| MPROVED MEMBRANE SYSTEM BACKWASH ENERGY EFFI Cl ENCY TECHNI CAL FI ELD The
present invention relates to nenbrane filtration systens and nore

parti cul awbyotewn2i9spr oved net hods and apparatus for cl earCmgiseéve/os®ndr anes
used in such systens. BACKGROUND OF THE | NVENTI ON Menbrane cleaning is a
key step to the success of any ongoing nmenbrane filtration process. Wthout
regul ar cl eaning the nenbranes becone clogged with inpurities and decrease
in efficiency until they are eventually rendered inoperative. Different
physi cal ne@%?%ﬁéf’f& MENBBANE §¥SEEM BAGKWHSEHE 6 EEFHEENLGY| i shed. A
summary of sone typical nmethods is described below 1. Scrubbing nmenbranes
with gas bubbles. This method was first published by Yamampto et al. (VWater
Sci ence Technol ogy, Vol. 2, pages 43-54; 1989) and has been widely used in
| ow pr essureEECHNICAL FIELpr ocesses. The shear force created by gas bubbl es
renoves fouling materials on the nenbrane surface, but does little to

reduce the foul iTg 'géﬂ{mvgmd%[gggéq??%% f?lﬁgﬁfg}}eg%]a\;@rr{l&%ck pul si ng

met hod. This net hod uses a reverse 0 the
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used as a fslulcjﬁ (sjystems.
BACKGROUND OF THE INVENTION
Membrane cleaning is a key step to the success of any ongoing membrane
filtration process. Without regular cleaning the membranes become clogged with
10 impurities and decrease in efficiency until they are eventually rendered inoperative.
Different physical membrane cleaning strategies have been proposed and published. A
summary of some typical methods is described below.
1. Scrubbing membranes with gas bubbles. This method was first published by
Yamamoto et al. (Water Science Technology, Vol. 2, pages 43-54; 1989) and has been
15 widely used in low-pressure filtration processes. The shear force created by gas bubbles
removes fouling materials on the membrane surface, but does little to reduce the fouling
within the membrane pores.
2. Backwash or back pulsing method. This method uses a reversed flow of fluid
(relative to the filtration flow direction) through the membrane pores to dislodge fouling
20 materials therefrom. Either gas or liquid or a combination thereof can be used as a fluid
in the reverse backwash.

In PCT Publication WO 03/059495, Bartels et al. describe a backwash technique

where the hollow fibre membranes are pressurized with a gas on a feed side at a



in the reverse backwash. In PCT Publication WO 03/059495, Bartels et a
descri be a backwash techni que where the holl ow fi bre nenbranes are
pressuri 280 wid1%9gas on a feed side at aspecified ti mpCas2ony/osives
backwash. They describe the periodic use of such backwashes to effectively
renove fouling conponents fromthe hollow fibre nmenbranes. To carry out a
| i qui d backwash, typically a liquid punp and a |iquid hol di ng tank are
required. The punp delivers a perneate flowin a reverse direction to the
normal filtration flow through the nenbrane pores to clean accumul at ed
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filtration systens it has been found "advantageous to use a gas pus
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efficiency wt conmprom si°ng yshF? l'iquid
backwash is general ly achi eyed b end] conpressed gas, typically air, to
the | umen si de ofy Iallb%l‘XSB?l@y *ﬁérﬁf?‘&glgy amﬂ@wmgnq adiqpid| holdipg tank
renmaining in the lumen at the end of a filtration cycle to shell or feed
si de of nébFEMEedale PuRE dshivamesperaicateflaw dumareverse diseasion| tp hetnotmalior e
than 150 kPa. It is desirable to keep the air pressure required to a
m ni mund i filatger flow thedgh ¢he memboste ponek ©NEeayadcenulatenmiids ahd impadksct i on
of the pressurised air. Any discussion of the prior art throughout the
speci fi catfronmtiehBethbrahés prResiay be consi dered as an admi ssion that such
prior art is widely known or fornms part of the
In some pressurised filtration systems it has been found advantageous to use a gas
pushed liquid backwash for the pressurized system which provides improved efficiency
without compromising backwash performance. A gas pushed liquid backwash is
10 generally achieved by sending compressed gas, typically air, to the lumen side of a
hollow fibre membrane and pushing the filtrate remaining in the lumen at the end of a
filtration cycle to shell or feed side of membrane wall. The backwash air pressure is
typically set to more than 150 kPa. It is desirable to keep the air pressure required to a
minimum in order to reduce the cost and energy requirements for production of the
15 pressurised air.
Any discussion of the prior art throughout the specification should in no way be

considered as an admission that such prior art is widely known or forms part of the

common general knowledge in the field.

20 DISCLOSURE OF THE INVENTION
It is an object of the present invention to overcome or ameliorate at least one of the
disadvantages of the prior art, or to provide a useful alternative. ~ According to a first
aspect, the invention provides a method of backwashing a membrane filtration system

comprising at least one permeable hollow membrane, the method comprising the step of



common general know edge in the field. DISCLOSURE OF THE INVENTION It is an
obj ect of the present invention to overcone or aneliorate at |east one of
the di sadwenbegesssef the prior art, or to provide a usefalr/uskeonsmre ve.
According to a first aspect, the invention provides a nethod of backwashing
a nenbrane filtration system conprising at | east one perneabl e hol | ow

menbr ane, the method conprising the step ofapplying a pressurised gas at a
vari abl e pressure to perneate renmining present in the system when
filtration process is stopped or suspended to provide liquid for

backwashi ngpResespRbsuliiel PArTRIRtSHIE ?fésﬁwe FPHRARRE réiHAih g ReRACKHWRS N NG

process. According to a second aspec the i'nvention provides a nethod of

filtering szgla}n%hénrtﬁﬁ"éth?rt .%r%%sg .iss%i&ggga%r%'%)%ﬁa rtiocsg)i:&gd% lgeurjré;%o s of: (i)

provi di ng pressure rentia I 0SS |l e hoILow
menbrane immersed in th i quid su nsion,. the |iquid suspension being
appl i ed t &2 lﬁwgﬁfn&pogfﬁcf‘fé{{%ggfne?ﬂg igﬁ?m%ﬁw‘éf%‘ihlrﬁ% MW& ng§ Borfduce and
sustain filtration through the wall of permeabl e hol | ow menbrane wherein:
(a) at |east pPHPrdRe lorieseronslaspectythp drvention pepyides ammatladyf fillesingesplidsof t he
nmenbrane to be drawn off as perneate froma lunen of the permeable hollow
menbr an®; feom a lighidsuspeasion compesing thehwemalfi ds are retai ned on or in the
per neabl e hol | ow nmenbrane or otherw se as suspended solids within the
l'i qui d suni)@uondding atpaessure differential across a wall of a permeable hollow membrane
immersed in the liquid suspension, the liquid suspension being applied to an outer
surface of the permeable hollow membrane to induce and sustain filtration through the
wall of permeable hollow membrane wherein:
10 () at least part of the liquid suspension passes through the wall of the
membrane to be drawn off as permeate from a lumen of the permeable
hollow membrane; and
(b) at least some of the solids are retained on or in the permeable hollow
membrane or otherwise as suspended solids within the liquid surrounding the
15 permeable hollow membrane; and
(ii) periodically backwashing membrane pores using permeate remaining within the
permeable hollow membrane lumen and/or a filtrate manifold where present by applying
a gas at a variable pressure below bubble point of the permeable hollow membrane to
the permeate to displace at least some of the permeate within the lumen and/or filtrate
20 manifold through pores of the permeable hollow membrane resulting in removal of the
solids retained on or in the permeable hollow membrane.

According to a third aspect, the invention provides a method of filtering solids

from a liquid suspension in a filtration system comprising:



per neabl e hol | ow nmenbrane; and (ii) periodically backwashi ng nmenbrane pores
using perneate remaining within the perneabl e holl ow nenbrane | unen and/ or
a filtratwormrwiodsd where present by applying a gas at &CTArse@i9los3opy essur e
bel ow bubbl e point of the perneable holl ow nenbrane to the perneate to

di spl ace at |east some of the permeate within the lumen and/or filtrate
mani fol d t hrough pores of the permeabl edhol | ow nmenbrane resulting in
renoval of the solids retained on or in the perneabl e holl ow nmenbrane.
According to a third aspect, the invention provides a nethod of filtering

sol i ds from pgrolidftig LpresspREdiFfeRRAtAIhcROsE El\ﬁdilaéfiaﬁ{ér%%‘aﬁ}l@ml%@&ﬂ%i (i)

providing a pressure differential across a wa a pe | ow
por moabl ¢ TRk iToid B pEnSHE RS Rl RRBEA Gl o oe OB FofRFough the v
uspens orPHEBEES 4 REGHARCCRE A gt (e aRe-BabpE teaePartikioe 1o be
drawn of f as ger mvavatre, f.r om an outer surface of the perneable hollow
nenbr ane; TBeMOE@AG Whereiiast sone solids are retained on or in the permeable
hol | ow nenbrane or otherw se as suspended solids within the perneable
hol | ow frenbr ar(e) at(éds) pat ofthe higuidrsuspengion phssgs threughithe walliof thefpepmestse and
(iii) periodically backwashi ng pores of the perneable holl ow nmenbrane using
per neat e hollow membrane to be drawn off as permeate from an outer surface of the
permeable hollow membrane; and
(b) at least some solids are retained on or in the permeable hollow membrane or
otherwise as suspended solids within the permeable hollow membrane;
10 (ii) stopping or suspending the filtration process; and
(iii) periodically backwashing pores of the permeable hollow membrane using permeate
remaining in the filtration system after the suspension of the filtration process by
applying a gas at a variable pressure below bubble point of the permeable hollow
membrane to the permeate to displace at least some of the permeate through pores of the
15 permeable hollow membrane resulting in removal of the solids retained on or in the
permeable hollow membrane.
Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
20 sense of “including, but not limited to”.
The gas pressure is preferably varied between a first and a second value, the first
value being higher than the second value. For preference the first and second pressure

values are determined on the basis of a measurable membrane characteristic such as

membrane permeability or membrane filter resistance.



remaining in the filtration systemafter the suspension of the filtration
process by applying a gas at a vari abl e pressure bel ow bubbl e point of the
per neabl ewbabiomaigsenbr ane to the perneate to displ ace aPrCramsiInsss9 of the
perneate t hrough pores of the perneabl e holl ow nenbrane resulting in
removal of the solids retained on or in the perneable holl ow nenbrane.

Unl ess the context clearly requires oth&rw se, throughout the description
and the clains, the words "conprise", "conprising”, and the |ike are to be
construed in an inclusive sense as opposed to an excl usive or exhaustive

sense; that | prdfRrabf) thel fitst Mue %ﬁes‘gﬁre"ié ﬂ&h%eﬂ%aﬁ%@g&rﬂeﬁgﬂi \)gg af 0" The

gas pressure is prefierably vari etween a first a econ ue, the

first val i i n e _second val.ue, For preferenc he first
and secongﬁ&p@kggﬁggk g%ﬁ%%éﬁ%?%% gfg?cﬁﬁ’ﬁéﬁcodﬂ VAlrs 835 Biessuse lsausﬁiéf' Rabl e
menbrane characteristic such as nmenbrane perneability or nenbrane filter
resi st anc SNPRYRRT BHMeablifyis af prsgboye p secogd Predetesmined valieysed when nerbr ane

perneability is at or below a first predeterm ned value and the second
val ue gas pr esdeferably, theelrsiwadpe sesryessies ip osadewlivinl membiage msistancabater a
second predeterm ned value. Preferably, the first value gas pressure is
used when ahevda firse predeteshinad ealus and therseadndwalie dak pedssifre elgee when@sd val ue
and the second val ue gas pressure is used when the nmenbrane resistance is

at or bel ei¢nibrafsREdtaREEH at 6f BEIGR @ skddrdredei@ndinddStangnd second
predeterm ned val ues may be different values or they nmay be
The first and second predetermined values may be different values or they may be
the same value.
The gas pressure may be continuously varied, cycled or alternated between the
10 first and second values
The solids are preferably removed into bulk liquid surrounding the membranes
during the backwashing step.
The permeable hollow membrane is preferably a permeable polymeric hollow
fibre membrane. Preferably, a number of permeable polymeric hollow fibre membranes
15  are bundled and potted into a module in parallel fashion. The lumens of the hollow
fibres are preferably in fluid communication with a filter manifold.
The membrane filtration system may be a single fibre, a single module, a plurality
of modules or a single module within a plurality of modules.
Preferably a plurality of hollow fibre membrane modules is included in the
20 filtration system.
In certain alternative embodiments, the membrane filtration system is a pressurised
membrane filtration system.

In other alternative embodiments, the membrane filtration system is a submerged

membrane filtration system.



t he sane value. The gas pressure may be continuously varied, cycled or

al ternated between the first and second values The solids are preferably
renmoved iwoaotwi2kosbi qui d surroundi ng the nenbranes duri rgTiUuseotbasionmshi ng
step. The perneabl e holl ow nenbrane is preferably a perneabl e polyneric
hol |l ow fi bre nmenbrane. Preferably, a nunber of perneabl e polyneric holl ow
fibre menbranes are bundl ed and potted #nto a nodule in parallel fashion.
The lunens of the hollow fibres are preferably in fluid conmnication with
a filter manifold. The nenbrane filtration systemmy be a single fibre, a

singl e nmodul eh@uxﬂléﬂ@ﬁéﬂnﬁﬁfv@ém%k@?, (RE pftbk RliEn R Safly aHohofh AT A1 T LY

of nodules. Preferably a plura re ne ules 1s

i ncl uded i [ t4 0N system certain alternative enbodi nents, the
menbr ane #ﬁ?%&%?%éﬁEé§%‘%@¥Fs qﬁ?é@EﬂFF ed nenbrane filtration system In
ot her alternative enbodi nents, the nmenbrane filtration systemis a

subner ged nment? 2AEhES 3spect thesinvenfionalso poyides ymether of Parkpiasking gbodi nent s,

the nenbrane is not necessarily a hollow fibre nmenbrane, but can be for
exanpl e a memabrashElration Sysierschmprising etleastiope pervemableanerabmoe, thometied a
met hod of backwashing a
5 comprising the step of applying variable pressure to permeate remaining present in the
system when filtration process is stopped or suspended to provide liquid for
backwashing pores of the permeable membrane during a backwashing process.
Variable pressure may be applied by applying gas at variable pressure to the

permeate or by varying pumping speed of the permeate.

10 The invention also provides a method of filtering solids from a liquid suspension
comprising the steps of:

(i) providing a pressure differential across a wall of a permeable membrane having
a liquid suspension being applied to a first side of the permeable membrane to induce
and sustain filtration through the wall of the permeable membrane wherein:

15 (a) at least part of the liquid suspension passes through the wall of the permeable
membrane to be drawn off as permeate from a second side of the permeable membrane;
and

(b) at least some of the solids are retained on or in the permeable membrane or
otherwise as suspended solids within the liquid surrounding the first side of the

20 permeable membrane; and

(ii) periodically backwashing pores of the permeable membrane using permeate
remaining on the second side of the permeable membrane after he suspension of the

filtration process by applying variable pressure below bubble point of the permeable

membrane to the permeate to displace at least some of the permeate from the second side



menbrane filtration systemconprising at | east one perneabl e nenbrane, the
nmet hod conprising the step of applying variable pressure to perneate

remai ni ngwpresant9sPn t he system when filtrati on processPCI/US2@POEY7Or
suspended to provide liquid for backwashing pores of the perneable menbrane
during a backwashing process. Variable pressure may be applied by applying
gas at variable pressure to the perneat® or by varying punpi ng speed of the
perneate. The invention also provides a nethod of filtering solids froma

| i qui d suspension conprising the steps of: (i) providing a pressure

di ff erent ighheAsdResh18 meRbrareith@u E)Hig?glf the éa%ﬁem%ﬁtapg r&uk.{)g%d

suspensi on bei'ng applied to a f| e pernea ane to
wher oi - cano g 8 e ol AR dn e i %)@f)gwﬁ{ Fpabses through t he wal
he. por Toabl o VAGHBIEHESUE ) ) 2l B SPPIEBA&a AL (ebiHeaedn dir ot af ned on
or in the perneabl e nmenbrane or otherw se as suspended solids within the
|i qui d suPeEDeatt Picby Yasying pympirigipeed of the ppraneateabl e nmenbrane; and (ii)
periodical |y backwashing pores of the permeabl e nmenbrane using perneate
remai nisng on fThe isentionalso geovides ahirethed oftalkwashiihs aembeddedlltrieons uspensi on
of the system comprising at least one permeable membrane, the method comprising the step of

applying a pressurised gas at a variable pressure to permeate remaining present in the

system when filtration process is stopped or suspended to provide liquid for

backwashing pores of the permeable membrane during a backwashing process.

10 The invention also provides a method of filtering solids from a liquid suspension
comprising the steps of:
(i) providing a pressure differential across a wall of a permeable membrane having

a liquid suspension being applied to a first side of the permeable membrane to induce

and sustain filtration through the wall of the permeable membrane wherein:

15 () at least part of the liquid suspension passes through the wall of the permeable
membrane to be drawn off as permeate from a second side of the permeable
membrane; and

(b) at least some of the solids are retained on or in the permeable membrane or
otherwise as suspended solids within the liquid surrounding the first side of the

20 permeable membrane; and

(ii) periodically backwashing pores of the permeable membrane using permeate
remaining on the second side of the permeable membrane after he suspension of the

filtration process by applying a gas at a variable pressure below bubble point of the

permeable membrane to the permeate to displace at least some of the permeate from the



filtration process by applying variable pressure bel ow bubbl e point of the
per meabl e nenbrane to the perneate to displace at |east sone of the

per neat e Wwoamwh2e9ssecond si deof the perneabl e nmenbrane PhTasgwPs39es of t he
per neabl e menbrane resulting in renoval of the solids retained on or in the
per neabl e nenbrane. Variabl e pressure nmay be applied by applying gas at

vari abl e pressure to the permeate or by8varyi ng punpi ng speed of the
perneate. The invention al so provides a nethod of backwashi ng a nenbrane
filtration systemconprising at | east one perneabl e nenbrane, the nethod

conpri si NGetdifd sidecdt thé &ﬁiﬂaﬂbﬁﬂerﬂarﬁﬁ%ﬁgh%%s%%@ﬁerﬁ\e%é hitfbgarr €ssure to
perneate remai ni ng present in the systemwhen fil tratlon process i s stopped

suspen r | er meabl e
nenbrane ﬂﬁggﬁ b %%gﬁégﬁﬁ#%ﬂg§g%%ggf&ﬁﬁgnﬁnv g%?%g%FgV|des a net hod
of filtering SO|IdS froma |iquid suspension conpr|5|ng the steps of: (i)
providing a pressure differential across a wall of a perneabl e nenbrane
having a |iquid suspension being applied to a first side of the perneable
menbrane to induce and sustain filtration through the wall of the perneable
menbrane wherein: (a) at |least part of the liquid suspension passes through
the wall of the perneable nenbrane to be drawn off as perneate froma
second side of the perneable nenbrane; and (b) at |east sone of the solids
are retained on or in the perneabl e nenbrane or



ot herwi se as suspended solids within the liquid surrounding the first side
of the perneabl e menbrane; and (ii) periodically backwashing pores of the
per neabl evoentweEmsIusi ng pernmeate remai ni ng on the secomrdTAisd@9nssrhe
perneabl e menbrane after he suspension of the filtration process by
applying a gas at a variable pressure bel ow bubbl e point of the perneable
menbrane to the permeate to displace at%l east some of the permeate from

t hesecond side of the perneabl e nenbrane through pores of the perneable
menbrane resulting in renoval of the solids retained on or in the perneable

menbr ane. BREEF DENCERIPTFION OF THE PRAWNGGA preferred enbodi ment of the

i nvention will now be described, by way of exanple onlhy, with referenc;a to
t he acconpanyi ] L.y Whi.c gur sho a schemat.i c, di agramof a
backwash syst e/?n gﬁeﬁ\gﬁ% l%draéliq%n&sglgt }ehr\r'lgrelat(;:.oé‘o d%\ivsr{ﬁw% i’eo‘ﬁeécrél?ﬁﬁioiyng'ﬁy Gt the
i nventi on. PREFERRED | MENTS OF THE | NVENTI ON Referring to Figure 1
there i s SHAWR eo?féy’e\’??%/g? FSRES i thy ag%&mwé/msgﬁwam 9 whick e dysbpwpa
according the invention. The system conprises a filtration nmodule 5 having
hol | ow f i SFeeRiifoAtegeam of suppeiwash vipteandorent Bltvation syssemr atcoydingrto janel | y
bet ween upper and | ower headers 7 and 8. The nodule 5 is positioned in a

pr essur? sehtfodevent @f elingention. t hi s enbodi nent filtrate is withdrawn from
both ends of the hollow fibres nenbranes 6 through upper and | ower ports 10

and 11, however, it will be appreciated that, in sonme enbodi nents, filtrate
may only be withdrawn from one end of

PREFERRED EMBODIMENTS OF THE INVENTION
Referring to Figure 1 there is shown one embodiment of a gas pushed liquid
backwash system according the invention. The system comprises a filtration module 5
10 having hollow fibre membranes 6 supported by and extending generally vertically
between upper and lower headers 7 and 8. The module 5 is positioned in a pressurised
feed vessel 9. In this embodiment filtrate is withdrawn from both ends of the hollow
fibres membranes 6 through upper and lower ports 10 and 11, however, it will be
appreciated that, in some embodiments, filtrate may only be withdrawn from one end of
15 the module. The upper and lower headers 7 and 8 are provided with respective filtrate
collection chambers 14 and 13 connected to a filtrate removal line 12 via the upper and
lower ports 10 and 11, respectively. The filtrate removal line 12 is controlled by valve
AV2. Feed liquid is supplied through feed line 15 under the control of valve AV1. An
upper backwash line 16 provides for depressurisation of the feed vessel 9 under control
20 of valve AV3. Waste containing liquid is removed through waste removal line 17 under
the control of valve AV4.
As shown in Figure 1, backwash gas, typically air, is supplied through gas pressure
regulator PRV3 and backwash gas control valve AV5. PRV3 is pilot controlled gas

regulator connected via gas line 18 to a source of pressurised gas 19. The gas regulator



t he nodul e. The upper and | ower headers 7 and 8 are provided with
respective filtrate collection chanbers 14 and 13 connected to a filtrate
renoval |Iwoeohd2visa t he upper and | ower ports 10 and 11pCramsp@otsisedy. The
filtrate renmoval line 12 is controlled by valve AV2. Feed liquid is
supplied through feed line 15 under the control of valve AVI. An upper
backwash [ine 16 provides for depressurli0sati on of the feed vessel 9 under
control of valve AV3. Waste containing liquid is renoved through waste
renoval line 17 under the control of valve AV4. As shomn in Figure 1,

backwash Gady3 {9 4idablpfothd syrfiSieRtifRll ah %g@m 2AARBRES B Sd GIROAL OF

PRV3 and backwash gas contr I'S p| gas

regul at or cte e.18 to a urc of surlsed 9. The
gag regul a or%l%\%guq%tog qCSCpB? & Qfﬁssgfﬁ (ﬁtsett})é'p ?&&1&5 ﬁasg‘c?§ulla?°6w € a
maxi mum pr. p0|nt The gas regulator PRV3 accepts the pressure set
poi nt selto 1%,5\% HES}Qg Y assogiatesk I5pPegtive contralvalyes SRand; SV Asind gas ceptrol
respectlve control valves SVI and SV2, and gas control line 21. Gas

regul at or 1PR\B1.| Gag gagulatoraPRYW ipsefstor bow aregsurg rdnging froouabono 70AQ0KPa whi | e
gas regul ator valve PRV2 is set to a high pressure ranging from about 150

to 250 kPawhiEagds regidatoegalvaPRIV2ARYEL tarachi iRy siue epiRClréd dbbar D5Wtolds0es 22
and 23 to a source of pressurised gas 20. It will be appreciated the

sour ces ofkpar eFauf ig ﬁ@?eglﬁlf’a‘%orllgRV'il%aCPKW i ornk&ted I §§§Hﬁ&ezz P2y l0us
control | able val ves enpl oyed in the systemare controlled b prograrrmabl e

logi ¢ contghglcL of pfe?éugseci B 263 "PW be appreciated the sources of pressurised gas 19 and

20 may be the same source.
The various controllable valves employed in the system are controlled by a
10 programmable logic controller (PLC) (not shown).

Before the liquid backwash is commenced, the PLC examines the measured
membrane permeability and determines the backwash gas pressure required. If the
membrane permeability is above a set value stored in the PLC, valve SV1 is opened and
pilot controlled gas regulator PRV3 is set to a lower backwash gas pressure. If the

15 ~membrane permeability is below a set value stored in the PLC, valve SV2 is opened and
PRV3 is set to a higher backwash gas pressure. The backwash gas pressure can be any
pressure between the upper and lower limits.

Alternatively, to strengthen the liquid backwash performance at high membrane
permeability conditions, the liquid backwash can be set to alternate between high and

20 low pressure backwash by alternating the gas pressure applied to the backwash liquid.
For example, after one or several filtration cycles with low pressure backwash(es), one
or several filtration cycles with high pressure backwash(es) are carried out. After the
filtration cycle(s) with high pressure backwash(es) are completed, filtration cycles with

low pressure backwash(es) resume.



Before the |liquid backwash is commenced, the PLC exam nes the nmeasured
menbrane perneability and determ nes the backwash gas pressure required. |f
t he nenbreioecmanmsabi ity is above a set val ue stored i RCTHS2000@539%9al ve SV
is opened and pilot controlled gas regulator PRV3 is set to a | ower
backwash gas pressure. |If the nenbrane perneability is below a set val ue
stored in the PLC, valve SV2 is opened ldnd PRV3 is set to a higher backwash
gas pressure. The backwash gas pressure can be any pressure between the
upper and lower limts. Alternatively, to strengthen the |iquid backwash

per f or mance atAlWrﬂﬂim&H&nﬂﬁﬁﬂ?gE} llae%]igtﬁpgeolﬂglieﬁgeolﬂ% b%glgﬂé\}\lg%ﬁfnggg pegvash

can be set to alternat’e between OW pressure

alternati a essure applied.to the backwash Liguid. For. exanpl e,
after one n%fitursag%g)r %aggel 1 {? 1%é-t1)|r%s§1?rg J@P&fsbﬂf}(fvﬁsq’ %P ilées‘il:ﬁ]:t% rﬁsé?ﬁ’\}%slﬂfrg?ﬁ gne
or several, filtration cycles with high pressure backwash(es) are carrie
out. Afterneflirpien ¢ydle éﬁ“gﬂféw@&t?e picest vafusnin she Gy 8 VR A ackivaied elyying pe
conpleted, filtration cycles with |ow pressure backwash(es) o
resune. Al thagkwiashvandyhighgas rsessarenis suppliest ta g sytstenc fori m dighapressueey ligeid
measured in the PLC and used to enable a high-pressure |iquid backwash
When t he fbatkwashr esi st ance increase in a filtration cycle is higher than
the preset value in the PLC, SV2 is activated during a backwash and hi gh
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filtrati oRycle may be recorded by the PLC or other device and compared over several filtration
cycles. If the net increase of filter resistance over a predetermined number of filtration
cycles is larger than a set point stored in the PLC, the system will switch to provide a
10  high-pressure liquid backwash. Once the net increase of filter resistance drops below a
set point stored in the PLC, the system switches back to a low-pressure liquid backwash.

In the following example, the operation of a 6 x 120 module pressurized
membrane plant was analysed. In this example, the plant cleaning interval was set to 35
days. The gas pressure for a liquid backwash was set to 100 kPa for the first 23 days of

15  operation and 200 kPa for the last 12 days. Table 1 shows the comparison results.

From the comparison, it can be seen that, in this example, 21.8% of gas used for
the gas pushed liquid backwash can be saved by alternating the liquid backwash
pressure.

Although the present invention is specifically exemplified with respect to

20 pressurised systems, it can be readily adapted for use in submerged systems. These are
systems which involve the use of a liquid backwash rather than a gas backwash. The

liquid backwash involves pushing clean (usually filtered) liquid back through the pores

to dislodge foulant.



cycle may be recorded by the PLC or other device and conpared over several
filtration cycles. If the net increase of filter resistance over a

pr edet er mvoediovmmiser of filtration cycles is |arger thamrCa/tset9psiont stored
in the PLC, the systemw |l switch to provide a high-pressure |iquid
backwash. Once the net increase of filter resistance drops bel ow a set
point stored in the PLC, the system swil2ches back to a | owpressure |iquid
backwash. In the foll ow ng exanple, the operation of a 6 x 120 nodul e
pressuri zed nmenbrane plant was anal ysed. In this exanple, the plant

cl eani ng i nt em\ighid kaekwadhet Qr IﬁLaay] - ei aﬂgﬁl r | J:qui

backwash was se?dto 100 kPa fe?o?ythe§f€iuirﬁlsgtig 2 dsgf:/cg%g]';ﬂugn great‘lagndlgﬁgg’f% kPa
for the | : . h ison.esults romt he

conpar i soﬁ?fuﬂlg%%ﬁ%%le szggfeﬁn&f %g? BP:‘? “iehsf\%‘&g’%ﬁ%‘i@ Tn figlgend Spthythe EXEPYORGr 1 he
gas pushed, |.i qui.d backwash n _he saved alterpating the |iquid backwash
pressure. q%ttg%gdbﬁse?h%v}%lfc&fgﬁ?tei IH\FeW?rS?]H?/rgc%Oﬁec he weper )?“‘gi‘é‘ﬁiﬂ BIESSHEES Wi t h
respect to pressurised systenms, it can be readily adapted for use in

submer ged 28§ digujdsbackiashs Pressire g cangrolied b the)oerrespondieg gas prsssuses whighd
backwash rather than a gas backwash. The |iquid backwash invol ves pushing
cl ean (Usw@ed ¢ontrolled artwet) by thgWlLdC.back t hr ough the pores to di sl odge

foul ant. Li qui d backwashes are typically either air pushed or punped. An air
pushed |iqui d Agukiped basiovdst wasild bRb bafbleQobaaised heahisBAGmilRr fek@tmg 1
with the exception that gas is used to force filtrate in a reverse

di recti on thatlR@se!!ReeHltraRds beMBEd Bir&HSWalle through the membrane to dislodge foulant.
The upper and lower pressures and liquid backwash pressure are controlled by the speed
of the pumps which are controlled in turn by the PLC.

10 The results obtained so far suggest that long term membrane performance will not
be compromised by alternating the backwash pressure. By using the method of the
present invention, long intervals (>30 days) between cleaning in place (CIP) events can
be achieved.

It will be appreciated that further embodiments and exemplifications of the

15 invention are possible without departing from the spirit or scope of the invention

described.



and |iquid backwash pressure are controlled by the correspondi ng gas
pressures which are controlled in turn by the PLC. A punped backwash woul d
al so be aWbeoton2isIused to achieve a simlar result. |nPCRAS200963979 he
filtrate is punped directly back through the nmenbrane to dislodge foul ant.
The upper and | ower pressures and |iquid backwash pressure are controlled
by the speed of the punps which are corBrolled in turn by the PLC. The
results obtained so far suggest that |ong term nmenbrane performnce wll

not be conprom sed by alternating the backwash pressure. By using the

met hod of TARLBriesent invention, long intervals (>30 days) between cl eaning
in place (CIP) events can be achieved. It will be appreciated that further

enbodi menqtsandexenptifications—of LWW

departind fromthe spirit or scope of t &% venti on descPfBed. TABLE | THE
CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS HChléM&ing Liquil NEtd@diaf BRagkd@shi ng a
menbrane (filtration systemconprising at |east one perjmeabl e hol | ow

menbr ane, the rret hod corrprl SI ng the ste%a%"aéliﬁ)&@ﬁuﬁg g essyruri sed gag at a
vari abl e [B¥, Eate present—Tnthe;systemwhen
filtratiadn process rs’stopped or suspended to prOV|de‘%|quid for
backwashi r}gxmhnr@ﬁsmdst he permeabl e hol| ow nenbrane durg ng a backwashi g

process. met-hod—of—filtering-solids froma liquid suspension
conpri sir @aﬂ%’a@t igjsgval(mins) 30

Number of backwashes per day per 40
module

Number of backwashes per day 240
Backwash pressure at low pressure (kPa) | 100 0
Number of days of BW at low pressure 23 0
Backwash pressure at high pressure 200 200
(kPa)

Number of days of BW at high pressure | 12 35
FAD air usage per backwash (L) 1194

(low pressure)

FAD air usage per day (m’) 286.6

(low pressure)

FAD air usage per day (m’) 1788 1788
(high pressure)

FAD air usage per day (m°) 429 429
(high pressure)

Total Air consumption per CIP cycle 11741 15020
(m® FAD)

Number of CIP’s per year 11 11
Yearly air consumption 129151 165222
Yearly FAD air saving (m”) 36071

Yearly FAD air saving (%) 21.8%




(i) providing a pressure differential across a wall of a permeable hollow
menbrane i mersed in the liquid suspension, the |iquid suspension being
appl i ed twoanioomtese surface of the perneable hol | ow menpcans2awo/053vduce and
sustain filtration through the wall of permeable holl ow nmenbrane wherein:
(a) at least part of the liquid suspension passes through the wall of the
menbrane to be drawn of f as perneate frddm a | unen of the per meabl e hol | ow
menbrane; and (b) at |east sonme of the solids are retained on or in the
perneabl e hol | ow menmbrane or otherw se as suspended solids within the

i quid surrounding the perneabl e hollow nenbrane; and (ii) periodically
backwashi ng nenbrane pores using perneate remaining within the perneabl e

hol I ow nerfyR e A INEDERRGNG Tﬁ?ﬁﬁg@%%ﬁ@?ﬁwg esent by appl yi ng

a gas at a variable pressure e perneabl e hol | ow
menbrane to the perneate to displace at | east sonme of the perneate within

rmomor aner deul ¢4 M5UIoA & BHARPARhigE SRR EBNT HLrGr 3G CORPERTE AL RS oBr moabi e
hol | ow nenbrane. 3. A nethod of filtering solids froma |iquid suspension
in a filtrati sresdledalloghpembraag; the methadsemprisipgshestess efapplylng fer ent i al
across a wall of a perneabl e holl ow nenbrane

pressurised gas at a variable pressure to permeate remaining present in the system

when filtration process is stopped or suspended to provide liquid for backwashing

pores of the permeable hollow membrane during a backwashing process.

2. A method of filtering solids from a liquid suspension comprising the steps of:

10 (i) providing a pressure differential across a wall of a permeable hollow membrane
immersed in the liquid suspension, the liquid suspension being applied to an outer
surface of the permeable hollow membrane to induce and sustain filtration through
the wall of permeable hollow membrane wherein:

() at least part of the liquid suspension passes through the wall of the

15 membrane to be drawn off as permeate from a lumen of the permeable

hollow membrane; and

(b) at least some of the solids are retained on or in the permeable hollow
membrane or otherwise as suspended solids within the liquid surrounding
the permeable hollow membrane; and

20 (ii) periodically backwashing membrane pores using permeate remaining within
the permeable hollow membrane lumen and/or a filtrate manifold where present by
applying a gas at a variable pressure below bubble point of the permeable hollow

membrane to the permeate to displace at least some of the permeate within the

lumen and/or filtrate manifold through pores of the permeable hollow membrane



having a liquid suspension applied to a |unen surface of the perneable

hol | ow menbrane to induce and sustain filtration through the wall of the
per neabl evbabiomai9senbr ane wherein: (a) at | east part of pCharskéogosid79
suspensi on passes through the wall of the perneable hollow nmenbrane to be
drawn off as perneate from an outer surface of the perneable holl ow
nmenbrane; and (b) at |east sonme solids Bre retained on or in the perneable
hol | ow nenbrane or ot herw se as suspended solids within the perneable

hol I ow nenbrane; (ii) stopping or suspending the filtration process; and
(iii) periodi aadultindimcki@siliof theXalias retdindd\6h HEH RSP heMoweNDr ane usi ng
pernmeate remaining in the filtration systemafter the suspension of the

filtration prog&ssaly applying a gas at a variable pressure bel ow bubble
poi nt of the perneable holl ow nenbrane to the perneate to displace at | east

sone of t pe t ugh po of .th er neabl.e | | ow menbr ane

resul ti ngrkl?n r'%%e\?/%% og?{lféﬁgg §@f4’53€m? éthﬂ}lﬁesg‘%eﬁ‘s’(?f‘ l?ﬁ?ﬁmloﬂéyﬁﬁ%‘pl e hol | ow
menbrane. 4. A nethod according to any one of the preceding clainms wherein
the gas pressdPBPIS™Zaried between a first and a second val ue, wherein the

first value is _higher than the second value.5. A nethod according to claim
4 wheref n t he Giprevidingd pressursatiferdntinl @cross @ watllofi@ peemenble hollow membrane

having a liquid suspension applied to a lumen surface of the permeable hollow
membrane to induce and sustain filtration through the wall of the permeable
hollow membrane wherein:
() at least part of the liquid suspension passes through the wall of the
10 permeable hollow membrane to be drawn off as permeate from an outer
surface of the permeable hollow membrane; and
(b) at least some solids are retained on or in the permeable hollow
membrane or otherwise as suspended solids within the permeable hollow
membrane;
15 (ii) stopping or suspending the filtration process; and
(iii) periodically backwashing pores of the permeable hollow membrane using
permeate remaining in the filtration system after the suspension of the filtration
process by applying a gas at a variable pressure below bubble point of the
permeable hollow membrane to the permeate to displace at least some of the
20 permeate through pores of the permeable hollow membrane resulting in removal of
the solids retained on or in the permeable hollow membrane.
4. A method according to any one of the preceding claims wherein the gas pressure is
varied between a first and a second value, wherein the first value is higher than the

second value.



determ ned using a neasurabl e nenbrane characteristic. 6. A method
according to claim5 wherein the nenbrane characteristic is nmenbrane

per meabi IWOyn10/021959 et hod according to claimb5 wherei n POE/USRIN053929
characteristic is nenbrane resistance. 8. A nmethod according to any one of
claims 4 to 7 wherein the first value gas pressure is used when nenbrane
pernmeability is at or below a first pr term ned val ue and the second

val ue gas pressure is used when nenbrane perneability is at or above a
second predeterm ned value. 9. A nmethod according to any one of clains 4 to

7 wherein 3.he A niesfodvibergingas cRif ISHlidein ShdSRHad BB sdRAA HAdsurk Salusd ABCE 1S
at or above a first predeterm ned val ue and the second val ue gas pressure

is used when tdgg‘erﬂﬁ{émﬁﬁll? arrﬁézisﬁﬁaﬁﬂcrﬁeﬂlﬁraﬁé?ﬁié?&%s‘ﬁw a second predeterm ned

val ue. 10. A nethod according to any one o alns 4 to 9 wherein the first

predet er mpned y e econd, predet er.m ned value are di.fferent. 11. A
net hod ac cé(;r di“}lgle o d%%gorgﬁléq%fz lagrp% crgin the ’@eWﬁléaPSF arpgfgrigtic,ig membrane
predet erm ned val ue.and second predeterm ned value are the sanme. 12. A

met hod accor diRS§ €8 U%y one of the claims 4 to 11 wherein the gas pressure

i's continuously varied between the first value gas pressure and the second
val ue dgas 7- method according to claim 5 wherein the membrane characteristic is membrane

resistance.

8. A method according to any one of claims 4 to 7 wherein the first value gas
pressure is used when membrane permeability is at or below a first predetermined
value and the second value gas pressure is used when membrane permeability is at

10 or above a second predetermined value.

9. A method according to any one of claims 4 to 7 wherein the first value gas
pressure is used when membrane resistance is at or above a first predetermined
value and the second value gas pressure is used when the membrane resistance is
at or below a second predetermined value.

15 10. A method according to any one of claims 4 to 9 wherein the first predetermined
value and second predetermined value are different.

11. A method according to any one of claims 4 to 9 wherein the first predetermined
value and second predetermined value are the same.

12. A method according to any one of the claims 4 to 11 wherein the gas pressure is
20 continuously varied between the first value gas pressure and the second value gas
pressure.

13. A method according to any one of claims 4 to 11 wherein the gas pressure is

alternated between the first value gas pressure and the second value gas pressure.



pressure. 13. A nethod according to any one of clains 4 to 11 wherein the
gas pressure is alternated between the first value gas pressure and the
second vawvoeogaeippessure. 14. A net hod accordi ng t o anyPOmaSed09obz®79
preceding clains wherein solids are renoved into bulk Iiquid surrounding

t he menbranes during the backwashi ng st%p. 15. A nethod according to any
one of the preceding clains including é'plurality of nmenbrane nodules in
the filtration system 16. A nmethod according to any one of the preceding
claims including a plurality of hollow fibre nmenbrane nodules in the
filtrati onldsysA emthatifaccérdingtth ady ane of the peeceding Rlais e/hefeircdolidsarel> to 16
wherein the nenbrane filtration systemis a pressurised nenbrane filtration

system 18. A rsmbbedinarulk tighid shffoditin@fhR Iﬂém&laﬁés%ﬂ%? tﬁ@ba@ﬁwﬂﬁf?ﬁ?é gg.t he
menbrane filtration systemis a subnerged nenbrane filtration syste
15. A method according to any one of the preceding claims including a plurality of
membrane modules in the filtration system.
5 16. A method according to any one of the preceding claims including a plurality of
hollow fibre membrane modules in the filtration system.
17. A method according to any one of claims 15 to 16 wherein the membrane filtration
system is a pressurised membrane filtration system.

18. A method according to any one of claims 15 to 16 wherein the membrane filtration

10 system is a submerged membrane filtration system.



