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APPARATUS AND METHOD FOR DES ALINATION Field of the

Invention The invention relates to the desalination of saline or brackish
water including a 5 method for in letting saline water and processing said
water to produce desalinated water. The invention relates to both the
process and apparatus used in performirig the process. Background 10
Desalination has been a practical solution to the water shortage problems
encountered inAbBBRA\EED diie Y3 TREOWOFIARIMBESACINA TH0Bgions
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,
@@lgelﬁibﬁi@@mmesalination type, (iii) the membrane-based 15 reverse
osmosis (RO) plants. Hybrid plants, combining the RO and MSF

processe¥ éayrrden velaty irethw desalieldencs highnwatdrgeidlity wiypicaliuding a
the dissolved solids being less than 500 mg/1, satisfying the requirements
SethodBrin Mitnn Dlganizatiomn Weoysstgrdat dsatorexchiingedsalinated
another method whereby ions of dissolved inorganic salts are replaced
witkethe hfory eretsampitaients; beid Sichrasessprot essahaive tredrirupedoaor2y the
minimize the fouling and carry-over to the water. In general, the
dBPVEhtional desalination plants display three fundamental drawbacks,
being: (i) the high energy usage to maintain relatively high temperatures,
typically exceeding 110C, (ii) the high energy consumption of the plant

and (iii) the high maintenance costs arising from salt deposition or fouling

[ surfaces of

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 (1) 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 (111) the

high maintenance costs arising from salt deposition or fouling in the outer surfaces of
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heat exchangers as well as the corrosion of the tubes. Fouling is
accelerated by high solution temperatures and the threshold for high salt
deposition from the solution is known to occur when temperatures exceed
80C' or so. 5 Statement of the Invention It is therefore an object of the
present invention to reduce the energy2requirements of desalination as
compared to the high energy processes of the prior art. In a first aspect,
hthe énventipmsprovicléssawaterrdssalifabio tnbystdraubiapsisnegl eigted by high
evaporator for evaporating saline water to produce water vapour; an )
sabisorptionpoatesnsiih belSutiveold folt go sathdanasifopn it e solution is
evaporator for reversibly adsorbing the water vapour from the evaporator;
ksaigradsorptionhme tamsnier seksstivesssdplE ebpmunication with a
condenser, and; desorbing means for desorbing the adsorbed water
vapour from the adsorption means for collection by the condenser; said
adsorption means comprising at least two adsorbent beds, and; the
aglsorption meamscinEdiding 15 cooling means, including a cooling water
circulation system, proximate to the first bed for selectjvely cooling said
bed tol it i tcRIbAbIRT of theRirsr VASSHC s dctBrtiisdictapted
to condense the water vapour to desalinated water, wherein the system is
ragrirRyeent ofi SRR ﬁ@mﬂ%rﬁ?eta&folﬂmﬁgeﬁ?é@hgfsé?ﬁﬁe%meiH“Of art.
one bed while the second bed reversibly adsorbs the water vapour. 20 ., .
Thus, ByUBTRGRERE el AR FRYH Q) RENL I STRErG TR UTPRIoR FYS 68 GRS S Ine
the water vapour are considerably lessened. In a preferred embo%iment,
AP & ERSHHSN AT AEHINEANRY TAMNSIRAAF X BI SRS P P RALG BN BRds™

each bed comprising a quantity of adsorbent material. Infa more .
means in selective vapour communication with the evaporator for 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 adsorption
means comprising at least two adsorbent beds, and; the adsorption means including
cooling means, including a cooling water circulation system, proximate to the first bed
for selectively cooling said bed to aid in the adsorption of the water vapour; said
condenser adapted to condense the water vapour to desalinated water, wherein the
system is arranged to simultaneously permit the desorbing means being active in one
bed while the second bed reversibly adsorbs the water vapour.

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
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3 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 5 material may be silica gél, synthetic zeolite, or any other
hydrophilic porous adsorbent, with said materials possibly having a
pstiface qobedireenhdhiead epd v BoTIHRA] At e PratdretBmtSHrIed
each of said beds may include a mesh adapted to encapsulate the heat
vestshdnigeitio asltotetamraaeiaasibiitihaterial. In a preferred
embodiment, the temperature range within the evaporator may be to in
the rahye Behey sodeywAipseRedipraterrsh BeBBAMdHIN DRl e thaneer,
use of a hot water re-circulation system, this is not necessary for the ,
veUnpisrador it o €aFabRECtHIBLBRbh Brase W&W&ﬁk&ﬁ@ﬁ% Gpes. Said
adsorbent beds. A further consequence of usin%low temperature

el Bt Patiisitagln Rdt hashiNg: Of tHY SR WATEP Y hrRAARE adsorbent,
water vapour is that at these low temperatures, 15 fording is reduced
vg@rﬁw@amﬂ%ahr@@ﬁ@@m&aﬁ%ﬁ%‘gﬂmg‘% AL BPBHER AP S0l aR nd

thus lowers the maintenance cost of plant operation, Owing to low foulin
rates Ahd Risderiad srakedivasnt tRIHhPEST BB Shshdm s%‘é%gat{? to
many of the key components of flee plant such as the adsorher and
ceapTHalcHR AR S Fanss iR thhtHedr LA I8 BhNARE vaporator

unit may require alloy steel to prevent excessive corrosion,. Alternatively,

chilled harSEiesirAtHR AP SRS SIS F 8o BT THE TS SYuECr may be

in the range 5°C to 40°C. Whilst in a preferred embodiment, there may be the use of a
hot water re-circulation system, this is not necessary for the evaporator, but to enhance
the desorption of the water vapour from the adsorbent beds.

A further consequence of using low temperature evaporation rather than direct
heating of the saline water to produce water vapour is that at these low temperatures,
fouling is reduced significantly during the evaporation of the saline or brackish solution
and thus lowers the maintenance cost of plant operation.

Owing to low fouling rates and vacuum pressures, conventional carbon steel
may be used for many of the key components of the plant such 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 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 lowering the condensing pressure (with

the cooler chilled water), condensation of vapour may be expedited as the tube surfaces
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desorher 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 4 are much cooler. In the
same manner, the lowering of the adsdrbent temperature (when chilled

water is channeled into the adsorber towers) may enhance the
avapouh-upthée Inyththeaasorbant, thedoseromof<he s sALERERR ature (when
provides a process for desalinating water 5 comprising the steps of
chillonating sehinmeleddninithirpdsoERapBras e litek 2papGHRtake by
providing an adsorption means comprising a first and second adsorption
theajsedulitg the first adsorption bed using a cooling water circulation

system; reversibly adsorbing water vapour from the evaporator using the

first cdbledesdBdAMsALIEE IRVERieBIvE VdpblPER R I daiRIP aliftetRa e
evaporator; desorhing adsorbed water vapour to from the second
catriptiarilsetensinbeIeBorHing TAEARYANE HEINR ARG OB BISSF S 2ter
a condenser; condensing the water vapour to form desalinated water..In Bed:
Wréwmm@oﬁm@f@wwam%%ﬁ%&sﬁmﬁﬁ*&%&ﬁ %YSYFBEDU"“ o
performed until saturation of the adsorption means, whereupon the va our

HREth y

coohindhiCATbAeTRILR tHb SRS PRCANET-HEF A B350 Ry ™

selectively 15 disenggged, and the desorhing ?; conde&%inaﬁste;t)s din
Ao AR BR SEre AP BUBRA S VARATRY BRI MG WA PUHR U Pas

been dcsorbed from the adsorption means, saigl va %ur comm n'cag% vabour
selissegUERtYTeosHgaBEaIRT &Y Hpetﬁéerlfé’d‘%%‘dlﬁ?éﬁt, Phie S Gpvater vap
ggri()tglbeesne%gr?g zdns]g%t?gna&%%ien% icriggo%ing means and delivering the water vapour
to a condenser; condensing the water vapour to form desalinated water.

In a preferred embodiment, the evaporating and adsorbing steps may be
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.

In a preferred embodiment, the arrays of adsorbent beds may be 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. 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



least 2 towers, such that the desorhing step is performed in one tower and
the adsorbing 20 step is performed 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
desorhing step may be performed untiéthe adsorbed water vapour is
substantially removed from the desorbing tower. In a preferred
nembeilicheht, e progesspda dritay dwitbinthe adediing e poaredstivether at
desorbing step between the towers, either at saturation or at substantial
szemoival of adsdrvedisiaterorapolipdronisdribith processeshandednmphsesses
Alternatively, the processes may be switched according to other
aravamelars Adtohadly dyotismiocrssintanshes wikhadmesauétignto other
requirements, peak 5 loading etc. In a more preferred embodiment, the
paraaye of 8 deohbEsaos om NP B RieIRa AR SRR TP TAB CHRBLISS BT SN aIRG b
reaction bed towers, such that the desorbing step is performed in 5 the
Idirdingrolep and the adsorbing means is performed in the second group. As
with the previously described embodiment, the decision to switch the
processes may depend on saturation, substantial removal etc. 5 Brief
Description of Drawings It will be convenient to further describe the
Ipresent reéetiehamtiodinpecths sy RicsishayimgdrBwngs afRgsd into two
illustrate possible arrangements of the invention. Other arrangements of ,
eroepvE IR TSI kP d SAYsEuentl e e aIarty BFnis performed in
accompanying drawings is not to be understood as superseding the
generality of the
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to proceeding description of the invention. 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 15 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
phreserst greentiod; (0 &gonisify imeasshepratienieofiibednassiion PAwith the
of the desalination process according to an embodiment of the present
inveritiosly Kigaorébtdshoivsdinsshetnaticciitm of Hhe desadipatianrssystem &pend on
according to the present invention. The process involves the evaporation
clagatitionw atbsianhidhrésn6vsuiisequently condensed within a condenser to
provide desalinated water. According to the present invention, the

process involves the evaporator 10 having a supply of saline water

subjected to a relatively low temperature environment for instance in the
yipgpour is directed to an array of adsorbent beds

25 arranged in 5 reaction bed towers 15a and 15b_ The adsorbent beds

adsorb theildtecvapouenisinfeheadsonientimatesial; fovdnstaneethaespect to the
silica gel having a surface pore area greater than 500 m2/g. To enhance
theceripention dthwiagsortiech Bbus itcuosihkatremgimngesosubjéatéation. Other
the circulation of a coolant.

arrangements of the invention are possible and consequently, the particularity of the

accompanying drawings is not to be understood as superseding the generality of the

proceeding description of the invention.

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
vention;

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 process according to the present invention is fundamentally a batch
process to comprising two stages. The first stage being the adsorbent

phase, involves 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
progugtioniyisedtbsahwidiconmehcemenped thie secsinthsiagedeingcording to
the desorbing phase, the supply of water vapour is disconnected from the
dtisoroentt bedsiaon, thegmduitiarthe veotidensgioiatopenetvin®idepidy of saline
achieve equilibrium, the saturation point of the adsorbent material will be
sugterthalteatdrtvapelatisdhydowiteoieddorthencontdense rfo2 Orstaneviertferange

a more efficient and high production process, the heat exchangers may be
stbjéewd o ppelywhbheatsdledrd Gominrargef tdwextract ibés adsatheged in
water vapour. The condenser 20 captures and condenses the desorbed
wegettvapalipant $abseducitlyThiiredssithisttocd wvater s tbkageattankptir using an
containing the desalinated water. 7 Whilst not essential to the invention,
thésprioud seasetaldivmg st theepresting ignldnationgis maieemore afficignita@ntan 500
o) mcreases water production, through cooling the array of adsorbent

wade. dUsi syl atsordtom phragbamtbdrbatinigeds theladrayedueindishgers subject to
desorbing phase. To maintain the desired temperature within the array of
dhectvemtBheds dovlagteach of the phases, the heating and cooling

supply may further include a. re- circulation system 30a, 30b, 35a and

35b, whEe byogrsscensienstitng ttithy sugrsiyt magnvion is fundamentally a batch process

comprising two stages. The first stage being the adsorbent phase, involves 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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maintained at the appropriate temperature within the array through

constant replenishment. 10 Figure 2 shows a more detailed view of one
embodiment of the present invention. The desalination system 45 of this
embodiment shows four reaction bed towers 50a to 50d, each having

separate adsorbent bed arrays located tierein. As with the general

schematic of Figure 1, saline water 115 is fed into the evaporator 125 with

the waté¥ agiat bedeifidirscted v eaotnofithprieastioccbatitgwells:F0astat

50d. The 15 reaction bed towers 50a to 50d are each connected to a

SUEPNIoR Honadierqo,dboiimy, wdtey TBragtehiliea pratero80n)thtisgh cooling the
schematic view, each of the aforementioned supplies are made available
tRFEUOH edearhent SappNulinesiBsad ©0ptiandbse withitheirgpofithenivatichiring the
of these sources being subject to selectively operable valves, which are
dissARung ase dsubjeatwn Wi dsstedsentre e pevtilent dveris opeadtimgent
under. The 20 subsequent waste water is fed into corresponding common

librsls g8ERB AR BB YR biedisritimanrtheoliagoupBuppligdurther include a re-
Describing in more detail these supplies, the cooling water is circulated

froTPH RO B (Bl shovaiyl Wivershsrehe dsllecobitieertmgrautiidy may be
reaction bed towers is 8 dissipated to the environment. The re-cooled
WarE1a85¢ thills AspiioRIdets tERGHIRIYI biblag e thiree g0eofmtant
distribution to the appropriate reaction bed tower in the adsorbent phase.
ifEHeiRBE Hoted that, for a range of purposes, it may be preferable to

only re-circulate a portion of the cooling water. The non-circulated water

may be 5 dumped, used for a different system, or perhaps used as a

tertiary cooling supply.
y Flgure% shg\e/g/ a more detailed view of one embodiment of the present

invention. The desalination syétem 45 of this embodiment shows four reaction bed
towers 50a to 50d, each having separate 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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The hot water supply used in the desorbing phase comprises a water
supply 70 subject to a heating source. In one embodiment, the heating
source may be waste heat from, for instance, a gas turbine exhaust or
alternatively, from a renewable energy source such as solar heating,
geothermal, or a conveniently placed thesmal mass. Of 10 course, where
such convenient low cost energy supplies are not available, conventional

hiagsaracabtetiergyvsourcestnilyche-vsedd Mhadictivataed Qs st pplieg démmon
the common supply line 55a and again distributed to the appropriate

reachidrivasd toweEa30adotb0dtiitsostilesagueptlytd ccaollectes byvaer in the
common waste hot water line 55b and returned to the hot water supply
18Bddrerd Plssting. sheudthetheted dinig fvatenrig ensfyphep psederalle, toe preferable to
re-circulate only a portion of the hot water. The remaining water may be
Rihpedsivgdatitor roseoonddry cpokipgseatsuchasiassistingptwitiwater may be
evaporation, or used as a tertiary heating supply. 20 The chilled water in
tHigEehosrAdat vt dyisietheevaporetosd®ss avberatyyctoditatenpply.
cooling caused by the evaporation of the saline water chills the chilled

water sUpsIoivifehr isupidh dsivierdie eshebongrhers suppiysine 6&acAspply 70
with the other lines, the chilled water is used within the appropriate
rédigehipedeeiing soacw Boehasmbediment ttha bertingorovetamdinbebiste heat
to be collected by the evaporator ready 9 for re-chilling. As with the hot

RN JlARsHaSr Saeidiamfyxkepdrioalistiat ehilldibwatemaveableenergy
re-circulated, with the remaining portion dumped, or used to re-stock the
COWNRE) SHelters SolBIPe s ipgagent 796 diRvBNETBiNEY Plabetittefthe mass. Of

cooling water or chilled water .
course, where such convenient low cost energy supplies are not available, conventional

higher cost energy sources may be used.

The hot water 105 is supplied 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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supplies may be used in the condenser to further enhance the water
production rate through condensing the water vapour made available

through the desorbing stage. The desalinated water 85 is then delivered
to the water supply storage 80. 10 The arrangement of Figure 2 lends

itself to a particular embodiment of the ppesent invention, whereby two

towers 50a and 50b are in the adsorbing phase and the remaining two
téwverseBliengnd S0dtiatke hdhaendesoibingeliassstaithialgrigngasiest the chilled

occur, the valves controlling the circulation of the hot, cooled and chilled

wedtsr asawel rescirapbirdgates for theevapopaicicaniheprdensassdustdetock the

selectively controlled. For the 15 adsorbing phase towers 50a and 50D, it

witldbm pecessaryniy open the re-circulation valves to pennit 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 #rfagthopentihdivaviesifbertios bhilied tvater hgthwatavbicthiliddrnvater

the adsorption of the water 20 vapor from the evaporator. Clearly to have
atsedetanhe bupisly of thacendepsuito Corhensmbationtivitvttee envapotatorate
125 is required. However, non-adsorbed water vapour will be prevented
fibrAuBbeRRYesNE Sonueieserno amdtithereiobds thevalptur dgatesing stage. The
connecting the towers 50a and 50b to the condenser will be closed. 10
CcsriBaayg Rst SRt sspdaliEsadmtisevatsssihinly siasgedill. have the

valves connecting the hot water to the appropriate towers 50c and 50d

opened, and the valves controlling re-circulation of the chilled and cooling

water a&propriately closed. Thus, the heat exchangers will aid in
desorbirdeerausensahe hiasraldends insléiaapettiderr embodiment 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 desorbing phase. For this arrangemeht to
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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5 delivery to the condenser 120. Any excess water vapour from the

evaporator will be prevented from being adsorbed by the adsorbent

material due to the elevated temperature caused by the hot water
re-circulation. Consequently the vapour gate connecting the towers 50c

and 50d to the evaporator 125 will be cld$ed. 10 It follows that at the end

of the cycle, the roles of the towers will be swapped so as to desorb the

water vapouefsem the toversS80amhbog0h thehilstonbioadihgsthe i Adsochratalves
material with water vapour from the evaporator 125 for the other towers
BOEnapicnS0be bincetenaildtaheperpcass tascos difig 2odti@dogsant, and the valves
invention is essentially a batch process, the arrangement just described
feRilitatis sresminirion ndwhotilitst 45l vapbug thaougtpphepsigstdylosed. Thus,
maintaining water production at reasonable levels. It follows that water
phsdisetistohamerst allipiformdasothére thilladeosignifivateriehdftthreewiner vapour for
recharging the various towers 50a to 50d, either to elevate the
taphpersigrdneancapentiflg fomarresasaigtionphdsenotihe dasorbingyill be
phase, or conversely, dropping the temperature for converting from the
dusHeBiRG hrrmdetectadsathsshbrichetitiesb 20 Bijerie] 3l dovtha dlavhtxd
embodiment of the present invention. This particular embodiment

¢EmRFIaRE FSarTehbtidhetud il 1aBsaivions g arsanyentin thalaperr gate
130 to achieve a "temperature-cascade". This cluster may be one of
SorBEsting sherovara 0o pedatithiovitin s wrrotpid 2§ svethbardoknd.

instance, each cluster may be in communication with the same

evaporator and condenser. As with the previous embodiment, a

re-circulation system has been implemented
It follows that at the end of the cycle, the roles of the towers will be swapped so

as to desorb the water vapour from the towers 50a and 50b, whilst reloading the
adsorbent material with water vapour from the evaporator 125 for the other towers 50¢
and 50d. Hence, whilst the process according to the present invention is essentially a
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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5 whereby a source supply line for the cooling water 140a, chilled water

145a and hot water 15 Oa are connected to each of the reaction bed

towers 135a to 135d. The towers are subsequently connected to
re-circulation lines for the cooling water 140b, chilled water 145b and hot
water 150b. As discussed in the previous embodiment, each of these
re-circulation lines may be connected to the original source such as a
CoSlinREOviBwefosahes syeling awdtirr sourvemietd elraporatoy ferithe

chilled water source. As with the evaporator and condenser, the supply
anepeusicetirnisnthiibs saay sepviorigeetabolistess and thus providing
efficient use of the infrastructure in connection to multiple clusters. As

with the two-tower embodiment, the cluster embodiment involves

emulating 15 a continuous water production system through an efficient

use of d'PatHh ProBESEoNs eBashasHimENE it 200MesEs18Bd1ab beenimtlsmented
adsorbing phase and two towers 135c, d are in the desorbing phase. To
IpififFRE AfeWEpsHPBIW e fHAwsReib watenf dapiehilhef setteictdhs, ané hot
primary adsorbing tower 135a is in communication with the chilled water
SUPRTy A9 e fioRes SR dnirrRs el B nipactinreberiien wmidd istretdfse dlits towers
the re 20 circulation line through opening valve AV 14, so providing a .
drettmrusrtpe panerediisndcHatigm s wiagherro Yag vy 40b, chilled
adsorbing tower 135b receives its temperature coolant from the cooling
WAKSF fifie> A8 29hetGh \Albe AVSSTHESFE-EIrdn s @ iro Brie LRIENA\PRGh Of
to the 12 re-circulation line 140b. As with the primary adsorbing tower
i%%safﬁﬁ@@&%ﬁ&ﬂiﬂaweaa%mﬁg%ws@ég%é}ﬂﬂtg éﬁﬁ{fr@r@igh@a%ﬁ@wlng

back t? the evaporator through gate )
tower for the cooling water source or the evaporator for the chilled water source. As

with the evaporator and condenser, the supply and re-circulation lines may service
several clusters and thus providing efficient use of the infrastructure 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 135c¢, d
are in the desorbing phase. To optimise the supply of water and efficient use of capital
mfrastructure, 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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valve GV4. 5 The absorbing towers 135c, d have direct connection to the

hot water supply line 150a through valve AV7. In this embodiment, the

hot water supply is directed through the primary desorbing tower 135e

and then directed to the secondary desorbing tower 135d through valve

AV27 and subsequently to the hot waterlge-circulation line 150b through

valve AV22. 10 Consequently, the vapour resulting from the desorbing
phassustetivered 46theé\cartintbaprapoty adndemgeoline fiom dackeebibery
desorbing towers 135c, d through gate valves GV5 and GV7 to direct the
ddsorped Wwater VaopertoithepondenseciBbiohHa faattirecvbtheactusiedugh gate
embodiment is the flexibility to operate a "temperature cascade" between
tHl e &cMidn bed towers 135a to 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

primaryl#e shsiriine iy erssé Wollfthre dir@o theradsonderthbédswatar supply line
higher temperature than the equivalent adsorbent beds in the secondary

dggé by gbwalvessy adnribiserbadinee Sor biognetwesupdhdisetisteesl through
the "used" hot water from the primary desorbing tower 13 Sc. It follows
thstrEatsderorbin sigtaeinii Ieard shentiiapoiogtir thediveendminsstidring tower
with the hot water su I%/ line 150a. Ti should be noted that in an
AiterhBHoREENTBbE: ﬁ\§§t s sBbsauaR) ée Shpihg: taver ES-iralpticndive 1500

hot water from a secondary source having a temperature less than the hot
through valve AV22.

Consequently, the vapour resulting from the desorbing phase is delivered to the
common vapour condenser line from each of the desorbing towers 135¢, 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 135a to 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 135d, 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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water supply line 150a other than the "used" hot water. Thus, secondary
sources of hot water having very low energy requirements may be used

and still achieve the temperature cascade of the cluster embodiment.

Sources of such hot water will be 5 evident to the person skilled in the art

and for instance, maybe of the previously? mentioned renewable energy
sources or an economic cycle of direct energy input such as mains and
eleptricityvinha furtherfembo dinvedtrtheovaponspage withiortheroptimallyn the hot
saturated adsorbers and non-saturated desorbers are designed to be
intetecomprEgtadeaifdagiihealhes the ‘GwalAhdt@Micd. dleusashoridinitaources of hot
period within the prescribed switching intervals, but concomitantly, the

o tashrsnrgiv dsp latedifeogy theuoenaansenaris:esapendtetil Thikitse the

termed as the pressure equalization (PE) procedure which is a form of
Heawgrdurrasscedesvidhe, prstadimgbadirtbelr foostto efatehgrodwationvill be
yield of the desalination plant. During the pressure equalization through
opedthg tthbhapprapridiéledivde o andivn gistdchenteywbe whibh pvagiously
previously a desorber would experience a sudden drop in the vapour
pResSigveas] Aprpineistp prati sy et prormacispelsaté dirapbenpigyrmput such
the silica gel. Concomitantly, the previously lower pressure adsorber
tBWERING Al SXgeTielite a sudden rise in vapour pressure, causing an

increase in the uptake of vapour by the adsorbent. Such an energy

recover{ig EarbRictatoditment s waersarerwd thipuhoonsbnaligsaheated
process utilizes the energy stored previously. Another aspect of energy
radtrERTret urenturaied descaRestranyletippné toriedntsbappmestedehrough valves
towers could either be by-passed momentarily or continued to supply into

the o Rt & BHY e TR iRt Reded avidbdn he-eiegyibpd stvitelangantervals, but

could be
concomitantly, the towers remain isolated from the condenser and evaporator. This is

termed as the pressure equalization (PE) procedure which is a form of heat and 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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14 conserved. These processes could boost the desalinated water yield
by a further 10 to 15%. Apart from the more efficient management of
energy, the cluster embodiment having the temperature cascade yields a
more uniform water production. Cycling of the 5 reaction bed towers from
primary to secondary within each phase,1and also cycling of towers
between the adsorbing and desorbing phase mean there is a smaller
temperatdrd hdiffgreniisidor thédreastiahhed0ness aeeframeeforer 10 to
efficiently adsorbing or desorbing water vapour, as appropriate. This
cbhfiparison between the cluster embodiment in Figure 4 is shown against
the two-tower embodiment previously 10 described. As will be noted, both
methodg\anet éfficieht, lowesrféirgynproducersaft desslinatatdovaierewiibeiment
cluster embodiment providing a smaller differential between peak and
tisgheghedectiore Tiisasfasuysddisioffset g ainst whechiglvdn capitalasing of the
of the cluster embodiment and which embodiment of the present
ingeditionbadllewitra feenannapplicativomillhe dete raihgrhixased balso cycling of
case-by-case basis. 15 In more detail, Figure 4 shows the cyclic
fligetaeieny darthbepidaubtinaot Weserbingrphascexperithental desalliationperature
plant. With 144 kg (4x36 kg ) in the 4 towers, two operating strategies are
stidrsentirareel(hthsmtionbedinitrs towsooyclesoat b cstaihy addadtingor
conditions (Thot=85C, Tool= 31C, Toh;uea=I5C). It was found that an
A srIEKk AP oR i a8 atnEeeH Watdihéo adehbertohibvbddorahe-bedter
cycle and about 20 35 kg/h of desalinated for the 2-tower cycle.
TYARSRiHBEN R fiteshpesifedam thadiitome: shvwadmsst wanewdy
silica gel, the production yields arc respectively 6.3 m3

described. As will be noted, both methods are efficient, low energy producers of

desalinated water with the cluster embodiment providing a smaller differential between
peak and trough production. This, of course, is offset against the higher capital cost of
the cluster embodiment and which embodiment 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 (Tpo=85°C, Teo= 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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and 5.8 m3 per day per tonne of adsorbent. To extract the potable water,

a simple vacuum pump or a 10 in U-bend discharge tube may be readily
incorporated from the storage tank. Such variations, and others not 15

stated but lying within the common general knowledge will be clear to the

skilled addressee. Most water productiors sizes of commercial scale

desalination plants are of the 5 order of million gallons per day (MGD).
Orecdliernagive fallthghwithindherpiesentrinvieniordgdoRBAVB-MOsIAE the skilled
design for the reactor towers, as proposed in Figures 1 to 3. A 200 tonne
caldacisgof adsorbent per "silo"-type tower may have a diameter of 4to 5

in and a height of 25 m, as shown in Figure 1. Construction costs may be
reduced by using high strength foam concrete as the 10 structural

materials, lined internally with a thin inner steel sheet for maintaining the
vacuumMetidititerspRoanticorizesecforers pravide gieott thenamalinsutatiane of the
and reduce heat leaks to ambient. Other construction methods may be

aaepterf, anldiovillgedeteapo dite GWiEY) .atuke steenatiticofitl hffectiitgiorthe present
limiting the scope of the invention. For such a plant capacity and operating
anisatantdrdbesadiivhsatispeadietdtle 1&dlietdob potaislerapdecdsn Figures 1 to
about 1.25 MGD. Multiples of such 4-bed cluster design may be used to
shtisfy 0l e sapiftha Higheorhetepprodinctibmisteecuiredy Biyere Siameter of 4 to
shows the regenerative heat flows from the adsorber towers and the

coRtekse PrgditRE v ap aretbe wh tieFigigorption desalination plant. From

1st Law_20 analysis, the heat input is given simply by
Construction costs may be reduced by using high strength foam concrete as the

structural materials, lined internally with a thin inner steel sheet for maintaining the
vacuum conditions. Foam concrete towers provide good thermal insulation and reduce
heat leaks to ambient. Other construction methods may be adopted, and will be clear to
the skilled addressee, 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

O ==1)O s + Ooaps)
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 COPp is

given by the ratio of the energy used to generate the condensate to the heat input, i.e.,
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QAI = (I-n)(Q 0, + Q,,Ds ) where n is fraction the amount of regenerated

~ heat to the total heat in the process (assuuning 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 rm
frnWh.fg COP AD == n t1 x fQinpau ® 5 The range of COPAD would
be comparatively better than the "kettle-type" boiler or desalinator when.
the heat regenerative index, n, varies, from 0.3 to 0.55. Between these
values, the regeneration index "n" qungwh,a(ye an optima where the water
production is maximum thus, a realisti %peratimg point for the
adsorption plant. For the Watef/temperature of 8vaporator {that could be
utilized by the regenerative processeé)Qiah;ﬁashould be equal or lower than
the cooling tower temperature. Howeder, the COP of the proposed heat
driven adsorption desalination plant is comparably better than the
conventional "kettle" boiler and it has the added advantage of much lower

folkingeaad etporaronli Lo YOMPISEIVEY better than the “kettle-type” boiler or

desalinator when the heat regenerative index, n, varies from 0.3 to 0.55. Between these
values, the regeneration index “n” would have an optima where the water production is
maximum and thus, a realistic operating point for the adsorption plant. For the water
temperature of evaporator (that could be utilized by the regenerative processes), it
should be equal or lower than the cooling tower temperature. However, the COP of the
proposed heat driven adsorption desalination plant is comparably better than the

conventional “kettle” boiler and it has the added advantage of much lower fouling at the

evaporator.



10

15

20

CLAIMS 1. A water desalination system comprising: an evaporator for
evaporating saline water to produce water vapour; 5 an adsorption means
in selective vapour communication with the evaporator for reversibly
adsorbing the water vapour from the evaporator; said adsorption means in
selective vapour communication with d tondenser, and; desorbing means
For desorbing the adsorbed water vapour from the adsorption means for
cgolleason by the condenser; 10 said adsorption means comprising at least
two adsorbent beds, and; the adsorption means including cooling means,
including a cooling water circulation system, proximate to the first bed for
selectively cooling said bed to aid in the adsorption of the water vapour;
Isaid candasnsdreadiaptzo ty gomdamserthieavater vapour to desalinated
water, 15 wherein the system is arranged to simultaneously permit the
adesapbingpmeansdpeingngcaliadnvetts teae adhite teéSaEdaYbed reversibly
adsorbs the water vapour. 2. The system according to claim 1, wherein
athadacisoiptioremeanseleclintespouicesnonaisAtignor b der sienosegs for
each bed comprising a quantity of adsorbent 20 material. The system
accoradingriibtjainsbivigehsinveter aahoastiome BeayBloayssrbent beds is

arranged vertically within at least one reaction bed tower, LLOYD WISE
saBl 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 adsorption means comprising at least two adsorbent beds, and;

the adsorption means including cooling means, including a cooling water
circulation system, proximate to the first bed for selectively cooling said bed to aid in
the adsorption of the water vapour;

said condenser adapted to condense the water vapour to desalinated water,
wherein the system is arranged to simultaneously permit the desorbing means being

active in one bed while the second bed reversibly adsorbs the water vapour.

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.

LLOYD WISE
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4. The system according to claim 1 or 2. wherein each bed includes a
Craned-tube heat exchanger, said adsorbent material placed in interstitial
spaces between said finned tubes, 5 5. The system according to any ong,
of claims 2 to 4, wherein the adsorbent material includes either or both
silica gel or synthetic zeolite. 6. The sytem according to any one of
claims 2 to 5, wherein said material includes a surface pore area not less
4than 508 m2tgnil & dorlhe systeim dceoidinbetoiampanecdfictdides 4 tonged-tube
wherein each of said beds includes a mesh adapted to encapsulate the
hheatexehangenismds tbargtaintthiel gdsorbeninterstsiials s . brheasyistaih finned
according to claim 1, wherein said cooling water circulation system for
tabsulating cooling water to the heat exchangers. 9. The system according

to claim 8, wherein the cooling water is sourced from a cooling tower. 20

10. The system according to claim 9, wherein the cooling water circulation
system re-circulates at least a portion of the cooling water from the heat
Sexchafijery ackaes thdingdolimy Bwer ¢laine Yook sgengnthe pHeosheem

according to any one of claims 8 to 10, wherein the cooling means
material includes either or both silica gel or synthetic zeolite.

0. The system according to any one of claims 2 to 5, wherein said material includes

a surface pore area not less than 500 m?/g.

7. The system according to any one of claims 4 to 6, wherein each of said beds
includes a mesh adapted to encapsulate the heat exchanger so as to retain the adsorbent

material.

8. The system according to claim 1, wherein said cooling water circulation system

for circulating cooling water to the heat exchangers.

9. The system according to claim 8, wherein the cooling water is sourced from a

cooling tower.

10. The system according to claim 9, 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.

LOYD WISE
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further includes a chilled water circulation system for circulating chilled
water to the heat exchangers. 5 12. The system according to claim 11,

wherein the chilled water is sourced From the evaporator. 13. The systemL.OY{) WISE

according to claim 12, wherein the chilled water circulation system
re-circulates the chilled water from the lBeat exchangers back to the
evaporator. 10 14. The system according to claim 11 wherein at least a
1portiomief therahitlechvdatertonityinthe thillets Watet Girdutatiorilsystehnismeans
recirculated to the cooling water circulation system subsequent to being
factiveinithdheareiiibidingtbedsowithimths et dmdcigraiapng Sl eg meter to the
system according to any one of the preceding claims, wherein the
hdesexbinggeneans includes a heating means proximate to the array of

beds for heating each bed to aid in the desorption of the adsorbed water
vapour. 20 16. The system according to claim 15, wherein said heating
means comprises heating water circulation system for circulating hot

Mater hthe Hemt axohdingdesclaim Thevdiaimtbeebilifdgaiaasmorgced from the
wherein the hot water is sourced from a hot water lank. LLOYD WISE 20

d8pdhagsystem according to claim 17, wherein the hot water circulation
system re-

13.  The system according to claim 12, wherein the chilled water circulation system

re-circulates the chilled water from the heat exchangers back to the evaporator.

14. The system according to claim 11 wherein at least a portion of the chilled water
within the chilled water circulation system is recirculated to the cooling water

circulation system subsequent to being active with the remaining beds within the second

group.

15.  The system according to any one of the preceding claims, wherein the desorbing
means includes a heating means proximate to the array of beds for heating each bed to

aid in the desorption of the adsorbed water vapour.

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.
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circulates the hot water from the heat exchangers back to the hot water
tank. 5 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, LLOYD WISE
renewable energy source or mains electricity. 20. The system according
to claim 19, wherein the waste heat is Provided from the 10 exhaust of a
gas turbine. 21. The system according to claim 19 or 20 wherein the
renewable energy source includes any one or a combination of solar
heat, geothermal heat or thermal mass. 15 22. The system according to
1&ny oldofysizims@dolfigwhelain the araginfhadosnyetst badslaren system re-
arranged into at least 2 towers, such that the desorbing means is active in
conelaowénednd thgadsonrbihg meanssrstivédakite bedwidvswasnR3. The
system according to any one of claims 2 to 22, wherein the arrays of 20
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
18dsorBirysistamsesaieing in caseconiBgraigsein Gy wser tankoia sypilied
system according to claim 23, wherein the cooling water circulation .
eHPEIEATON SRYeRivelARaubinAtiva PJoMiss bethe exivabls BeRy gy waipEce or mains
within the second group, and the chilled water circulation system will be
elasttaiVely active within the remaining reaction bed towers within the
second group. 5

20.  The system according to claim 19, wherein the waste heat is provided from the

exhaust of a gas turbine.

21.  The system according to claim 19 or 20 wherein the renewable energy source

includes any one or a combination of solar heat, geothermal heat or thermal mass.

22.  The system according to any one of claims 3 to 21 wherein the array of
adsorbent beds are arranged into at least 2 towers, such that the desorbing means is

active in one tower and the adsorbing means is active in the second tower.

23. The system according to any one of claims 2 to 22, wherein the arrays 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.
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25. A process for desalinating water comprising the steps of : evaporating
saline water within an evaporator to produce water vapour; providing an
adsorption means comprising a first and second adsorption bed; cooling
the first adsorption bed using a cooling water circulation system; to
reversibly adsorbing water vapour frorithe evaporator using the first
cooled adsorption bed in selective vapour communication with the
2avaporatotydesoabinglarsarbkdm2ierhapon teosnahaeseaiss g issaision sem
bed using desorbing means and delivering the water vapour to a
iconeehagy; covdensing theiwatérvapoaries forniessminilea Watseonseroup,
26. The process according to claim 25, wherein the adsorption means |
aintludesit deastoriecatatipof st rpib e el Mty e pisihg igmaining
quantity of adsorbent material. 20 27. The process according to claim 26,
redharaibat eomtdeasitbirethersapoidgisoibent 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 LLOYD WISE
72 cordmuriestifn BesolaeHBESARESATPHHE4RE SFRP k' evaporator is
selectively disengaged, and the desorbing and condensing steps
commevrpsdating] s webErieti i AR RYABP IO LESBIEY WA VARSUF

has been desorbed from the adsorption means, _ _
providing an adsorption means comprising a first and second adsorption bed;

LLOYD wisE

cooling the first adsorption bed using a cooling water circulation system,

reversibly adsorbing water vapour from the evaporator using the first cooled
adsorption bed in selective vapour communication with the evaporator;

desorbing adsorbed water vapour from the second adsorption bed using
desorbing means and delivering the water vapour to a condenser;

condensing the water vapour to form desalinated water.

26. The process according to claim 25, wherein the adsorption means includes at
least one array of adsorption beds, each bed comprising a quantity of adsorbent

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
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said vapour communication subsequently re-engaged. 5 29. The process
according to any one of claims 25 to 28, wherein the cooling step AP
includes circulating cooling water proximate to the array of beds for LLOYD WISE
cooling each bed to aid in the adsorption of the water vapour. i1030. The
process according to any one of claim&225 to 29, wherein the cooling step
further includes circulating chilled water proximate to the array of beds for
cohitlingieacin bad teraitkindiverasonption afthiborsateovapoisrsgactTiedy
process according to any one of claims 25 to 30, wherein the desorbing
dstepatbdnaiddbs dirculdtipgiitondtesippsirnateotonticecar aniof beds fortial
heating each bed to aid in the desorption of the adsorbed water vapour.
qBantThe procedsdosbrditg tormmy mcottibinisteg foosi thehatedrptmayzcans.
adsorbent beds are arranged into at least 2 towers, such that the
saldsanping stepisiperformebsiywrel 26 wwegehd 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
24dsorBingstes sridcthidit Sorbingnstep driwitdhdel 28, thBpipdbe seslirg step
LLOYD WISE 23 33. The process according to any one of claims 25 to
iBdyudeseietnlttio aneslioe wassHORIPRGI AracATENGE PRl RN 6 WEhssh bed to
a plurality of reaction bed towers, such that the desorbing step is
ajsbifioin edserptie fiedt theotipf U@ RAB adsorbing means is

30.  The process according to any one of claims 25 to 29, wherein the cooling step
further includes circulating chilled water proximate to the array of beds for chilling each

bed to aid in the adsorption of the water vapour.

31. The process according to any one of claims 25 to 30, wherein the desorbing step
includes circulating hot water proximate to the array of beds for heating each bed to aid

in the desorption of the adsorbed water vapour.

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.
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performed in the second group, until saturation of the adsorbent means in
the first 5 group, and adsorbed water vapour is substantially removed from
the second group. whereupon 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 step3of circulating cooling water 10 will
be selectively performed with a portion of the reaction bed towers within
3the sdtendgroupcandithetstap oheirdldating ehittes watasrwill e array of
selectively active within the remaining reaction bed towers with within the
agewdrdtdgralspire arranged into two groups of a plurality of reaction bed towers, such

LLOYD WISE

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,
whereupon 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
will be selectively performed with a portion of the reaction bed towers within the
second group, and the step of circulating chilled water will be selectively active within

the remaining reaction bed towers with within the second group.



