SYSTEM AND METHOD FOR TREATI NG RAW WATER Fi el d of Invention 5 This
invention relates to a systemand nethod for treating raw water. 1In
particular, the invention relates to a systemand nethod for treating raw
wat er incorporating a gravity flow nenbrane filter systemto produce water
suitable for human consunption. 10 Background of Invention Cty dwellers
often take the availability of potable water for granted. Cities usually
have huge water treatnent plants that are able to support and supply

vol umes of potable water to |large portions of the city's popul ati on. Raw

water is collected ﬁgﬂygﬁp i to treatnent
pl ants by pipelineg]}g ere’i qﬁETﬁﬁgi?§§{ﬁ§E§ﬁ§“%§éﬁﬁﬁgﬁﬁg reated, filtered

and disinfected. The water is treated to renove harnful pathogens and nade
safe for Qo%ignption. Such treatnment plants are relatively expensive to
operate angldddaremiopne yse of electrical energy. 20However, in rural and
renoteg parts of the world where there is |little infrastructure to support
such a large water treatnment plant, water sources in these areas are not
onl y scartas inventeyrelpsesctorit sisiemardimgihod fphireatinglrayyavateie n padisulag the

bi of 001 cabl ot BRTERRL RAA e SHEa TR B R0AS, AR NORPRRon A% bl NSO

ci rcunstances, often malfunctloning or even hon-exli sting sanftatlon causes
pol | ut i onflove spebralk|fiteofystehetogrdédhueg enater suigably for hahamainsemptdati. es used for
drinki ng water purposes. This concerns human excrenent as well as aninma
excrenent . Therefore, there is a need to provide for an inexpensive and

easy-f(0- NBadkgpduh S Ineentfoar 30 treating raw water to produce water suitable
for human consunption in renote areas where there is little electricity or

infrastructure to support the usual water treatnent.
City dwellers often take the availability of potable water for granted. Cities usually have

huge water treatment plants that are able to support and supply volumes of potable water
to large portions of the city’s population. Raw water is collected from various sources
15 and is conveyed to treatment plants by pipelines where it is physically and chemically
treated, filtered and disinfected. The water is treated to remove harmful pathogens and
made safe for consumption. Such treatment plants are relatively expensive to operate and

require the use of electrical energy.

20  However, in rural and remote parts of the world where there is little infrastructure to
support such a large water treatment plant, water sources in these areas are not only
scarce but may be contaminated with physical particulates, or biologically contaminants

such as waterbome pathogens.

25  Also, in these circumstances, often malfunctioning or even non-existing sanitation causes
pollution, especially of the pathogenic nature, of water bodies used for drinking water

purposes. This concerns human excrement as well as animal excrement.

Therefore, there is a need to provide for an inexpensive and easy-to-maintain system for
30  treating raw water to produce water suitable for human consumption in remote areas

where there is little electricity or infrastructure to support the usual water treatment.
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Summary of Invention In accordance with a first aspect of the invention,
there is provided a systemfor treating 5 raw water to produce water
suitabl e for human consunption, the systemconprising (a) a tank having an
inlet for receiving the raw water and an outlet for discharging the treated
water, the inlet and outlet positioned at a first and second | evel
respectively; and (b) at |east one nenbrane filter nodule in the tank
downstreamthe inlet, the nenbrane filter nodul e interposed between the
inlet and the outlet wherein the outlet is at a |level |ower 10than the
inlet. By f doreant to i ncl ude any contai ner for containing water
to be tred?%ﬁaghgfl?ngg%t one filter nenbrane. - 15 Preferably, the system
i s independent of a pomer source Advant ageously, water is passed through

t he rrerrbranefllter rav flow without th use of ower
source. AR ACHEFNCE Fyit % §§31 ttﬁ%/HWQW‘Q%@CFFeW%Vﬁ 2 B %J)érﬁgt@gn'atter

and pgf | %@r\’&aﬁeﬁﬁ pt&iuke %tepﬁlﬂl@&efﬁf Huﬁﬁ?écﬁ{shxﬁp@drﬁ ! Sﬁ&éltl’l RHPPLRL %A
retai ned by the nmenbrane and thus are renoved fromthe treated and filtered

wat er wi ttAnkahavieg Retad forongceyeing dhe aR\Viyaterf angk amp@itishfor dgchapgiag dheaiseajed t he

out | et of Calil @ th an
outlet of" %[EtEF tﬁeaﬂrrg} gﬁ%%i'l lﬁap%sﬁ@ﬁ%%}. ﬂ%gﬁ’arl ef éé;rgré%:le&% ldE %gqu?a*’e%tsdt gn%\n

menbr ane lkast bae menddne filtee nodek ia thd @nk sibemstrammhe amlet, thid membraRe &lter abl vy,

t he at Ieas one menhr ane f||te LY S & hol | ow .fi br nbr ane.

Pr ef er abl 190 Yl¢ migpese WW’&F}?‘?S@ ‘H:hﬁ ’fe""rrtgﬁ‘tﬁ’f‘ thds 75 % eegel%ﬁrul es.
The plour ahbt ¥e@dlet30 menbrane filter nDduIes may be contained in a nenbrane
filter tank. More preferably, the systemconprises a plurality of nmenbrane
filter tanks. Preferably, the nenbrane filter nodule is in fluid

communi cagy ofniM tiis Sne3hClAMOARRy Etkaitdr 3ot DéhedifiGe Hatt N8 Heeatkli 3R 6 Water.

least one filter membrane.

- 15  Preferably, the system is independent of a power source. Advantageously, water is passed
through the membrane filter unit by gravity flow without the use of any power source. As
the water is passing through the membranes, particulate matter and pollutants as well as
pathogenic bacteria are almost completely retained by the membrane and thus are
removed from the treated and filtered water with a Log Reduction Value (LRV) of at

20 least 3.

Preferably, the outlet of the tank is a lead-through and is in fluid communication with an

outlet of the membrane filter module.
25 . Preferably, the at least one membrane filter module includes a flat sheet membrane filter.
Preferably, the at least one membrane filter unit includes a hollow fibre membrane.

Preferably, the system comprises a plurality of membrane filter modules. The plurality of
30  membrane filter modules may be contained in a membrane filter tank. More preferably,

the system comprises a plurality of membrane filter tanks.
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S5Preferably, the systemfurther conprises a storage tank for storing the

di scharged treated water before being discharged or distributed to water
consuners. In the case where the system conprises a plurality of nenbrane
filter units, each nenbrane filter unit is in fluid conmunication with a
storage tank for storing the discharged treated water. The storage tank is
| ocated at a level lower than the outlet of the menbrane filter nodul es or
10 tanks. More preferably, the storage tank further includes an ultraviolet
di sinfection unit for providing ultraviolet radiation. The disinfection

unit may,,alternatively or_.in addition, include.a neans far di si ng

hi or i e rEEtPLY Tis YEmPpgé AfuAOR L 18 st Lot Rt R P B BRERcul at o
matter. Idorficahedisélaygedareptetipvapnps raw water to the systemfroma river

| ake, canal or underground well. The punp is preferably independent of the
system since the system nay be independent of a power source. Raw water
may bg | g REUBHE Hhd gvsgnf f&%géﬂ&ﬁrﬁms@a LB R AR GBE stk ldRBhARYePiidhtdde! evant
met hod known to the“skilled person. 20 I'n accordance with a Second aspect
of the preaembefpraheing drchatded rog distripytesl/iogwaiemconsumerd. fnothe cpssavhasg theaw wat er
to produce water suitable for hu co j.on, .t pEj sl ng: (a)
Focel vi g ERE St iter 8Pl of R BRI B MEBRLCHCBIRIL B of

t hr ough afftuill Rbeimunication auith, a ttoegt amkk foastorimgahe ldsakdrgahaeamhbaenclte | t er

nodul e 25downstreamthe inlet; and (c) collecti the treated water through
an out | etSIYRET HBK ilpRated et level lovier té%ﬁ hgrouilg ofuhcmerbee FlsemofHaton ne
inletyg tmnal (ARDbYeferhh9, HBIsRRSL nk AFERENHEARMes B uBraR IR diSREER- unit _
Advant ageously, water iS passed through the menbrane filter unit by gravity

f1 ow wi t Heuproviiing eleavplenradiaoneFhesispigeicen st may. pdematypbpor inddiienat er i s
passi ng HH&H&Q%H&%%iﬂ?@@&ﬂ@ﬁgnhﬂﬁﬁéiC“'ate matter and pollutants as well
acterra are r

as pat hogeni c tained by the nmenbrane and thus are renoved

fromthe treated and filtered water. Preferably, the outlet of the tank

is a leadsthr and is.i,n fl.uid. comunicati with an 5outlet of the

nenbr aned'%rf3 efag%g%idﬂ ep mclydes 3 igys ”?Wén%?ﬁr{‘%ﬁa? 8%t a 1 evel lower than the
15

Preferably, a pump pumps raw water to the system from a river, lake, canal or
underground well. The pump is preferably independent of the system, since the system
may be independent of a power source. Raw water may be introduced into the system of
the present invention by any relevant method known to the skilled person.
20
In accordance with a second aspect of the present invention, there is provided a method
for treating raw water to produce water suitable for human consumption, the method
comprising: (a) receiving the raw water from a source; (b) using gravity to pass water
through an inlet of a tank, the tank having at least one membrane filter module
25  downstream the inlet; and (¢) coliecting the treated water through an outlet of the tank,

wherein the outlet is at a level lower than the inlet

Preferably, the method is independent of a power source. Advantageously, water is
passed through the membrane filter unit by gravity flow without the use of any power

30  source to drive a pump. As the water is passing through the membranes, particulate
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water level in the tank. Preferably, the water is passed through at | east
one flat menbrane sheet filter in the at |east one nmenbrane filter nodul e.
10 Preferably, the water is passed through a plurality of flat menbrane
sheet filters in the at |east one nenbrane filter unit. Preferably, or
alternatively, the water is passed through at |east one hollow fibre
15menbrane filter in the at |east one nenbrane filter nodule.. Preferably,
the nethod is a continuous processing operation. Preferably, the treated
vat er i s wiigdirrandpobutanistas wilk asapatisdgenicrbadieria iatntetdiited byuths euprabrene and

20ul travi gl et dj si.nf.ecti treated water is of drinking
wat er qua |?&ﬁraﬁoﬁ?ﬁﬁ¥%a ﬁ@%eg Efﬂ ?éeaegd wat er is disinfected by neans

of chlorlnatlon Preferably, the treated water is stored and then

di stributed. i I ter distribution r Preferably,. the raw
vater is ﬁrﬁ&rgﬁy %ut Lof atak iS¢ vadd Erquah RS lmgl%coaf&macaz@w@eadl t hr ough
the inj ety ffet Bﬁ%etrﬁé}ﬁbmﬁé git&r Able. I‘r@ﬁrébh?@lﬁee&lﬂ’@tlseﬁt eh%%elalo{v@;gthlé’ﬁ%t ron

Val ue (LRV) of | east 3. More preferably, the treated water has a Log
ReductlonWWﬁIh@deﬂNwmﬁﬁ at least 4. 30Preferably, the distance between the
water level in the tank and the outlet is at |east 80cm Brief Description
of Figures In order that the present invention may be fully understood and
readi | y pReefaraitly the satar dapassed through at least one flat membrane sheet filter in the at

least one membrane filter module.
10
Preferably, the water is passed through a plurality of flat membrane sheet filters in the at

least one membrane filter unit.

Preferably, or alternatively, the water is passed through at least one hollow fibre

15 membrane fifter in the at least one membrane filter module..
Preferably, the method is a continuous processing operation.
Preferably, the treated water is disinfected with ultraviolet radiation. The subsequent
20  ultraviolet disinfection assures that the treated water is of drinking water quality is.
Alternatively, the treated water is disinfected by means of chlorination.
Preferably, the treated water is stored and then distributed into a local water distribution
network. Preferably, the raw water is stored in a raw water storage tank prior to being

25  passed through the inlet of the tank.

Preferably, the treated water has a Log Reduction Value (LRV) of at least 3. More
preferably, the treated water has a Log Reduction Value (LRV) of at least 4.

30  Preferably, the distance between the water level in the tank and the outlet is at least 80cm.
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effect, there shall now be described by way of non-limtative exanples only
preferred 5enbodi nents of the present invention, the description being with
reference to the acconpanying illustrative figures. In the Figures: 10
Figure 1 is a schematic drawi ng of the system according to an enbodi nent of
the present invention; Figure 2 is a schematic drawing of the system
accordi ng to anot her enbodi nent of the present invention; and 15 Figure 3
is a schematic drawi ng of the system according to anot her enbodi nent of the
present iBsefiDéseriptiDebAFigadesDescri pti on of The Preferred Enbodi nents 20
Referring to the acconpanying drawi ngs, Figure 1 shows a tank 10 conpri sing
a cover 70 having an inlet RWfor receiving raw water. Downstreamthe inl et
RWis a nﬁxf’@ﬂ&r’[ﬁatfthé %&genﬁmuhﬁor%ay E@ﬁm}?/aj ErstoBY @hd védagily pﬁnem ctical filled
with water is shown wat er | evel emsrrbranefllter ule 25 is

i nt er pos e%ffqﬁétthﬁéﬁhﬂhéo‘f‘/rhee‘iesﬂweérﬂ Vaual nowlipiative, prampl GST‘HEY Pﬁ‘iﬁﬁ‘i‘i\’i‘é‘t RW
is filded reat r i a the

| ead-t ro%ﬂéﬁg%glgﬁ(ftfatﬂ%gre%gnﬁep (t)ﬁér{?lg cﬁgcr tﬁp?%éég gv(s){thdlrﬁ&%g\é/ae?g?ﬂ?@evel 15
and | ead- adeompglyirillnsxatibe fipass.t i oned at | evels A and B respectively as
shown by the relevant dotted lines in Figure 1. In an enbodi nent of the

i nvention, the lead-through 20 is positioned at a |level |ower than the

wat er | evelthd Bigufssom Figure 1, it can be 30seen that the water lever 15 is
| ocat ed near the top level of the tank 10 while | ead-through 20 is

posi ti oned near the bottom|evel of the tank 10. The difference in height

I's shgyn Brure 1 is a schematic drawing of the system according to an embodiment of the present

invention;

Figure 2 is a schematic drawing of the system according to another embodiment of the

present invention; and

15
Figure 3 is a schematic drawing of the system according to another embodiment of the
present invention.
Detailed Description of The Preferred Embodiments

20

Referring to the accompanying drawings, Figure | shows a tank 10 comprising a cover
70 having an inlet RW for receiving raw water. Downstream the inlet RW is a membrane
filter module 25. The water level when the tank is filled with water is shown by water
level 15. The membrane filter module 25 is interposed between the inlet RW and lead-
25  through 20. The raw water RW is filled into the tank 10 and the treated water TW is
discharged via the lead-through 20 and a membrane filter effluent pipe 50. The water
level 15 and lead-through 20 may be positioned at levels A and B respectively as shown
by the relevant dotted lines in Figure 1. In an embodiment of the invention, the lead-
through 20 is positioned at a level lower than the water level 15. From Figure 1, it can be
30  scen that the water lever 15 is located near the top level of the tank 10 while lead-through

20 is positioned near the bottom level of the tank 10. The difference in height is shown as
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d, representing the water |level difference before and after passing the
menbrane filter nodule 25. This creates a transnenbrane pressure (TMP) that
forms the driving force to pass the water through the nenbranes. The higher
the water |evel difference d, the higher the TMP and the greater the fl ux
of water through the nenbranes. The positions of the 5 water |evel 15 and

| ead-t hrough 20 ensure that there is sufficient TMP, i.e. water |evel

di fference before and after the nenbranes, in order to achieve a desired
flux. Pref emme;ntmg theawaterdsyeli dilfarenes befhes m@%empawngethpureﬁnbranq gltgn | east
about 80cm Ki |1 [ e a
desired onrﬂoclul |rrum1§ ?r%atgs %Lb e%% Bg%sgﬂr |(I%W|) Qha{t 11 ng‘gdlt“gn re ikr()abl y
nmount ed qiasat}ﬁwattaltlﬁrodg}sﬁhambfmmm’ltHeehlgl&smeo:ﬁatérheveﬂ dififerehOe dﬁhehghabl y, the

menbr ane | ule 25 |s_aboyt 10cm ahoye t base _of the ta

There sh FJ&@;E&KE% rgT‘FaéfEr&l‘?]QHXG iafes thrg %1{'6‘%‘?5’& AT Ng RSt qﬁg‘ﬁﬁ’? e f| | ter
nodul & 25yier fevéll 5 AMBAGEROIgA MPbRhre tHECheleab sifficlehe THWEL €&, Waiéelevels about
30cm hi gher than the nmenbrane filter nodule 25. The depth of the water

| evel i nsdifferenercbafergiand sftarghe gletrﬂm\eaetl OFdeF et tﬁyetar@@mrf-'éafbm Eﬁfef@ﬁ’i&

menbr ane t I he
menbr ane E’ htegtﬁbogﬂgéﬁltg)f%ﬂé%g}l{]ﬁg&ﬁg}lsﬁe&o B ett%ﬁk%ggﬁaﬂqus t eS|d$ ed

wat er deppdmcmb:an&aﬁyhﬁnmmctﬂntcamﬁia’vblatdemeldnnltopmnﬁﬁ flux. Figure 2 shovvs a
further enbodi nment of the present invention shown in Figure |I. In
20addition to the tank 10, and all the features associated with the tank 10

as shgwn Tlﬂa wb@bfage filteth@dine22id p’t@ﬂewﬁgsmf)wtédl&ra degratndi@snce adm welbasehow be
described in detail. Polluted raw water be stored in a raw water

storage t@efrike sokyig; Brefosabiy.dhe membaang fHisr Hl"é‘b‘le@éds\ﬂb?tﬁ 19cmgbaye &5 BBt or e
bei ng fedyd gk %}Jﬂﬁ]tﬁ{é}% HuM B RaePRRGGE AP 32A0 80BN Bt thd NFerfiRRRECT i ON

channel connects e raw water storage tank 30 to the tank 10 via RWon the
cover 70. filrencbin@ztis &nlycimamersid B5watery Prefetablde the whter e valOisfaboutr #epvi ng

coar se t.eri or ex: a i-Gul ter . sand
or | eavg‘salﬂlgéﬁrghﬁng%‘g EW" \Et &rer nﬁdtu«%?%%tﬁve ]i}t% ’f%ﬁe &F‘te?/}eéggd%%gh%ggﬂi aced
anywhey e B} BRlust dwerﬁlﬁr{(mg)gtth@mgﬁtamﬂm rzgrﬁbﬁhe g(l)ten‘ ;ﬁb@.ﬂé y? inthie efrkui@ndluof t he
raw wat er _storage tan e sieve ma v e

hol e geon® GiEtanr BEBCEh G mﬁtﬂﬂ% gy %‘}C\h '? g?f@\Pz t%er’fag'f iﬁgiug?fheof t he

hol e si Wé‘esﬁr@@%htef‘@épﬂp@odvé'i&%eﬁlﬁ%ﬂe ﬁﬁéﬁmodﬂ]@z§0n”ec“ on channel 35 is in
f|UId comuni cation wth the raw water storage tank 30 and tank 10.

Figure 2 shows a further embodiment of the present invention shown in Figure 1. In
20  addition to the tank 10, and all the features associated with the tank 10 as shown in Figure

1, Figure 2 includes further features that will now be described in detail.

Polluted raw water RW may be stored in a raw water storage tank 30 which preferably
may be provided with a cover 95 before being fed into the tank 10 via a connection
25  channel 35. The connection channel connects the raw water storage tank 30 to the tank 10
via RW on the cover 70. The connection channel 35 may include a sieve 40 for removing
coarse material (for example, any particulate matter such as stones, sand or leaves) from
the raw water. Alternatively, the sieve 40 may be placed anywhere along the connection
channel 35 or preferably in influent of the raw water storage tank 30. The sieve 40 may
30  have a slit geometry or a hole geometry. Preferably, the width of the slit sieve or diameter

of the hole sieve shall not be larger than 2mm.
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5 1n an alternative enbodinment, the raw water is directly punped into the
menbrane filter nodule 25, provided that the punp that punps the raw water
has a sieve in order to prevent |larger particles frombeing punped into the
menbrane filter nodul e 25. The sieve may have hol es having pre-determ ned
diameters to trap the particulates in the raw water. 10 A plurality of
menbrane filter nodules 25 nay be placed in the tank 10. In other words,
the present water treatnent system may be a nodul ar system consisting of a
plurality of rrerrbrane filter nodul es 25 that may be renpvable. In an

enbodi ne of the ent 1 .or. 2 or

be used at¥otdf '°f18 l?%i‘fdp A %Ogﬂﬁ%qlf%loﬂylg?tﬂ?ﬁ%w g\?gelr étr?{ag?ﬁ%q(l’%pst em of
1 to 4 megananeld il ter nodul e 25 nay be equi pped with only one connection
channel 35 to achieve an even hydraulic |load of the 1 to 4 nenbrane filter
units. Each nenbrane filter nodule 25 may conprise of any suitable nenbrane
filters oryfiy jléﬁﬁtlg@elﬁf}@d@ﬂeﬁtothg}gw%tér ?q“&%l m#eﬁ'?ﬁto @feeméﬁlbltaﬂp lGef OF
filtering and treating raw water in or ve pollutants, especially
parti cul anhedule2teprosiidd pldt Hbe enmp thnttpunapsvtbc ya\quﬁereliaslacrﬂevﬂ:yl order teexanpl e,
flat sheet rre rane

Wat er SysH 8@ Fart P%P%Vsﬁgwggyﬁ 8?15‘83 "}\%glilﬁ?omg E‘E’glltehélk %—‘Iﬁ’llﬁ owaﬁegr eV\él >

nmenbr ane dipduh@shdvehole habihgipredetaaiingl dihattbly tb m@mtmaammes iaGh&Siaenens

USF, M tsubi shi Rayon and others. Nomi nal pore wi dth of the nenbranes used
shal | preV#f@ably be equal or bel ow 40 nanometer, offering a narrow pore

W dt hydi stribution and a high perneability, the maxi mum pore di aneter being
| ess than 100 nanometer. In an enbodi nent of the invention, the nenbranes

of the nefiphunaityfofimandransiiites dnideles 35 amay tel pleced liede tadnift: amether wouds | at
sheets bej 8%&{*%% 1Led tre%ﬁﬁén&%%%%ra L0 e, 13 ng&‘l %’s{%mt éro*hghéﬁ‘@é §f a ﬁlPal pgtrate

from out si nmenbrane he ne nne of t he
nmenbr ane kabrasb €idter mbdley 2t mey bg renmdblet &dart embdidmpmendd nhmmvéntimer

Fi 1 1 oroa BABS AT O M Nan Bies s PO (P4 POBRINDIO e SOLFCRARD t he

tank {9 vi@mk fa@stérﬁaﬁhé §sRing Bf 2Q0 4AhtBbRAL e Modild 23nRdhed cqiifiediwint of
thelnventlon a hollow fiber nmenbrane may be 5 used in the rrenbranefllter

modul e 250nIyHEe gRamestiongshagng] 6%t0taﬁblew@% P‘(Fél fbrﬁraphfél%é b Fgriglof eRbrang
penetrat eg; 4 he;embrane into the lumen of the fibers. The filtered and
treated water 1s then collected at the outlet of the fibers connected to
the nenbrane filter effluent pipe 50, leaving the tank 10 via the

Ipiegg- 1’.58r iO %ﬁg%ﬂeﬁ%o Dﬁﬁmﬁ | iegﬁ gﬁytcgrrr]]lﬁnéeodf e;[nr})esmt rrcprrn%r% rafnie Iﬁth:%rr oreffilielréJ ent
20 known to the skilled person that are suitable for filtering and treating raw water in order
to remove pollutants, especially particulate matter and pathogens, with a very high
efficiency. For example, flat sheet membrane modules may be obtained commercially
from Kubota, Weise Water Systems, Martin Systems, Microdyn Nadir and others.
Hollow fibre membrane modules may be obtained commercially from GE Zenon,
25  Siemens USF, Mitsubishi Rayon and others. Nominal pore width of the membranes used
shall preferably be equal or below 40 nanometer, offering a narrow pore width
distribution and a high permeability, the maximum pore diameter being less than 100
nanometer. In an embodiment of the invention, the membranes of the membrane filtration
module 25 are flat sheet membranes, the flat sheets being mounted vertically in the tank

30 10. The water can penetrate from outside the membrane through the membrane into the

inner part of the membrane flat sheet filter and being conducted to the membrane filter
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with a treated water storage tank 45, which preferably may have a cover
100. A distribution pipe 60, which may preferably include an ultraviol et
disinfection unit 55, distributes the treated water to a plurality of water
taps 65. Alternatively or additionally, the treated water storage tank 45
may include a disinfection unit that introduces chlorine 15 into the
treated water. Still nore alternatively, the nmenbrane filter effluent pipe
50 nmay be connected to a disinfection unit 90 that rel eases chlorine into

t he treatdtuemipigre, StaBy pabeng theabhaobranglocmembranes, ¢l want wntenwyfilmed &dl i nt o

NGRS R e SR B N e SO R A

of nmenbrane filter m)dul es 25. In the case where there is nore than one

tank 10, the water treatnment system may be equi pﬁfe)d wi th one conmmon treated
wat er st ohbgBativEhi imandther spgefiment alchr sventien Moty IEcameBEAeMExE%i 1 i ty.

Al ternat i yeh Yo th%%é?nﬁr%‘fbkﬁl%é} ngfcﬁbgv\s A vﬁg@equ Yddtih Ee SRHABE ?? fhelh&mbask Wt er

storage tank 45. 25Figure 3 _ enbo I ment o he present
i nvent i onfikes agthpewetiates Fhaymembaine finto ttlkﬁ kimeniod dhavBhars. Theefiltesod ont weatesk or age

k 30
Lok 39, e ARSIt 3T So e AR o D5 vt
raw wat erpip@y0,dexvirg thetahk d0 adhsicad-gdoigh 2(the raw wat er storage tank 30. I'n

30 essence, raw water is passed through the systemby gravity flow w t hout
the use of any external power source. The systemcapitalizes on gravity to

al | 0V\10"’at]§6wﬁsﬁ?ref1ﬂnq}i\é EaBRQGQﬂEe rﬁéﬂﬁarﬁiésﬁlﬁfﬂefmiéhﬂggé‘GOt@ﬁ fiedesARRRIcatldl S
effect is achieved by positioning the outlet at a position or |evel

| ower t hawith He traaied rwatery eiprags tankny 451 méichworedsablwamasy hﬁ%e al toRed oA 1 ow in
"t t t bel
2,00 L lBLAOMT oSG BTN IBHE R 4 Al R ByeS51 5 bel ow
treat ed. dlstrlbm theviesated veanérad s fhinelityanfkval€r tags G3\Allteriatieclg av addlﬁﬁhallm
t t t h th nb t.h
O oo b oo L Y R0 B PRCPLAIER Sl o

pat hogeni ﬁtobmett@aﬂea wike®. Stal AloRealieativilg, e Thdiese MitdrfBuddk gipel 50anseduct i on
val ue of at | east or 4 and thus are renoved fromthe filtered water. The

filtered Yagospedtsd t@@ diginfepgonmisiOthal refepses chigpiag ing s tigpted pyaterABRBRG ne

filter ef izge 50 ends in
t he stora{é%akb?;gﬁlﬁjcgl‘gﬂhw e?gterﬁag bR B%’?gﬁﬂeé @&a@f gtl) ggﬁnﬁﬁghgh t he

menbrane filter effluent pi pe 50 |s fed to a disi nfection unit 90 applying
chl ori nat Prefer e dis n| t er at n g yechani cal
ot et pi S0 RearPreria e disy e SRSl PEHRZALGHATE aPfE BB NI BaTR T ey
conpr2ce mhy 8e d(}ﬁllrlmymfmﬁblﬂﬁﬁieaﬁil&d mydubdsexst i[rl fhe&:laﬁ’ @here there is more than

one tank 10, the water treatment system may be equipped with one common treated water

storage tank 45 in order to achieve maximum operational flexibility. Alternatively, each

tank 10 may be equipped with a separate treated water storage tank 45.

25  Figure 3 shows a further embodiment of the present invention as shown in Figure 2. In
this embodiment, the raw water storage tank 30 and the connection channel 35 are

omitted. Instead, the raw water directly is fed into the one or a plurality of tank(s) 10.

In operation, raw water may be collected and stored in the raw water storage tank 30. In
30  essence, raw water is passed through the system by gravity flow without the use of any

external power source. The system capitalizes on gravity to allow water to flow through
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15 The nenbrane systemis independent froman external electric power
supply and is operated only by gravity. The required TMP necessary to nake
t he water pass through the nmenbranes is provided by the water |evel
difference d between the water level in the tank 10 and the | evel of the

| ead-t hrough 20 of the tank 10. 20 As only the water can pass through the
menbr anes, whereas particulate matter and pollutants as well as pathogenic
bacteria are retained by the nenbranes, the water, after having passed the
nmenbrane the kjstdm GRWidaRy, the mq&ﬂﬁmmdi‘lﬁi offieet! id avhévedpy positiorangltherondezll ve way
for undergoi ng, further eatrre e b ns, of a disinfection unit 90
that may, %?@Gﬁgﬁon&a\%i weg dhanythe. gy @Bﬁﬁvéiltlgeﬁﬁgh%‘?%rfls’a%?rd?a el 1% avi ol et
di si nf ectfQp ipPidop Bbottdin CheHck B?‘gfagﬁ v Thel H&hHERIfilENBOINES tsRAvesr Wat er
TW achi eves drinking water quality conhcerning hygienic requirenents. The

nmenbr ane davinseanmsiuvelsr éfwel Eyithedhinemerged ebthpurnwa&@eroﬁ@ebeatr%w Pae@ahse t he
vat er SOLLGal BROL (& hnRClPRERY Bl (fOUNENYBUR bniilhh ¢ I?fbvy\@&%lstﬂé gy will

gat her t he rirnking water |nuousy‘from e Installation
of atr eapasdngv&trmghsh@nﬁgmm}amkf #hE nehdbome filteh moﬂnb&ﬁeﬁaﬂmlme mattebandst or ed

rior toue The fi]tered wat TWfromthe tank 10 will flo
P ror ane R0 BryelL s Ratse e PacEy B e b e mebsines pibanth Boa "9, A

a furtheregi®idnOfalde’ §R4tNRAE 3 b2 dhill they &d MRoeEd FiSndingi filteeed adtebyTians of
chlorination 5 by a chlorination unit or by ultraviolet radiatign. The

di si nf ect filéaedmiater gBitsvalytheanerpbyeny filer ll'ﬂﬁdlﬂlh85rf§?r‘1§1?f‘aﬂ‘émibfqﬂﬁé}lteé1efﬂ‘ﬁ%t pi pe
50 Th ”' é@‘ﬂ) Gllh%tné%-ﬁﬂi £} eitleh éﬁr&% ﬁg%g@sein t §t§ﬂag§9.mk 'sttﬂ‘éfe‘ﬁﬁﬂf lthe

distri ternativer isinfection unift
i nstall edwataswﬂel ﬂcbwmgrtmaugdthnan@nbrama)ﬁhgeafﬂmmk pip8.504s $wl tara qbem&lctIQIUppl 2

e mocestl o, B e otiineRo o Pidiratily, e AP cke Ui AEUPERBR of ! °°°

di si nf eCtin@éhaHi&hIt pRiplé fwm@uekmcﬁdeua)mwm lenérgy aMabmaiVedy, thbenitagay r ed
el ectrical power can _be supplied froma local electricity network, if

avai | abl eSongirisg gha B%S‘W‘EPRI%QFWWBY%‘H@%%W& c solar panel conbi ned with a
battefg to allow continuous operation. Alternatively, disinfection may be
carried out by means of chlorination. The disinfection by chlorination is
achi eved The niembraneatysigmnist mﬂemdmtégf@m ankext@najselegide Paaer symdy aad it er

ne 2 TR of ST BBl A FR SR8 1im Fecheliy B R the hiueP ATl 7 1o

not requi PR S or regula I'sin ion may
be carri etﬁe@t&nlﬁ%eﬁﬁiﬁpﬁlﬁvﬂfed b} theavated letel rdiffiiratde ahbet@tdnethe past lavekatthent

steps |1 kenl?% us& trﬂgrllc;[vepoftgcle_ileagr}lrgggﬂ f%ie tahk %‘t are not described here.

20
As only the water can pass through the membranes, whereas particulate matter and
pollutants as well as pathogenic bacteria are retained by the membranes, the water, after
having passed the membrane filter device, is preconditioned in an optimal and innovative
way for undergoing further treatment steps by means of a disinfection unit 90 that may,

25  for example, apply chlorine to the water and/or an ultraviolet disinfection unit 55. If
chlorination is included, then the treated water TW achieves drinking water quality

concerning hygienic requirements.

The membrane filter modules are suitable for continuous operation. Because the water
30  treatment can be operated continuously, but the water users will gather the drinking water

discontinuously from the system, the installation of a treated water storage tank 45 allows
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20For mai ntenance reasons, the raw water storage tank 30, the tank 10 and
the treated water storage tank 45 nust be equi pped with bottomoutlets 75,
80 and 85 respectively. In order to control and mnimze the thickness of

t he cake |layer which will be formed on the feed side of the menbranes due
to retaining particulate matter, there nmay be an aeration installed on the
bottom si de of the nenbrane nodul es, providing for an upwards fl ow of 25
water and air, which is known as crossflow aeration. In this case, a bl ower
IS to be thoekude datel he be epudd fribrab esé. riediltepalwatec W Feomstppdnkeld #ilbm a

| ocal electricity networ i f_avail| able, or can be obtained by_a
phot ovol té‘?"&‘@d“%‘f“e g’ﬁ‘@? Ehﬁ‘i’@ﬂ%@élﬁ}?ﬁ? >0 mtei thrdeafid water fiorpgeiapk %{% al | ow

continuous operation. 30lf the nmenbrane filter nodul e(s) 25 is/are covered
or bl ocked by retained polluting matter and the flux of the menbrane filter
decr easesAs a fiygentep 196 trsatmant|the lered tyatasfis dismfectad hyemeanstofichlosmgiédnsary and

possi bl e to gliean.the fi ; ef: 3 j j n be
achi e\t/gled bé}f ki %lekr?rmgaltl%)%c H@Pﬁ%ﬂ ‘élo{ It%a%%aggﬁ% cgéa%egtgﬁr?s%%rﬁ%g%”ﬁg@ i/l\n&fh cl ean
wat er or, indepmeahbrage diltet Eifluamipeasie Thoditaesld yqkatiobyundridataynoe inmakéd ow
through the filter, As alterngtive salution,. al.sa chemcal cleani of the
menbr anesih; the BEEE disfributign lI?%Hen@' ternafuely dag disiicehgn 4Bi (?é A I(S‘ﬁtag
recomendggidamst REEQT S8Er Ribrdglaaienbr ANBlRPHEE siippbR | dveiituallyyRickidingya NaOCl
in a concentration ranging between 100 ngCl/Liter to 500 ngC/Liter. A punp

may be uskagetso sistinp foaviighit Emer ppRrption;  RFBYides dhG needAY WY gloBURAWEX er wel |
to 1016 an&{lg’lﬂngjqnt IEF PN AGh R d&;ﬁé&%ﬁ Jn’i’t% $no y&@tri@ véRMs BSaifdbleyen by.
aval | abl e a b

any kind o power, prefer y using a punp, driven by an electric
mot or . | fTle kramakd widcaicatipeiver [rat i ten supglind rikon 2 ddoak atbetriskty sndtwork, tihe

treated water, ,can al so fed int his .network. , 15\Wii | st .1 he has been
descri beda‘iaﬁal?lﬁeorfcﬁpZﬁo‘?’ﬁﬂn@gg%F‘ipg‘f)foéfﬂﬁ%? Sp'ay palis! &P @F&r@vﬁ%sa %?"att z" pr esent
i nvent i ongligv cditinholReopendions hnesatpeld, sefesikdd ey be Rafried duebhmedangyf
concerned that many variations or nodifications in details of design or
const r uct FrdermREgn plhe digefectiany rhlgwatien isr?ﬁh‘FYfiS’rﬁ‘tﬂ'I‘f‘etrﬁ‘F%s‘éﬂfr o RoN.

CLAIMZ 45 and shall provide water with a residual content of chlorine of 0.3 to 0.5mg/l. If
chlorination is not required by local authorities or regulations, then the disinfection may
be carried out by means of ultraviolet radiation. Other post treatment steps like

adjustment of pH can be included, but are not described here.

20 For maintenance reasons, the raw water storage tank 30, the tank 10 and the treated water
storage tank 45 must be equipped with bottom outlets 75, 80 and 85 respectively. In order
to control and minimize the thickness of the cake layer which will be formed on the feed
side of the membranes due to retaining particulate matter, there may be an aeration
installed on the bottom side of the membrane modules, providing for an upwards flow of

25  water and air, which is known as crossflow aeration. In this case, a blower is to be
included. The required electrical power can be supplied from a local electricity network,
if available, or can be obtained by a photovoltaic solar panel, preferably combined with a

battery to allow continuous operation.

30 If the membrane filter module(s) 25 is/are covered or blocked by retained polluting

matter and the flux of the membrane filter decreases to below the nominal capacity of the
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1. A systemfor treating raw water to produce water suitable for human 5
consunption, the systemconprising: (a) a tank having an inlet for
receiving the raw water and an outlet for discharging the treated water,
the inlet and outlet positioned at a first and second | evel respectively;
and (b) at |least one nenbrane filter nodule in the tank downstreamthe
inlet, the nenbrane filter nodul e i nterposed between the inlet and the
outlet, 10wherein the outlet is at a level lower than the inlet. 2. The
syst em acfigsrditng re@esshrgi 4andlpossivdy & leahahs ysdnebranies ﬁltEtdﬁmdmldesD]tZSOfThis power

source. 153. The system accordin one of Wwher.ein the
Creatod vl G b SREVREAUIRET WC@&P de(ﬂw?n‘b% §%’ ql?i‘§§t°f ushmgzl’”%T

syst em acgondi A& 6r0déb@¥d19% Bn %e ﬂl@ﬁbﬂh@ ﬁﬁféhl@g typle @b BreatiMpedRk o, ol | et of

the tank i1s a | ead throu is in fluid communication with an outl et of
the menbrthndilteofAs al@maﬁw laoletlon 51s0T¢i@ms<gaé clearing obithei membignemip RosEblss t he

I V\h | ud
gr ?th sh esgt%gal mngemlcg 1?1'afq¥ Egl%egtéaéiﬁaaﬂ'ec% %éﬁﬁgﬁ)grgfr]e&dgfsleé th@%ﬁlﬁaﬁ@c udes

he"s en1ac ng to any one of clains
1 to 4, whedwdé m]:tpher a;tpwaHgS*iaG(ﬁenmmmbcmum tangingrbetivdes 100 atgitldsteatchol | ow
fibre nenbrane The system according to any one of the preceding clains,

wher ei n tﬂE“EQQﬂé

A pump may be used to pump raw water from a river, lake, canal or groundwater well to
10  tank 10 or the raw water storage tank 30. The pump may be driven by any kind of
available power, preferably using a pump, driven by an electric motor. If a local water
distribution network is already existing, the treated water can also be fed into this

network.

15  Whilst there has been described in the foregoing description preferred embodiments of
the present invention, it will be understood by those skilled in the technology concerned
that many variations or modifications in details of design or construction may be made

without departing from the present invention.
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conprises a plurality of nenbrane filter nodules. 30 8. The system
according to claim7, wherein the plurality of nenbrane filter nodul es are
contained in a nmenbrane filter tank. 9. The system according to claim
8, wherein the systemconprises a plurality of 5 nenbrane filter tanks.
10. The system according to any one of the preceding clains, wherein the
menbrane filter nmodule is in fluid comrunication with a storage tank for
storing the discharged treated water. 10 11. The system according to any
one of the preceding clains, wherein the system further conprises a storage
tank for storing the discharged tregiﬁgwgater. 12. The system according to
any one of clainms 10 or 11, wherein torage tank 15further includes a
di sinfection unit. 13. The system according to claim 12, wherein the
disinfection unit includes a neans for dispensing chlorine. 2014. The system
accordi ngl-t o o) apysterp, fonhieeading rave Witet rip eprodaee wrater ispicablidfer shumsiins f or
provi di ng ultraviolet radiat]i .15. The system according to any one of the
prec e%i ng“‘clf“é‘i‘ U i 5¥Sé% c@ﬁgﬁﬁr}ﬁ'et Y ° Y

(a) a tank having an inlet for receiving the raw water and an outlet for discharging the

treated water, the inlet and outlet positioned at a first and second level respectively; and
b) at least one membrane filter module in the tank downstream the inlet, the
membrane filter module interposed between the inlet and the outlet,

10  wherein the outlet is at a level lower than the inlet.

2. The system according to claim 1, wherein the system is independent of a power
source.
15 3. The system according to any one of claims 1 or 2, wherein the treated water has a

Log Reduction Value (LRV) of at least 3.

4. The system according to any one of the preceding claims, wherein the outlet of
the tank is a lead-through and is in fluid communication with an outlet of the membrane

20  filter module.

s, The system according to any one of the preceding claims, wherein the at least one

membrane filter module includes a flat sheet membrane filter.

25 6. The system according to any one of claims 1 to 4, wherein the at least one

membrane filter module includes a hollow fibre membrane.

7. The system according to any one of the preceding claims, wherein the system
comprises a plurality of membrane filter modules.
30
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i ncludes a sieve for trapping particulate matter. 25 16. The system
according to any one of the preceding clains, wherein a punp punps raw
water to the systemfroma river, |ake, canal or underground well. 17. The
system according to any one of the preceding clains, wherein the systemis
30part of a local water distribution network. 18. A nethod for treating raw
wat er to produce water suitable for human consunption, the nethod
conpri si ng: (a) receiving the raw water from a source; (b) wusing
gravity t® paskhewsystem tabecodigh tanclpind &t vdfersin tthalkpluahty ofamientbearientjltert | east
one 5 rrenb((r)]d'me fil trﬁr. dul e ownsﬁlre the inlet; and (c) collecting
the treatBEIUFAES ¢ ?‘B%Haéﬂer% % te(S?a he tank, wherein the outlet is at a
| evel | ower than the inlet. 19. The nethod according to claim 18, wherein
the nethod is independent of a power 10source. . .

9. The system according to claim 8, wherein the system comprises a plurality of

5  membrane filter tanks.

10.  The system according to any one of the preceding claims, wherein the membrane
filter module is in fluid communication with a storage tank for storing the discharged
treated water.

10
11.  The system according to any one of the preceding claims, wherein the system

further comprises a storage tank for storing the discharged treated water.

12.  The system according to any one of claims 10 or 11, wherein the storage tank

15 f{urther includes a disinfection unit.

13.  The system according to claim 12, wherein the disinfection unit includes a means

for dispensing chlorine.

20 14.  The system according to claim 12, wherein the disinfection unit includes a means

for providing ultraviolet radiation.

15.  The system according to any one of the preceding claims, wherein the inlet
includes a sieve for trapping particulate matter.

25
16.  The system according to any one of the preceding claims, wherein a pump pumps

raw water to the system from a river, lake, canal or underground well.

17.  The system according to any one of the preceding claims, wherein the system is

30  part of a local water distribution network.
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20. The nmet hod according to any one of clains 18 or 19, wherein the outl et
of the tank is a lead-through and is in fluid comunication with an outl et
of the menbrane filter nodule. 15 21. The nethod according to any one of
clainms 18 to 20, wherein the outlet is at a level |lower than the water

| evel in the tank. 22. The nethod according to any one of clains 18
to 21, wherein the water is passed 20 through at | east one flat nenbrane
sheet filter in the at |east one nmenbrane filter nmodule. 23. The nethod
accordi nglg.o afAymeti®doforctreativg I#8vt wafel, towpesdace Wwiter waitshle | for plassed

t hrough at | east oag hollow fibre menbrane filter in the at |east one
menbr ane $9UFHEPHGRy HGIMREthosecOmpPAISINghe et hod according to any one of clains

18 to 23, ;apheridivihP e Ry RRgkrifonfla §QMLd; NUOUS processing operation. 25. The
met hod according to any one of clainms 18 to 24, wherein the treated water

i s 30di si () ectusthagravityiotpesp/varethrqughiantnlerpf a tagig thetiaek hastirget leastoradi ng to
any o o) I % L. - eated water is disinfected by
maansr%f %ﬁ%‘éﬁlg@t%&&%g? géﬁm'gl%h%%%gééordi ng to any one of clainms 18 to
26, wher eich t hollectaatthatrsmdewatesthbmizh ne dutkn df theemmkei stri buted into a | ocal

wat er distributjon network. )
W ereilIJ1 tixe outféi }s ata ll(e:ve] lower than the inlet.

19.  The method according to claim 18, wherein the method is independent of a power

10 source.

20.  The method according to any one of claims 18 or 19, wherein the outlet of the
tank is a lead-through and is in fluid communication with an outlet of the membrane filter
module.

15
21.  The method according to any one of claims 18 to 20, wherein the outlet is at a

fevel lower than the water level in the tank.

22.  The method according to any one of claims 18 to 21, wherein the water is passed

20 through at least one flat membrane sheet filter in the at least one membrane filter module.

23.  The method according to any one of claims 18 to 21, wherein the water is passed
through at least one hollow fibre membrane filter in the at least one membrane filter
module.

25
24.  The method according to any one of claims 18 to 23, wherein the method is a

continuous processing operation.

25.  The method according to any one of claims 18 to 24, wherein the treated water is

30  disinfected with ultraviolet radiation.
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28. The nethod according to any one of clains 18 to 27, wherein the raw
water is stored in a raw water storage tank prior to being passed through
the inlet of the tank. 10 29. The nmethod according to any one of clainms 18
to 28, wherein the treated water has a Log Reduction Value (LRV) of at
| east 3. 30. The nethod according to any one of clains 18 to 29, wherein the
di stance between the water level in the tank and the outlet is at |east
80cm 15

26.  The method according to any one of claims 18 to 25, wherein the treated water is

disinfected by means of chlorination.

27.  The method according to any one of claims 18 to 26, wherein the treated water is

5  stored and then distributed into a local water distribution network.

28.  The method according to any one of claims 18 to 27, wherein the raw water is

stored in a raw water storage tank prior to being passed through the inlet of the tank.

10 29.  The method according to any one of claims 18 to 28, wherein the treated water

has a Log Reduction Value (LRV) of at least 3.

30. The method according to any one of claims 18 to 29, wherein the distance
between the water level in the tank and the outlet is at least 80cm.

15
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