fochhance
water re-circulation system this is not necessary for

thé desovptpporafitoe waten vapgonr éohathe adsdrbent degnr pti on of t he
wat er vapour fromthe adsorbent beds. A further

consed|fenk& ddhseifieid bOWAEITE Eéﬁﬁ@i&uﬁ%}’é\%ﬁfﬁ?éxﬁ Q‘ztat(l)ler than direct

rather than direct heating of the saline wa

HRAGELI6E (HPLGihe ‘(’f‘ag%ﬁ:b r#rﬁdﬁé%a&f%t@lt vipdar §s lhfoilyvg%wteﬁllo% fSmpyratures,

t enper at ur es, g I's reduced siIgnl _
T T AT AT LI TS B,
PREREpBE:s G mplnerioraros f Ben ancaion. may be_ used for

many of the key conponents of the plant such as the

ads or@wingatedlowd Exdinigenates candr wacunm prebdurass coineentional carbon steel
condenser unit. Only the evaporator unit may require
redjl by us¢efdr hmanyp b veNke L ¥GEPGHeNS SOMEGIARSuch as the adsorber and
desorber towers, as well as the condenser unit.

Only the evaporator unit may require alloy steel to prevent excessive corrosion.
Alternatively, chilled water from the evaporator may be used to cool the desi gnated
desorber towers for the first quarter of the cycle and then re-directed to the adsorption
towers for the second quarter of the cycle. By lowering the condensing pressure (with
the cooler chilled water), condensation of vapour may be expedited as the tube surfaces
are much cooler. In the same manner, the lowering of the adsorbent temperature (when
chilled water is channeled into the adsorber towers) may enhance the vapour-uptake by
the adsorbent.

In a second aspect, the invention provides a process for desalinating water

comprising the steps of evaporating saline water within an evaporator to produce water

vapour; reversibly adsorbing the water vapour from the evaporator using an adsorption
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15 Alternatively, chilled water fromthe evaporator
may be used to cool the designated desorber towers
for the first quarter of the cycle and then
re-directed to the adsorption towers for the second
quarter of the cycle. By |owering the condensing
pressure (with the cooler ch#lled water),
condensati on of vapour may be expedited as the tube

raears & eslective 7apolgitogd@iridatioh WitH ¥e R4t A8Sorbin Qhe adsorbed
| owering of the adsorbent tenperature (vvhen 20 ¢ ed

Wake¥apbir £HRNAE la@s‘i')rﬁtfbtn‘}naﬁg uﬁqg QAeLhin g?%@ﬁﬁ )mcraé/hvermg the

enhance the vapour-uptake by he ads

@ﬁgpfhgoﬁftﬁﬁagéd&g%ﬁ;sgr 'c@‘éﬁ%wtrs{ng}]atggvoﬁt g/%fbélg gcp Eﬂ%% cf'esahnated water.

evaporating saline water within an evaporator to
produce water vapour; reversibly adsorbing the water
vapour from the evaporator using an adsorption 4
rreanslnlarp@@rréé embpedipens ihe ewpeifing and adsowping stehemay be
evaporator; desorbing the adsorbed water vapour from
nehfenacti;wmtﬁtshtumt'rma:fshmdsn@tidas:maba’;,n@hema@ba thavhpour
delivering the water vapour to a condenser;

. oanaleficitidg betreanahesdssARormdads had me%éﬁdrhﬁﬁis%‘éléeﬁba&

51n a preferred enbodi nent, the evaporating and

c?%é@%%‘d”&c%@ 8%sd%ﬁ¥1§ Qﬁ%@rﬁegﬁﬁgsgﬁy%rﬁneﬁ%td%ﬁ b (s){l]bs?antlal

or pt I on nean ere

T R L.

esorblng and condensi ng st eps connenced untll a
saidp@pai Sommungcation subsegiienthireamgagased wat er vapour has
been desorbed fromthe adsorption neans, 10 said

vapoun aguefered embodimest tiseayrays off ydsoebean ge@erday beamanged into at
preferred enbodi nent, the arrays of adsorbent beds nay

léest 2tovesrgiasdch ﬂiaottﬁtdesdrbmgtste% ib petrEnedsiti ©he tdVodr ant€he adsorbing

desorbing step is perfornmed in one tower and the
sepSOpfatehed in the second tower. In a more preferred embodiment, the adsorbing
step may be performed until saturation of the adsorbent means. In a further
embodiment, the desorbing step may be performed until the adsorbed water vapour is
substantially removed from the desorbing tower. In a preferred embodiment, the process
may switch the adsorbing step and the desorbing step between the towers, either at
saturation or at substantial removal of adsorbed water vapour or when both processes
are complete. Alternatively, the processes may be switched according to other

parameters, such as economic, maintenance, water production requirements, peak

loading etc.

In a more preferred embodiment, the array of adsorbent beds may be arranged into two

groups of a plurality of reaction bed towers, such that the desorbing step is performed in
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step is perfornmed in the second tower. In a nore
preferred enbodi nent, the adsorbing step nay be
performed until saturation of the adsorbent neans. In

a further 15 enbodi nent, the desorbing step nmay be
performed until the adsorbed water vapour is
substantially removed fromthé desorbing tower. In a
preferred enbodi nent, the process nay switch the

thel §ivst Igravy antlehe adsdrttihge meessas perfgrnsddap theseoemhgionp. As with the
towers, either at saturation or at substantial

previowdy dedcribes embedmeat, @ie JRRMH toQhvitth ek PBELses may depend on
processes are conplete. Alternatively, the processes

SARYatRR, SiMstamBstheRoGRl i Ng to other 20 paraneters, such

as econom c, mal ntenance, water production
requi renents, peak loading etc. In a nore preferred
enbodi ment, the array of adsorbent beds nmay be

ﬁ[rﬁgged into ivvo, groups of a plurality of reaction
1L the desorbing step is perforned
in 5 the first group and the adsorbing nmeans is
per f dt Wildbe ponvieaientoother deagribeAbe piesenttimmeentipn evithaesdeyt to the
descri bed enbodi nent, the decision to switch the

Jeconpayis drayirgspehidh dustaat possibicQiirangeth&itast fhalinvention. Other
renmoval etc. 5 Brief Description of Drawings It w |

RRNSAANRNbEME ihRnfibh hRSosHBR NI Q‘énéeﬁg%tﬁf : ﬁrgerﬁgrticularitg of the

invention with respect to the acco raw ng
' ' ‘ ' t f the .
FR B LI SRS (PARRL B Eu B BRI TR ebe ey of the
ossi..bl e and. con uently, the particularity of the
@%@8%§%§Wtﬁp&?ﬁ%dgv?@%ﬂot to be understood as
supersedi ng the generality of the 10 proceedi ng
description of the invention. Figure 1 is a schematic

view of the desalination system and process according
to Figure 1 is a schematic view of the desalination system and process according to

the present invention;

Figure 2 is a plan schematic view according to one embodiment of the present
invention;

Figure 3 is a detailed schematic view of a second embodiment according to the
present invention;

Figure 4 is a graphical comparison of the water production of two embodiments
according to the present invention;

Figure 5 is a schematic view of the mass/flow path of the desalination process

according to an embodiment of the present invention;

Figure 1 shows a schematic view of the desalination system 5 according to the

present invention. The process involves the evaporation of saline water, which is
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the present invention; Figure 2 is a plan schematic

vi ew accordi ng to one enbodi nent of the present 15
invention; Figure 3 is a detailed schematic view of a
second enbodi nent according to the present invention;
Figure 4 is a graphical conparison of the water

producti on of two enbodi nentsé according to the

present invention; 20 Figure 5 is a schenmatic view of
subgequresthy ddndenged twithid a tbedefesab pratideodesplitg&b®ater. According to
according to an enbodi nent of the present invention;

the Prékéht InveRA¥S, tAe PRIBITRAVA VA tﬁ@ve@{po}ﬁ@r Wlﬁ@%ﬁlgﬁﬁ‘y of saline

system 5 according to the present Invention.

' I . i.on._of L wat er , .

R EERR Rl R0 BRI 1Y PR el Bt Bl oty rone

r.Qyi d esal inated water. According to, the .
PR Ralsiv ottt fltectid Buraman A e b bty S arangsd in
10 having a supply of saline water subjected to a )
Teaatignibgd %@we;ré»lg@ aieh bt Thecadsesbentdreds adsotly thej wiaeryapeur wsing an
the range 5C to 40C. Water vapour is directed to an .
adsorhyntahatemial ofo érstarioedssiiéa gel haviggd sirfade poreatea@redterdhan 500
towers 15a and 15b. The adsorbent beds adsorb the

1t eTo ¢ ARGE theSddagrp®bn, tAE SEJ0BRMt bomLiREIua¢ hedt @kchangers subject to
i nstance, a silica gel having a surface pore area

tHE SifdiBAtidn A RBPinf2/ g. To enhance the adsorption, the
adsorbeht beds Pd#cl ude heat exchangers subject to the

o e el ks o rfRE Pl pachlR B 5753 s B ERTgp g 0 Baleliprocess
ngggl,rskl%:{?vg ﬁ??\iﬁ\g% S%ﬁ%gfﬁ gggee }Pcalgé a;:;.ta;tﬁc?r%«gnt%%age? ilgvrg)(leves the water

vapour being directed to the adsorbent beds for a predetermined time. The

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

either economically or production-wise.

On the commencement of the second stage, being the desorbing phase, the
supply of water vapour is disconnected from the adsorbent beds and a conduit to the
condenser is opened. In order to achieve equilibrium, the saturation point of the
adsorbent material will be such that water vapour is then directed to the condenser.
However, for a more efficient and high production process, the heat exchangers may be
subjected to supply of heat 30a and 30b in order to extract the adsorbed water vapour.
The condenser 20 captures and condenses the desorbed water vapour, and subsequently

directs this to a water storage tank 40 containing the desalinated water.
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vapour being directed to the adsorbent beds for a
predeterm ned tine. The predetermned tinme may be a
function of the saturation capacity of the adsorbent
material or, alternatively, subject to achieving the

nost effective or efficient process either

econoni cal |y or production-wi dée. 15 On the

conmencenent of the second stage, being the desorbing
phaseWhilstenot ssgeptigl to thejaventionathe prodess aticeriingedhepresent
fromthe adsorbent beds and a conduit to the

iopentionsemails mope effidient, and sol étcréasesre it epro daction, thoughooling the
the saturation point of the adsorbent material wll
dayofalisdrbéit bead irinkRe Hﬂso'r;ﬁidn'}ﬂﬁséjé.tqu?e_taﬁg% Bgtr}]fgt&ﬁr_ay during the

condenser. 20 However, for a nore efficien I gh

G505 POSERTe4I5Eh STH, By oo

L5 L R R0 i B e e

subsequent | directs this to a water storage tank 40
%Hfa&gﬂ iS}‘&ﬁe‘%/‘ RO2: s B h3idetf byheseby the apgianihesiing supply may be
essential to the invention, the process according to
mpataged b the apprapsiatectampsratrae withnin tae efrhy tirengh cansthns o

i ncreases water production, through cooling the array
replenidbmetitent beds during the adsorpti on phase and

heating of the array during the desorbing phase. To

mai ntain the desired tenperature within the array of
adsorbent 5 beds during each of the phases, the

e M U Sl 09

circulation system

SO0V S35 3SR o ofie A R bFcncion b
tgv?/grsst Qtto 56(?, %lacel{] La?vrl]rrlrge snetp'arate adsorbent bed arrays located therein. As with
the general schematic of Figure 1, saline water 115 is fed into the evaporator 125 with
the water vapour being directed to each of the reaction bed towers 50a to 50d. The
reaction bed towers 50a to 50d are each connected to a supply of hot water 70, cooling
water 75 and chilled water 80. In this schematic view, each of the aforementioned
supplies are made available through common supply lines 55a, 60a and 65a with the
communication of these sources being subject to selectively operable valves, which are
opened or closed subject to which phase the respective tower is operating under. The

subsequent waste water is fed into corresponding common lines 55b, 60b and 65b for

re-circulation to the various supplies.

Describing in more detail these supplies, the cooling water is circulated from a

cooling tower (not shown), whereby the collected heat from the reaction bed towers is
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10 Figure 2 shows a nore detail ed view of one

enbodi nent of the present invention. The desalination
system 45 of this enbodi mrent shows four reaction bed
towers 50a to 50d, each havi ng separate adsorbent bed
arrays located therein. As with the general schematic

of Figure 1, saline water 1158is fed into the

evaporator 125 with the water vapour being directed
dissipatarhtodhe emeronarent.i Dhe feemboledwedter T0ia then rofigmedBehd Eommon
reaction bed towers 50a to 50d are each connected to a

cdoledlwat€f life0avot &ktribtiof @Pthi ﬁﬁpro}ﬂﬁ&t@ "rea?:ﬁoﬁ”‘ BE’d W er lithe

water 80. In this schematic view, each

a?g%ﬁm A stﬁ%f) | ﬁie%qgé&?thg%?or%gﬁ%%ﬂvd@% ? ”9159 Y Breferable to
Dj

SR R e i O RL b s

P bl S e

into correspondi ng conmon |ines 55b, 60b and 65b for

r e- ci Fhethoimains supply weed inrthe desothing bhass comprises dwaigr supply 70
nore detail these supplies, the cooling water is
sobjectutoatedtifig sonree. clnainieregnbiodimeent (the heatingwolirce wivgrtewaste heat
the collected heat fromthe reaction bed towers is 8

fedrs Sfopiistilcé, A dad eurbihéi SxRAIEE BE alteﬁﬁ&xv@ﬁf 6081 £nd@hsE eﬁgrgy
is then returned to the common cool €d water |ine 60a

soBfce Qha{ & s%‘}ﬁr'lﬁguﬁgg ﬁfs&ﬁe&m r&Qrdoﬁ(f&})éﬁﬁgélh%ﬂttE i ?Mrgg of

in the adsorbent ase. It shou
rable to

f
BB s LRBR B PN RPN Bhfal Raifeomvensona
circul ated water y be 5 dunped, used for a
lﬂﬁ?efé?%ﬁfmrﬁﬁ’%’i‘ffs By Beeeths used as a tertiary

cool i ng supply. The hot water supply used in the
desor bi ng phase conprises a water supply 70 subject
to a heating source. In one enbodi ment, the heating
sour cherhay wateriQs tiesupphed to the common supply line 55a and again

distributed to the appropriate reaction bed towers 50a to 50d. It is subsequently
collected by a common waste hot water line 55b and returned to the hot water supply
100 for re-heating. As with the cooling water, it may be preferable to re-circulate only a
portion of the hot water. The remaining water may be dumped, used for a secondary

purpose, such as assisting with evaporation, or used as a tertiary heating supply.

The chilled water in this embodiment is provided by the evaporator 125,
whereby the latent cooling caused by the evaporation of the saline water chills the
chilled water supply, which is then delivered to the common supply line 65a. As with
the other lines, the chilled water is used within the appropriate reaction bed tower 50a to

50d and returned to a common return line 65b to be collected by the evaporator ready
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from for instance, a gas turbine exhaust or

alternatively, froma renewabl e energy source such as

sol ar heating, geothermal, or a conveniently placed

thermal mass. OF 10 course, where such convenient |ow

cost energy supplies are not avail able, conventiona

hi gher cost energy sources may be used. The hot water

105 is supplied to the comon supply line 55a and
fayrd-ehillitigs As whitht thel hotoandlveobipgpwater swstems, eabt 4 portioe df the chilled
towers 50a to 50d. It is subsequently 15 collected by
wateoay be vasiteulited, with the rbraigirfporasitldumbsd, 88 8sddqo téL8tock the
hot water supply 100 for re-heating. As with the
&@ghgagk%@ﬁﬁﬂy.it may be preferable to re-circulate

only a portion of the hot water. The renaining water

may be dunped, used for a secondary purpose, such as
assisting with evaporation, or used as a tertiary

heat i ly.. 20 The chilled ter in this _

enbodi %Eﬁig‘g&s‘}/%b‘é’r‘?‘argde@vr Pﬁgo@gg HE‘r"é’Png yater or ghidled pyater
the |latent cooling caused by the evaporation of the
sYRPHssanRRbLsed in fheconfenser:tyi further epbanae theiwptoy progducten rate

is then delivered to the common supply line 65a. As

through condensingéhe Walteesapouhmadt avdiktlethtomghitise deserbing stage. The
Wi thin the appropriate reaction bed tower 50a to 50d

desalimetdunatedd 3 3 thercdulivered e therwatkr srmgp?/:'d@oﬁage e
col l ected by the evaporator ready 9 or re-chilling.
As with the hot and cooling water systens, only a
portion of the chilled water nmay be re-circul ated,

. . . used 1o re-
the  SrHEEERBMT SRRk I EYIRRE ¢ Bkl %‘Fﬁ%‘bﬁ?ﬁﬁ’%e

i . h i | - ¢hi . \wat er
Gt ehindy Ve 86 19 SDLUHBIIRSF 1t (e ehing phase and the
enhance the water production rate through condensing

TEPRAINRE WO 0W§Ew P OvatieS U atp imnthe desarbing phaseh & ot dkis pyapgement to

stage. The
occur, the valves controlling the circulation of the hot, cooled and chilled water as well

as vapour gates for the evaporator and condenser must be selectively controlled. For the
adsorbing phase towers 50a and 50b, it will be necessary to open the re-circulation
valves to permit the cooled and chilled water to circulate through the appropriate heat
exchangers in the appropriate towers 50a and 50b. In this embodiment, a first tower 50a
may selectively open the valves for the cooling water and the second tower 50b may
open the valves for the chilled water, both of which aid in the adsorption of the water
vapour from the evaporator. Clearly to have access to the supply of water vapour,
communication with the evaporator 125 is required. However, non-adsorbed water
vapour will be prevented from moving to the condenser 120 and therefore, the vapour

gates connecting the towers 50a and 50b to the condenser will be closed.
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desal.inated water 85 is then delivered to the water

supply storage 80. 10 The arrangenent of Figure 2

lends itself to a particul ar enbodi nent of the

present invention, whereby two towers 50a and 50b are

in the adsorbing phase and the remaining two towers,

50c and 50d are in the desorbihg phase. For this
arrangenent to occur, the valves controlling the

ci r cuCartvierselyo the towvetratOc andSDé ih thedlesdrbingarhavedl have the valves
wel | as vapour gates for the evaporator and condenser

conatcting thehaovatvelothe Sipropridtedwerds0d 44 SHa pea&d, Rhdthe valves
phase towers 50a and 50b, it will be necessary to open

e ) :
%&%ﬁ)}l@g% cEUhiatibPBf thydhilRe ah@c&&g{gwg@g? Ry t@tgged. Thus,

water to circulate throu propria

e S EAEBA T B4 B 30 W apo o
LB L L B850t S ot B S o

chilled water, both of which aid in the adsorption of
Rreveniask flspm beingzadsenbed by the adsorbonrtpnatarialdue @ therdlgvatad

have access to the supply of water vapour, -
temprenature edvised byithehhdt lvatarreqoircddbtion. 10dnseguentlsythe eghour gate
However, non-adsorbed water vapour will be prevented
donaeoting \tha@wieds §McardBdes HeS evhpérafnd 25 ken 8k @lRed.t he
vapour gates connecting the towers 50a and 50b to the
condenser will be closed. 10 Conversely, the towers

50c and 50d in the desorbing phase will have the

12 SR RRRSE 2 U 10 Ao B0 BRGBRT) F pets

towers and e val ves
re-circul.atigon of the chjlled a cooal i n ter

S AetorY Heov e Tapeln o toer S0a o th pirigoadiag the
aid in desorbing the adsorbent material of the water

adsprbemt maerial wigh waler yanayr fiem e suenesater 12fbfor s othsrtewers 50c

wat er vapour fromthe evaporator will be prevented

dnd Sl b dilenge aaibidst iaeiproyess heccading td Hrtpreseheinvetiogiie essentially a
t he el evated

batch process, the arrangement just described facilitates a continuous flow of water
vapour through the system, maintaining water production at reasonable levels. It
follows that water production will not be uniform as there will be significant lead time
in recharging the various towers 50a to 50d, either to elevate the temperature when

changing from the adsorption phase to the desorbing phase, or conversely, dropping the

temperature for converting from the desorbing phase to the adsorption phase.

Figure 3 shows a further embodiment of the present invention. This particular
embodiment comprises four reaction bed towers 135a to 135d arranged in a cluster 130

to achieve a “temperature-cascade”. This cluster may be one of several clusters, all
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tenperature caused by the hot water re-circul ation.
Consequently the vapour gate connecting the towers
50c and 50d to the evaporator 125 will be closed. 10
It follows that at the end of the cycle, the roles of
the towers will be swapped so as to desorb the water
vapour fromthe towers 50a and 50b, whil st rel oading
the adsorbent material with water vapour fromthe
epegiimgarithin tgssafrprsystem aidHer instanes, sadiDdustandapbelin
Hence, whilst the process according to the present
¢omvierimitation Witle dfeadinealhporator Bt &dhdphgReess, the
arrangenent just described facilitates a continuous
fl ow of water 15 vapour through the system

mai nt ai ni ng water production at reasonable levels. It

foll o&@wﬁﬁ% ié‘@bfo'hs ﬁm%ghll?ﬁ%n \éﬁcujcuﬂ{) Bn Qfséeugﬂgl oﬁ%&%{sq%emented

there e signi |ca

rijous towers 50 |ther t eI e the
VRS B oS SaneR P r e sigofn eiond Jo it e gond o
to the desor bi ng phase, or conversely, drop t he
VérpEItane %OIfD@Pteé émeashaf e reacsianbed t@egr@rlaﬁaa go glﬁals elhegowers

the adsorption phase. 20 Figure 3 shows a further
aserbduequently sbmidetedpo es-eirtulativelmds dor the lebslingawhier LdGhy, chilled
enbodi ment conprises four reaction bed towers 135a to

Wbl 4pbrandded water d 50, UAE discus3ed irl the pEvidM@nibodiment, each of
"tenperature-cascade”. This cluster nay be one of

thE¢aERlrcElatish Bh& maY be ddnnebRE 'E@Hie%gl Yﬂa’i Ednﬁgé ARhSRWeooling

system and for instance, each cl ust e |n

tgglg}%? 'tl‘?ea(%oﬁﬂg Wag} sgﬁ%e %ia éﬁcﬁg{o ? rrtg? ?1% Hch ge% IGurce. As

evi ous enbo

W%‘%Bwfea??qsrﬁtg?e”%'w R F quig““cﬁ{ﬁ?&?c@iat S mpsorice

and hot water 150a are connected to each of the
sexgret glutens and fyienravidims siiigent3se of thedniresiesire in connection to

multiple clusters.

As with the two-tower embodiment, the cluster embodiment involves emulating
a continuous water production system through an efficient use of a batch process. In
this embodiment, two towers 135a, b are in the adsorbing phase and two towers 135¢, d
are in the desorbing phase. To optimise the supply of water and efficient use of capital
infrastructure, the primary adsorbing tower 135a is in communication with the chilled
water supply 145a through opening valve AV2. The chilled water is returned to the re-
circulation line through opening valve AV14, so providing a direct line for the re-

circulation of the chilled water.

The secondary adsorbing tower 135b receives its temperature coolant from the

cooling water line 140a through value AV6 and re-circulated through valve AV17 to the
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are subsequently connected to re-circulation |lines for
the cooling water 140b, chilled water .145b and hot
wat er 150b. As discussed in the previous enbodi nent,
each of these re-circulation lines nmay be connected
to the original source such as a cooling 10 tower for
the cooling water source or tHe evaporator for the
chilled water source. As wth the evaporator and

 recigalatien ling A40k upp Wjthghelprimaryi adsorbirtg towet 1 3fes thessgcondary

service several clusters and thus providing efficient
adserbirfg tower 1 3ty pestits vapowe ré-vircdai@chackio the eviapbriatap tigough gate
clusters. As with the two-tower enbodi nent, the

wiluesGwy, enbodi ment i nvol ves enulating 15 a continuous

wat er production systemthrough an efficient use of a
batch process. In this enbodinent, two towers 135a, b

are in the adsorbing phase and two towers 135c, d are

int d ! h . opt.im se the supply of .

ot er SRR PR e & Reiiethfintonsig B Heriraer supply ine
e primary a I ng tower, 135a i s in comrunication

’:/#F ﬁ‘l?‘?HgaSl E%ii“? ?*3@7[ blj%é%é embadignept, theshotrwaten syrplyps diragied through

val ve AV2. The chilled water is returned to the re 20

the pemagy desarbing @ wen d 3Sgyandohemdinestedatothe gegondary slesorbing tower

providing a direct line for the re- circulation of the

BiidIthrodghwitlee A ViXTearslesnbsedaent]yatd ging hotrveptéraeirciREbn line 150b

receives its tenperature coolant fromthe cooling

thaiugh vhivees2M)a t hr ough val ue AV6 and re-circul at ed

t hrough valve AV17 to the 12 re-circulation |line

140b. As with the primary adsorbing tower 135a, the

secondary adsorbing tower 135b permts vapour

re-ci ' k t he. evapor.at or through ga -
Vel v et BT HadiR felire GRR L Sharo e Hie iefiprd to he
connection to the hot water suPpla/ l'ine

common vapour condenser line from each of the desorbing towers 135c, d through gate

valves GV5 and GV7 to direct the desorbed water vapour to the condenser 165.

A feature of the cluster embodiment is the flexibility to operate a “temperature
cascade” between the reaction bed towers 135ato d. It can be seen that there is a
temperature differential between each of the towers with 135a receiving chilled water
and so colder than the coolant provided to the secondary adsorbing tower 135b.

Further, the direct hot water connection to the primary desorbing tower 135¢ would heat
the adsorbent beds to a higher temperature than the equivalent adsorbent beds in the
secondary desorbing tower 1354, as the secondary desorbing tower 135d receives the
“used” hot water from the primary desorbing tower 135¢. It follows that the “used” hot
water will be cooler than water in direct connection with the hot water supply line 150a.

It should be noted that in an alternative embodiment, the secondary desorbing tower
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150a t hrough valve AV7. In this enbodi ment, the hot

wat er supply is directed through the primary

desorbing tower 135c and then directed to the

secondary desorbing tower 135d through valve AV27 and
subsequently to the hot water re-circulation [ine 150b

t hrough val ve AV22. 10 Conseqb”ently, t he vapour

resulting fromthe desorbing phase is delivered to the
BayTRsALVe gpbwatec muoensssonddry sovreehavaeg i tepiperdtere less than the hot
desorbing towers 135c, d through gate valves GV5 and
Ya(er supphli lirecl 5 Oaloghed elseor the tussd? Rot w0 UThuisOsecbfdary sources of hot
condenser 165. 15 A feature of the cluster enbodi nent

watet Wvirdd Pory Do bhdtgl PeRMRARAER nfay BeE9RE LA KHIE aclﬁ@v%ctgg e

bet ween the” reacti on bed towers "135a to d. ItI can

' .at [ I i we
SEBRraLC kARG 8 ofhse] EERELRLHE ks BERI By e dfbe

: | d than.,the cool ant .provi ded to t.he .

oot 8 oS HERY in Bin end Ry Biiiengiey bic Ui mepusty
hot . wat er copnection to the primary desorbing tower,
meHionGe ANgWiRRISeNeLRy SPHECes ALY} SrORPMEFRYSa of diregt epeegy input such
tenperature than the equival ent adsorbent beds in the

asapapvendeledyeithi ng t ower 135d, as the secondary
desorbing tower 135d receives the "used" hot water

f r om Inhefugthememiyodirgent; thengpdspace Wb thé bptiahllpysuratedt
the "used" hot water will be cooler than water in

Ais61861s 268 MOAGhiuPeN\iddriciEarl ‘aEsiF{?éaekb bRURRE-YordeBfed Hfgh valves

It should be noted that in an alternati ve enbodi nent,

&8 2@ ﬁi{;’l% r g%ﬁ ?i.hﬂg gér@%it&iﬁ th%gﬁéggr?oge%\éﬁtggﬁl% eintervals, but -

wat er ma secondary sSource navi

h he hot water suppl i ne _150a other than __ . .
RO RS s 8e8 Bk g £PodB DuS pporE. This i
i i t b d
twagxmpt edﬁsr E %/ Ilarggq“\égwr y altli%gio%n(%%g )Igrorcgglﬂle rwehrircehnissa fgarmy of %ezijtsaid mass

recovery, providing a further boost to water production yield of the desalination plant.
During the pressure equalization through opening the appropriate valve GV9 or GV 10,
the tower which was previously a desorber would experience a sudden drop in the
vapour pressures and thereby partially releasing more adsorbate (vapour) from the silica
gel. Concomitantly, the previously lower pressure adsorber tower would experience a
sudden rise in vapour pressure, causing an increase in the uptake of vapour by the
adsorbent. Such an energy recovery is conducted without any external heat input
because the process utilizes the energy stored previously.

Another aspect of energy recovery procedure is that the externally supplied heat
source to the towers could either be by-passed momentarily or continued to supply into

the towers. Should the by-pass mode is used, energy input to the plant could be
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tenperature cascade of the cluster enbodi nent. Sources
of such hot water will be 5 evident to the person
skilled in the art and for instance, may be of the
previously nentioned renewabl e energy sources or an
econom ¢ cycle of direct ener%% I nput such as mains
and electricity. In a further*enbodi nent, the vapor
space within the optinmally saturated adsorbers and
ey ad. Urheseprogessey el begst thtatesajmatbdtweatreyield by a further 10 to
i nter-connected through valves 10 GY9 and GV 10 over
&8%hort finite period within the prescribed sw tching
intervals, but conconmtantly, the towers remain

i sol appst froR1MHE Afore eFTEERS SanBfin &Y %Peﬁég? the Jlil]bl%r érﬁbodlment

termed as the pressure equal i zation ( rocedure

HWu?g‘thb ?e drupl Qe ?&el&@ggg%sﬁmforrﬁlc\g%% ffrogﬁ{tho\éll d(liycging of the

urther 00st. 10 ronyreld
ation the ssure e uallz tion

%ﬁ%@’&g é%ﬁmﬁ%ow nemgbvp Serst G Fseater. o sy Spting of
the tower whic previously a desorber would
OwsEY hetiesn the %%Pa‘élﬁg &% 66§0ﬁb1f1& phasg aprsithese ésa smalderdergperature
thereby partially rel easing nore adsorbate (vapour)
¢1ff§¥?ntlh1efg§ theirezstiondkd tavoers tmi teaerme beforeefficientlp addoybing or .
| ower pressure adsorber tower woul d experience a
dagaidbéng watsevapouv,as approprises Thes, confpasibagb@vebn teQhgeri N
t he uptake of vapour by the adsorbent. Such an energy

erBlscainBEM ih $‘1%gé1dlﬂ§§}@dvd/ﬁ§aﬁﬂﬂﬁle%¥ t@a&&xeéxﬂ@ddlﬁ%ﬁ'@prhﬂeﬂay

20 because t process utilizes the energy stored

R AU H il PRI AEL, bBEPSEOSS ?rF ré?ﬁcg%npt{ Lﬁg&pdé/r% eéf producers of

procedur e |s that the extern :
%eg%liﬁgelﬁlte gﬁ%g uq%l?ﬁegn c{dﬂgelﬁéﬁg& E’Ed er lgp %lﬁ'grér%ia%etween
B bk s e A oo
desal inated water yield by a further 10 to

the cluster embodiment and which embodlment of the present invention will suit a
certain application will be determined based on case-by-case basis.

In more detail, Figure 4 shows the cyclic fluctuations in the production of water
from an experimental desalination plant, With 144 kg (4x36 kg ) in the 4 towers, two
operating strategies are studied, namely the 2-tower and the 4-tower cycles, at the
standard rating conditions (Tn=85°C, Teoo= 31°C, Teninea=15°C). It was found that an
average of 38 kg/h of desalinated water could be achieved for a 4-bed cycle and about
35 kg/h of desalinated for the 2-tower cycle. Translated in terms of the specific daily
yield in m? of water per tonne of silica gel, the production yields are respectively 6.3 m*
and 5.8 m’ per day per tonne of adsorbent.

To extract the potable water, a simple vacuum pump or a 10 m U-bend discharge

tube may be readily incorporated from the storage tank. Such variations, and others not
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15% Apart fromthe nore efficient managenent of
energy, the cluster enbodi nent having the tenperature
cascade yields a nore uni formwater production.
Cycling of the 5 reaction bed towers fromprimary to
secondary wi thin each phase, and also cycling of
towers between the adsorbing ®hd desorbi ng phase nean
there is a smaller tenperature differential for the
ftetad thup dyibg dvithinethe commare gemsrel krsfwiedgee il dieeciehryto the skilled
adsorbing or desorbing water vapour, as appropriate.
dddressexonpari son between the cluster enbodinment in
Figure 4 is shown agai nst the two-tower enbodi nent
previously 10 described. As will be noted, both

met hods are efficient, |ow energy producers of

desal j g@gte}“ﬂg gér%% Pig%:@gf &{nlfr‘?l'%l%gal %QBQ %iesr%igxtgﬂoréﬁldmts are of the

DFOVi INng a S erentl a etween

r,OU oduct,j on. Thjs, ourse, is.offset agai.ns
Hg ﬁfé‘ﬁglrmc Blopspeg sy OREDFRBhE [l doie nidein b present
whi ch enbodi ment of the present invention wll suit _a
IB¥eRtoNN1SA0 glai"% modylar design for the reaetor teverb.aasauropesed in Figures 1 to
case-by-case basis. 15 In nore detail, Figure 4 shows
3 He 209 tanne capagity wdtadsnrberitpet Heloptyphtokieo mayfhawahetiameter of 4 to
froman experinental desalination plant. Wth 144 kg

{34 Ae)glitof DB en,4sishover én Figwee 1,0perating strategies
are studied, nanely the 2-tower and the 4-tower

cycl eSenstuctidie i I L =
1 gt A 050 SR SO AT S

. ' t ) ' d f.or. .
Sl e, 155 B BLE A HESILE ol Baning e
S <R e PR S0 e bS5 ot
t he production yields are respectively 6.3 n8 and 5.8
Bt loaks g ambient. Db confirugtion Psdinds may hacadoatad, endwill be clear to

got able water, a sinple vacuum punp or a 10 m U-bend
the eleiHed agddressee, without affecting or limiting the scope of the invention.

For such a plant capacity and operating at the standard conditions, the predicted
yield of potable water is about 1.25 MGD. Multiples of such 4-bed cluster design may

be used to satisfy a need should a higher water production is required.

Figure 5 shows the regenerative heat flows from the adsorber towers and the
condenser into the evaporator of the adsorption desalination plant. From 1st Law
analysis, the heat input is given simply by

Oin == 1)Q ot + Qans)
where n is fraction the amount of regenerated heat to the total heat in the process
(assuming equal amount in both the adsorber towers and the condenser). The COPap is

given by the ratio of the energy used to generate the condensate to the heat input, i.c.,



10

tube may be readily incorporated fromthe storage
tank. Such variations, and others not 15 stated but
lying within the common general know edge will be
clear to the skilled addressee. Most water production
si zes of commercial scale desalination plants are of
the 5 order of million gallolfs per day (M3D). One
alternative falling within the present invention, is
to have nodul ar design for ,t hesreactor towers, as
proposed in Figures 1 to 3J.m,§s2d0 tonne capacity of
adsor bent per "si Ié,?"-type fpower y have a di aneter of
4 to 5 mand a h '%tAleZ,S m as®sfioyn in Figure 1.
Construction costs may be rﬁ@y&@d by  usi ng hi gh
strength foam concrete as tghe ~ 10 structura

materials, lined internally with a thin inner steel
sheet for nmintaining the vacuum conditions. Foam

oncrete .t rs _proyvide good therm insulatjon and , .
FroE® BB R0 b Goffbaraetveah Fier (B e eRUE P boiler or
gt hods may be adopted, and will be clear to the
plinatay wheathe deat reggneratilye ipdoxe By Yasis §fom O toj h§S tBrgween these
scope of the invention. For such a plant capacity and
beas atie megeaerating indearitd vebuddhaiet dnoopsima wherertbe wetercproduction is
15 yield of potable water is about 1.25 M3D. Miltiples
rafixismeh add Hed, alrelistic opestig pohy fob theliBrption Aints Fyr the water
need shoul d a higher water production is required.
ten@eragir® oF@MPortalt (ﬂ%edb%[cﬁ%b"lﬁﬂﬁ@@_tbx &lﬁ“ﬁgfeﬁ&ﬁﬂi@é‘?rocesses), it
adsor ber towers and the condenser into thé evaporator
' ' [ T t La
Bbufife AASCEALLAP %ﬂlﬁﬁg% ;:@gqgfggﬁwel perdly b Hey e e, COP of the

anal ysi s, the hea rven srnp

n d + DS ), where I s fractjon.the anouynt of

PR ioek SER, AsHiFRS Bosklinatiodiplanh it HomRRgIALY detter than the
conventional “kettle” boiler and it has the added advantage of much lower fouling at the

evaporator.
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(assum ng equal amount in both the adsorber towers and
the condenser). The COPAD is given by the ratio of
the energy used to generate the condensate to the heat
input, i.e., 16 COP ADt f mmfg Ot f Qinput O n
1-r 5 The range of COPAD woul d be conparatively better
than the "kettl e-type" boi | er!or desal i nator when the
heat regenerative index, n, varies from0.3 to 0.55.
EbAWMSn t hese val ues, the regeneration index "n"
woul d have an opti ma where the water production is
maxi mum and thus, a realistic operating point for the
adsorption plant. For the water tenperature of

EVapOAa&a‘ﬁér(fe*satlﬁfau@l%‘ﬂfs@er@@orﬂf)hhhéed by the regenerative
processes), it to should be equal or |ower than the

f th
i ve%%%i‘?ﬁ’?%?m"ﬁ &S%Hlﬁelgfggn‘ﬂm ant is
h t
ks 31;1’%% IR i SoEE yenpon STAREAE B AR apBtaLR: or

fouling at the _evaporator. 17
reversibly adsorbing the water vapour from the evaporator;

said adsorption means in selective vapour communication with a condenser, and;
desorbing means for desorbing the adsorbed water vapour from the adsorption means
for collection by the condenser;

said condenser adapted to condense the water vapour to desalinated water.

2. The system according to claim 1, wherein the adsorption means includes at
least one array of adsorption beds, each bed comprising a quantity of adsorbent

material,

3. The system according to claim 2, wherein the at least one array of adsorbent

beds is arranged vertically within at least one reaction bed tower.

4, The system according to claim 1 or 2, wherein each bed includes a finned-tube
heat exchanger, said adsorbent material placed in interstitial spaces between said finned

tubes.

5. The system according to any one of claims 2 to 4, wherein the adsorbent

material includes either or both silica gel or synthetic zeolite.
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CLAIM5 1. A water desalination systemconprising : an
evaporator for evaporating saline water to produce

wat er vapour; 5 an adsorption neans in selective
vapour communi cation with the evaporator for

reversi bly adsorbing the water vapour fromthe
evaporator; said adsorption nmfans in sel ective vapour
communi cation with a condenser, and; desorbing means
§.or dERpMistenyadchadingvoanysthewd tims 2 po 5y wihdrein safdematerial includes
adsorption neans for collection by the condenser; 10
sairfice poeneetotdeha phiadsdoantgndense the water vapour to
desal i nated water. 2. The system according to claim1,
wherei n the adsorption nmeans includes at |east one
array of adsorption beds, each bed conprising a

uant+ ri-al. . 3, The syste .
Hecor TiosyRenARatdiEto i ot Blaind 210° G BABERT s becs
.0f, adsor bent. beds is arranged, vertically wthin at
Relne e haap TR RetBRIRS nerf notanag o dita suoin i agsorbent
to ¢glaiml or 2, wherein each bed includes a
PAERld- t ube 20 heat exchanger, said adsorbent
material placed in interstitial spaces between said
finned tubes. 5. The system according to any one of
clains 2 to 4, wherein the adsorbent material includes

&i t heFhemystent dcotding® @§lonelof Hiefirbeiding Asifls] WherekBthe 6.
The system according to any one of claims 2 to 5,
ARG RON niedhdlinBRIIBS 4 BbollRGh&HE Proximate to the array of beds for cooling

each bed to aid in the adsorption of the water vapour.

9. The system according to claim 8, wherein said cooling means comprises cooling

water circulation system for circulating cooling water to the heat exchangers.

10.  The system according to claim 9, wherein the cooling water is sourced from a

cooling tower.

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

cooling tower.

12. The system according to any one of claims 8 to 11, wherein the cooling means
further includes a chilled water circulation system for circulating chilled water to the

heat exchangers.
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a surface pore area not |less than 500 n2/g. 7. The

system according to any one of clains 4 to 6, wherein

each of said beds 5 includes a nesh adapted to

encapsul ate the heat exchanger so as to retain the
adsorbent material. 8. The system according to any

one of the preceding clains, erein the adsorption

nmeans i ncl udes a cooling neans proximte to the array

b3. bedbe systene aesiording ocleian h2,belkrein tid chilled whter is sourced from the
adsorption of the water vapour. 9. The system

esaporatbrng to claim 8, wherein said cooling neans

conprises cooling water circulation systemfor

circulating cooling water to the heat exchangers. 15

10. The system according to claim9, wherein the

£001 L08: YRR ol SR AMlal § TG INLAYEr cildtadlsystem

syst em accor di ng to clarm erern e Coo

- [r.eulation tem, re-circul ates | east a
N fEhisies et Rl Hald Ry Rl BPacoxshinehn Hhekto e arammmars
back to the 20 cooling tower. 12. The system
according to any one of clainms 8 to 11, wherein the
cooling neans further includes a chilled water
B.r cuTha systensgesoeding tor anyi anewlf #he prgceding ¢laishswavhereir the desorbing
the heat exchangers. 19 13. The system according to

meaisimd@des\atentingniches mokinael ot afray 6f balsfoekkbating Bhch bed to
the evaporator. 14. The system according to claim 13,

b & BleretdiptioIof the ddWRb&Y whatef Gapogt.i On system 5
re-circulates the chilled water fromthe heat

exchangers back to the evaporator.

16.  The system according to claim 15, wherein said heating means comprises

heating water circulation system for circulating hot water to the heat exchangers.

17.  The system according to claim 16, wherein the hot water is sourced from a hot

water tank.

18.  The system according to claim 17, wherein the hot water circulation system re-

circulates the hot water from the heat exchangers back to the hot water tank.

19.  The system according to claim 17 or 18, wherein the hot water tank is supplied

energy from any one or a combination of waste heat, renewable energy source or mains

electricity.
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15. The system according to any one of the preceding
cl ai ns, wherein the desorbing neans includes a
heati ng means proximate to the array of beds for
heating each bed to aid in the desorption of the
adsor bed wat er vapour. 10 16. The system according to
claim 15, wherein said heatin® neans conpri ses
heati ng water circulation systemfor circul ating hot
It er Thosyisten hesarding thelaige t $. whetein Theewasts heatnisyroeiddil figm the
to claim 16, wherein the hot water is sourced froma
dbbustofaaheturbiask. 18. The system according to claim
17, wherein the hot water circulation systemre-
circulates the hot water fromthe heat exchangers back
to the hot water tank. 20 19. The system according to
| ai ank |s uppl i ed
%1n-er oyt ssRlent Secoll1fE & lafl B 8020 WRbEln 2 b o fisBray ource
mab e _ener ourc electr|C|t 20 _20.

R e e agPu 08 ogﬁoalﬁefi,gemmwleﬁ thgrgakmass.
heat is provided fromthe exhaust of a gas turbine.

21. The system according to claim19 or 20 wherein the
renewabl e. energy source 5 includes any one or a
Lonbi Hea systenviccouling tomytonegd olalires Aid 2 hedierein tHehaeraywif
mass. 22. The system according to any one of clains 3
ddsoidenteds eienartdngediintayt lodst 2ackwersioh e thse ds6rbing means is
arranged into at least 2 towers, such that the

£HE90 PO oWRARSR 1he adtbingGndals ANRVOWEhe @%nﬁqgwer
adsorbing neans is active in the second tower. 10

23.  The system according to any one of claims 2 to 22, wherein the array of
adsorbent beds are arranged into two groups of a plurality of reaction bed towers, such
that the desorbing means is active in the first group and the adsorbing means is active in

the second group.

24.  The system according to claim 23, wherein the cooling water circulation system
is selectively active with a portion of the reaction bed towers within the second group,
and the chilled water circulation system will be selectively active within the remaining

reaction bed towers within the second group.
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23. The system according to any one of clains 2 to 22,
wherein the array of adsorbent beds are arranged into
two groups of a plurality of reaction bed towers, such
that the desorbing neans is active in the first group
and the adsorbing neans is active in the second
group. 15 24. The system accotlding to clai m 23,
wherein the cooling water circulation system is

¥el echipvedeys foc desabinwtingwatepcorprisingfhetsteps béact i on bed
towers within the second group, and the chilled water
®iaporating saline SyBéronithih lah ebgpozabert fry@lce vaged Wpod;t hi n
the remaining reaction bed towers within the second

18V &Q4iBly adkorbims the vﬁft&%?@mf 26m WS & Bﬁwr%Pﬁ’aﬁﬁrdsorgFion means in

conpri'sing the steps o evapor ati ng sal rne wat

W t hi f.er._yapour;
rever SiE My FHAREE R ba R Bt BBl e

vaporat or .usin n adsorptio ans.in selective |
B b8 s e B 4RO Foe AR iargReans uaiegiephipe means
t he adsor hed water vapour fromthe adsorption neans

usi nndslsbyosingfheueates vapous toeicpudansery t he water vapour

to a condenser; condensing the water vapour to form
apadensingthe watwtvepour26 forfindesplimatebwater.cor ding to cl ai m

25, wherein the adsorption neans includes at 10 | east

one array of adsorption beds, each bed conprising a
Zuant i The proceas acmooding to chaine 25 akherdif. thd idsopptivhessans includes at
according to claim 26, wherein the at |east one array

ledst anls atrHestt adeerdsioh Hedy, eadhaRA cofiprisimld duantitydfhdddrbent

| east one reaction bed tower.
material.

27.  The process according to claim 26, wherein the at least one array of adsorbent

beds is arranged vertically within at least one reaction bed tower.

28.  The process according to claim 27, wherein the evaporating and adsorbing steps
are performed until saturation of the adsorption means, whereupon the vapour
communication between the adsorption means and the evaporator is selectively
disengaged, and the desorbing and condensing steps commenced until a substantial
quantity of the adsorbed water vapour has been desorbed from the adsorption means,

said vapour communication subsequently re-engaged.
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15 28. The process according to claim 27, wherein the
evaporating and adsorbing steps are perforned until
saturation of the adsorption nmeans, whereupon the

vapour communi cation between the adsorption neans and

the evaporator is selectively disengaged, and the
desor bi ng and condensi ng step® comenced until a
substantial 20 quantity of the adsorbed water vapour

Mhs bEesprdesss rbemtding soranheneaidaiptsi2Sio B8 awBereingthe adsorbing step
vapour communi cation subsequently re-engaged. 22 29.

ihbledey deatingeolitd Wtet Proxitiate iethelanal dF BBdsXor E&bIRG; each bed to
wherein the adsorbing step includes circulating
ﬁ@gﬁﬂ@gdgﬁﬁﬁéngfﬂéhﬁﬁ& b &t he array of beds for

cooling each bed to 3 n t he adsorption of the

wat er vapour. 5 30. The process according to any one

of clains 25 to 29, wherein the adsorbing step

rt I ncl udes e ulatin h||| er, proxjmte .
15" nEReprBEs Becurins W oY ofites qlﬂalsggéﬁ'a te thy adsopping step
égg adsorption of the water vapour. he rocess
g asindes dreatnfing chillsd waterinrexipmte to th@arr tedp forredilling each
desorbing step 10 includes circulating hot water
adde iaidbinghe adsotpgioarafdlye watebeafmuf.or heating each bed to
aid in the desorption of the adsorbed water vapour.
32. The process according to any one of clains 26 to
31 wherein arrays of adsorbent beds are arranged into

At | epsd rgcés@‘ﬁ@éo?dmglt'& Bng S ofl dMimd 93 1% @gr\ghe%ﬁpché desorbing step

perforned in one tower and the adsorbing s
122[ %&gﬁtqlalhﬂ thlaF}viﬁ fb%rg%\g?(glthﬁé?}g 05%?% V\tr@?heagn ocfach Qed to aid

S GBI RBP MBI IABHT he appl i cati on of Che
adsor bi ng step and

32.  The process according to any one of claims 26 to 31 wherein arrays of adsorbent
beds are arranged into at least 2 towers, such that the desorbing step is performed in one
tower and the adsorbing step is performed in the second tower, until saturation of the
adsorbent means in the adsorbing step tower, and adsorbed water vapour is substantially
removed from the desorbing tower, whereupon the application of the adsorbing step and

the desorbing step is switched to the opposed towers.

33. The process according to any one of claims 25 to 31, wherein the array of
adsorbent beds are arranged into two groups of a plurality of reaction bed towers, such
that the desorbing step is performed in the first group and the adsorbing means is
performed in the second group, until saturation of the adsorbent means in the first

group, and adsorbed water vapour is substantially removed from the second group,



the desorbing step is switched to the opposed towers.

20 33. The process according to any one of clains 25

to 31, wherein the array of adsorbent beds are

arranged into two groups of a plurality of reaction

bed towers, such that the desorbing step is perforned

in the first group and the ad®orbing nmeans is

performed in the second group, until saturation of the
wlerenroarthe applivstiomof the afsarking stgpaug theadedorbitsstéyeid switched to
wat er vapour is substantially renmoved fromthe second
the opgnse@ groupher eupon the application of the adsorbing
step and the desorbing step is switched to the

opposed groups. 34. The process according to claim 33,
wherein the step of circulating cooling water 5 wll

e s - . r n . . .
Pact ISP Ne TR TRINS S R BR e B8y BEeitipe gpgting water
S Q i ecul ating chilled. wat will he selectivel
R Bleoh a7 wetomadh &b maptistasdhe e aedGugrevidiin fhe

u

Wi thin the second graup. . , ) )
second group, and the step of circulating chilled water will be selectively active within

the remaining reaction bed towers with within the second group.



