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W THOUT BI OSLUDGE PRODUCTI ON CROSS- REFERENCE TO
WREWSDEBIAPPLI CATI ONS [ 001] This application cP@l/A6200/@00410
benefit of priority of US provisional application No.
60/ 867,508, filed Novenber 28, 2006, the contents of
whi ch is hereby |ncorporated1 by reference inits
entirety for all purposes. FIELD OF THE | NVENTI ON
[002] The invention refers to a process and appar at us
for cleaning wastewater with no production of
bi 0sWARER REATKAMHATNDNOWITHO URNEROSLODGEFERODUCTION
Wastewater treatment is the | argest biotechnol ogy
industry in the world. This industry handles and

di sposes CROSSREFERENCRALS REIA TEDA PELROA TIONS

resent no threat to the population and the
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1n1tssmtrbﬂyeforaa1bpmmmszed before the partially treated

wastewater is then fed- for secondary treatnment in a

bi ol ogi cal treatnent plant, where m croorganisns

degrade and st abi IFIEeD OF THEENVENESNWAt er to

bi omass. (sl udge), water and ases. [005] The )
[002] i cr Blesy ippRtORETefaRR O GrRIaEesh am% ApRaypYs o eleaming pastewater with no

re separated from the water by further

pmdu\segﬁfﬂﬂg oq‘g%'t he "reacted" wastewater in-the biological

t anks, whi ch' has carbon substrates neasured. as

bi ochem cal oxygen

demand (COD), ﬁ%@%&ﬁ%%ﬁ@(ﬁﬁefﬂuem as :
[003]t he Wagtawaer @datheif i the Thgest bisrtiabl&fyfihdigtl invihe wdrldeThis industry

be di SChar%g@ i.nto open waters or, send for further

handles,and disRpses ametin and indpgirial wasiss sothayspretest By flueat to the population
andtﬂere%aﬁ&ﬁﬂéntl s by, far the nobst common treatnent process

for municipal and industrial wastewaters. 006] Most
[004]bi ol B edtmenteefi servage ir avastewatsw is eost fte first glon¢ in primary

clarlf?gt?dn;/ (%étﬁ?ltgzlaygg\s{lé% &%%ﬁﬁds &Wgéttlecﬁé {}ggveﬁ rbg%" th% ngml#ly treated

many organi ¢ Was
wasteomater t ismthent fedu it sdcondaey ttf.eatm:ent oinb aobmgjgﬂﬁl t&ﬁ&htﬁiﬁsplant where
reat ment techni
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gases croorgani snms i s mxed and aerated. The WO
2008/ 066497 PCT/ SG2007/ 000410 2 mi xture fornmed of
05]\was t Bigamisroosgapismsghe girew ondhe substrate inythe| wpstewater gk separated from

the wile¥ %‘} filfiLo 5ettl;ﬁ‘£t #'thd hFeacted?’ wastewater in the biological tanks, which has
carbon substrates measured as biochemical oxygen demand (BOD) or chemical oxygen demand
(COD), leaving a relatively clean effluent as the treated effluent. The treated effluent will then be
discharged into open waters or send for further tertiéry treatment or for reuse. This biological
treatment is by far the most common treatment process for municipal and industrial wastewaters.
[006] Most biological treatment plants now use the conventional activated sludge process
(CAS). CAS has proved useful for the treatment of many organic wastes which were at one time
thought to be toxic to bioIogical systems. This p.rocess“ is a treatment technique in which

wastewater and reused biological sludge full of living microorganisms is mixed and aerated. The



m xed |iquor has been fornmed in the aeration tank of
an activated sludge process (CAS), excess m xed
WO 2@806649pB di scharged into settling tanks and PEESG2007/000410

treated supernatant is run off to undergo further

treatment before discharge. Part of the settled

material, the sludge, is retzurned to the head of the

aeration systemto re-seed the new sewage or

C
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mixedrigpoy ke Heen forided it [heaiemﬂnh tanfkrod e sistitatedkshajpetpnecessatGAS), excess

mixedlplgﬂuggfgaﬁ%arg[egded Mt\é\ﬁ%e?ﬁgth%\%?% t er F/ gs/lerru%t(ifp 20 undergo

furthe PHORBER Heftte distiRkGe Phi9 ol Bkistled bhatelial, tﬂ@eshmge (s fétirned to the head
| arge aeration tanks and clarifier fanks: The

of thecepnafiont piieln bF re-red dhe new fewagmpr wast@vpter geteeg dirgtapk. “Excess
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procesacd keeptthrasié nfijiempsieedd tcé mge am#age\eaed (¥/Mestio) éalbdllnree. '

‘ ual of the .effluent. convent.i onal

1007) ot ety e e p e 35 [oEArele PR e need for lrge

aeratidf @Ak A c1kifdr gtk athy cdrﬁﬁ@h@;doﬁﬁxfe@ﬂﬂﬂ&lt g@dlit@ wiPBe dependent on
gravitational settling of aggregated. m xed m crobi al

the bignregess espepialdy slagen bulking whichhjaysadyscreyseprallams go thergperation of the
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conc:fnt rations.
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Good lsEfarda0s iVhsiheyvatdnd édt at the Moc@Ul R Schafc ffis@RNET Bt @fixed bacteria
| arge quantities of excess sludge due to a shorter

populafiogdee thet wiiting rabilitive qfsthy) biomassnatie| iplatively heoarerg pto highf biomass
concex’i_’trajﬂgnéj QHeSbIOI-ng cohl &RhE R lin BRA AL 8RRFRht BbedshhR us@zﬁfyqﬁﬁlted to 5
u usual ly represent 50-60% of the total cost
g/l. In@A@tm,sthe\ﬁbﬁSewagte\eacIrMmpit mcerqumeraEs lar@o |qu;mt1ng of excess
dan

| .akha ter
sludge dl}e t9 Af(g‘la T Bu %f: 4§§te£§1% tlmegélégy\a V\%ll i Sth(e: :allr_ rg%b}pg% 5215 days. The
treatmegtr gl dds;idsﬁlcathﬂhﬁ;n‘t&dess fshudpe’ uslmblbyrmesleﬁt SIBWD%EME‘ihy total cost for

al nost co Ieteyr ain This. le r cher
CAS Vi ey asdreet « (s e]g'f ComeineahaNiwe (N 2001, Water

Sci. T‘é@iﬁio?%&ﬁﬁ(é B?aﬁ thzt)efrhébb CH@RbdcRs 8 BBt1ans8R" éircuh%&]ed if the
nmenbr ane bi oreactor or subnmerged menbrane bi ol ogi cal

blomalsSeﬁcqomlgf«lymmhmepmplﬁaQiy setainedp i s leady masedrehgrs into the study of
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[009] t anlA nfenﬁ)rz@&&meadtoxaomﬂsbfeeged therthbramd bmloglimi/ lrewtor rsysiem (MBR)
t he hi omass. concentrati on can . be increas

has beeg é’&}%’é‘cﬁeﬁs% étillen&oﬁ AR TEEENEATsHgT 18 &Wgem&eé'l tﬁe CAS wastewater

treatm®ht! BG trépl & i/ &b S8R1ARdad k¥ .St Al QBth et OffltratioR devideSA an MBR,
a | ower anmount of excess sludge which  would need to

the blg@asgecpggq:m@gorq cRn g incxeasedzJpading to Injgh rorganic loadipg, compact model

,strucugé gg&grﬁ aﬁh qg\;}eﬂﬂd%te l_p\foqu\éﬁ!)n 3% 15821 n%\]: &89&% f’%&f@é?%ludge which

M Ccropor ous -o Traporous. menbrane nodul e
wouldsepdtabe déﬂmneds(}llrtgg, Xr, ohm L{theQmaf Yy 208t Rrberdy qumhanssy, vol.36,

p.lOOf,@%bé;%% f O%g@f{;:rlggégwwg%% er&r%l%ter% railerz %gdtu[e%s) t0 separate the

sludge from the activated sludge process (CAS). Therefore, clean water permeates from the one



side of the nenbrane to the other side of the nenbrane
and suspended solids (SS), bacteria and viruses are

WO 2008/06ra87 i N t he bi oreact or menbrane tank of tPEI/AMBRO7/000410
[010] Furthernore, in an MBR, the high | evel of m xed
i quor suspended solids (M.SS) effectively achieves
nitrification and denitrification w thout the need for

- extended aeration. Another advantage of the use of

side o?lﬁupébr%l Bé 0 tflé?_fglt!hgpa tIBF ﬁlehﬁgzk}gﬁﬂﬁ %ﬁls%gn 4 sON& §§>,ga\%vcte1‘ia and

|ons eore I ca run ver
virusds/aMd reairied irathe bicseastop ptmﬂudaﬁeaarﬂsockf ity BIBR.| ow sI udge
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effectRRES héHidves [ngillﬁ]:atl-BBUzﬁmd ﬂﬁn@Y@htfan%ﬁwStﬁardée@f&d @&ended aeration.
production, it is inportant to further inprove the

Anotl@m @itvamf@gespéttéﬁsu%p aneehipgry flesiioge ior thpaidifieaense . to hydraulic
ﬂucmﬁp(g(g?ﬁ? tlcgiﬁlft',E a MB1 S Qt\laLv réél)wllﬂl\/ﬁaﬁ& Eﬁcfls@lé@)%?éd t{)tﬁ@hlevealow

I nve diTect to an ar at
sludgelpe@dmm@l oApplyiagttheveVBR eatipne sludge dmhzn‘gbnnrlgéuhmal appllcatlon
h nmenbr ane bi ol. gl cal reactor system (MBR); and a
OWeRf sy BY pﬁeﬁ‘l@ ane nodule (MBD); wherein the MBRis

[011]1 N fHis GtoGRBTIUIHNEEE P siill e proBectiWB Ot iPfimor sl tBquﬁPf&Qﬁlﬁrove the
sl udge from the MBRto the MBD, and wherein the MBR

existipggpstems der depningtspwegami ivsteMalcEas es per neat e passed
t hrough the nmenbrane of the MBR, and the MBDis in
fluid conmmuni cation with the MBR for feeding perneate
passed t hrough SUMMARY QIn ¥ HE INVENVBONback into the

o1 G5B A b LEE BB D o

wasted@eptsthpridg® any of the preceding clains, wherein the
process conprises: feeding wastewater to be treated

' | nt o ad MiRaergedanembranehielosicalicariefesystemMEHD; MBR into a
D, sﬁm’?e? S&Mbr&&erg%@%g@ )udge in the MBD,
ug

feedl ng per neat e passe the nmenbrane of the
VBBefeack i nto the MBR rel easi ng per rreate passed

t hrough the rrenb ane of the MBR g
pPoducty MRR i@ OW%@W&%? M) eé&m psessspdge from

4the MBR to the MBD, and wherein the MBR comiprises an outlet which releases
permeate passed through the membrane of the MBR; and
. the MBD is in fluid communication with the MBR for feeding permeate passed
through the membrane of the MBD back into the MBR and comprises an outlet for
releasing gas.
[013] A process for cleaning wastewater using an apparatus according to any of the
preceding claims, wherein the process comprises:
. feeding wastewater to be treated into a MBR;
e - feeding excess sludge from the MBR into a l\/fBD;
e, dlspersmg the excess sludge in the MBD;
~ o feeding permeate passed through the membrane of the MBD back into the MBR;
. releasing permeate passed through the membrane of the MBR; and
. releasing CO, produced in the MBD.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 014] The invention

will be better understood with reference to the
wWa@l2aalob@e’ descri pti on when considered i n conjRCESG7/000410

with the non-limting exanples and the acconpanying

draw ngs, in which: [015] Fig. 1 shows a schematic

overview of a wastewater redctor of the pr esent

invention. Illustrated are the main conponents of an

apparatus for cleaning wastewater inclusive the

optional conponents |like the pretreatnent reactor (3)

and t he el erBREERBESGRIPTIONLOE §HE DPRAWINGS | ndi cat ed

are the filtrat.ian nbr anes .and.(5) in th .
[014] Sy (0% HARCER e, Do gsrstots, bifoieatietee oO s Spiiddescription
when EGTHRAIIGALHGRS:tioR with tRd RASHMBRE\WRAAPIEHShdSthe BcBmpanying drawings,
_ conmponents of the apparatus as wel Y as the out Ipet S
in whithr  t he gases produced during operation of the

appasat e o [ FG . .
1015) SPERGE | Ehcsd SfemBIEER ok B £ Mok @ffmick Rl BF e grent invenion.
Mlustratad ean¢ itloen maivh icbrpdtiegts of2in shpasstus Her Mebhing twestetvatenanclusive the

. optional c nents, napely t el ement bal ancin
optiona cqueigpens JRE T Gy R OLEEARIRG () B B emep oA reagtor (6. Also
indicafddOME tie fRfafofl @leaibrfrds X)eindi @WiR the! BREbRI tnd the MBD. Further
bal anci ng_reactor (23), the pretreatnment reactor (20)

discloggdgasenhthe mﬂ;gd (mumq@gmpse @ &nRjDesarbesea sthe qurglq} igamponenis of the
appar stoésexgeﬁ ldpﬁ% (Jélpgtls N tﬁ% §%J§§%r&dﬁ@e&&1§h§§?ﬂ%§ﬁ%ﬂﬁ g? gﬁcépggratus of the

and t enment nci ng react

~ presemdfpivientdial.. Fig. 3 indicates feeding punps (27, 28, 14

R S AR
2b shélgd e INBDGVilovt e opfiortal CovbdRefitg Shiiel{ 8i2)elethdnd balagring reactor and

- three separate tanks (120, 130, 140). The arrow (12)
the pretregipent 88C0he connection to the MBD (21) whereas the

[017] 'ei NGrig 13 khdvpadh GRS Uetfall&d BOADewddt WRI didindnh gﬁamg\e@&% (23), the

nters the MBR system of the apparatus of the present
pretreatmeatepsor. (20EANA) thEMBDEGIR THE| rediargElaT px ¢sNENTE dNt§d0ing$ indicate

The fact th r ct] f S d [ . .

that et Bl Bk BoP B8 U e B LrROERT R T 08 ik Sigpal. Fie. 3

indicates dedding puyapse(27( DBRY andn Shohidhearapompiag lgoidpdme«lsiudgs from one
deag to the |ack of understanding of the behavior of

tankt‘i’ﬁ_ I“Gﬁ‘i"ﬁ’ﬁni smin the system Mre dead or inactive

[018] M Crm?.r PaRbwER henedhsra sicshov eifefle I MBRBEs eglith he three
CAS. Tt was noted that the total WO 2008/ 06649

~ separaugpnistid 30 73000 (The prrgivd l Yondisstessths camnection te g MBD (21) whereas

the s PE) el e phinf A {130k Slleelek ek, i, AN i apparats

of the presei@ssvention.

DETAILED DESCRIPTION OF THE INVENTION
[019] The fact that the production of excess sludge in a membrane bioreactor or submerged
- membrane biological reactor system (MBR) can not be avoided completely is due to the lack of
understanding of the behavior of microorganism in the system. More dead or inactive

microorganisms have been discovered in MBR compared to CAS. It was noted that the total



[020] According to biological fundanent, the conplete
sludge retention tinme (SRT) is supposed to generate
WOorprg/oeead or i nactive m croorgani sns in MBR PET/SG2007/000410
this controversial issue of conplete sludge retention
in a MBRis the change in cgn‘position of the m xed
i quor which may reduce the biol ogical capability.
This means the mcrobial viability becones nore
mlcro%grﬁgﬁlg Qxﬂp}a‘?e binsr?lggﬁc %thhc&ﬁﬂp&e%ﬁtﬁﬁgitfﬁqgﬁd o?%a'ﬁm ﬂe%val have been
re dead or act i vate m croorgani sne
lowerdtaanhxseatthaIGASprobasdl scharged. Beside the issue of

dead, or i na t'v
1020] gcochipirbofh Bigeal PRt dheiatmbbie foptssyerensopdipeySRD) is
suppoﬁéaletosgkhbkﬁieemﬂiiecdda@|oa|mdéh@<§j Hfidroorg@Ysths &1 MBR.I126E] thitl @ntroversial
ymeri c subst ance EPS% IS another major issue in
issue %mmplet¢ﬁlu§ge Eeien 18R MRRAR the shangaiparompepitian 9 thenaixed liquor
_ f 0 I A
Whlchrlg o#e{(lg d@tlillg té%g Eél ﬁ{ye?}shi@ VI\}lt &E 'tl}\: 01?1%6 mgb?]zg J?ﬁ)gpty becomes more
questi®Rbs: SMBE WD cdlapb)e s(llkdlgrrgtentmn, whre deadPor; inGEtanate Microorganisms
0 chem Vol .,1001- 1006) .. . .

rave 3} S5 Er gl Paud e SR A R Br U bipggamisms in

MBR OdccmGRESn B @Sdanttgeuspédded isONESS)! Sspebial ehed@ed1© RE6robfAe product

apparatus and net hod of the present invention. The
(SMP}, 95 sf*iragedlutas rpadyraerifi sgbsmee (EBPkviaraothet majes jssuss éndoubt. This
t C{ u &R 0

sccurh B oh AP REBem Tk EAQ Sfo TEAGHR BIHORIGRY has boen
reportnd)ﬂmome(m&) systaime vgthnshorttané mvBRm SRTs (5 toul0® days) (Huang, X., Gui,

ion the ing excess sludge

P, Qi S"%h%% gﬁ’cp‘?{g‘s%d"i}% \ﬁhgﬁg%} the MBR
[021] conpi IoEd%S t@Proitel £bysedmi Slithr ) Hrag@sion &F ¥REIsE bRAREEE the inventors

hrou h the nmenbrane of the MBR, and _the MBDis in
have IV‘ilPPP BAPRRAFCUE ngrinsihedofithepietset mypntiose dheepraeatrdat geaning of
waste@ﬁéﬁﬂhéﬂ%@ﬂgﬂw&ﬂﬁ)n c@ﬁﬁmﬁé%ne of the MBD back into the

MBR and conprises an outlet for releasing gas. [022]
. awbmgeémﬂir@edﬁolbﬂealpc®ssmyst¢mVMBtRl)mm,d t he apparat us

of .t he res i nv t $urther conprises a
I 2 r?’?éa? 1%8 '‘ein the pretreatment reactor
whereins i n fluid commruni catlon with the MBR and with the

MBD; whereby the excess sludge is fed fromthe MBR
o thatMBRHe in Shuig P(@amﬁelﬁ@thnewh éhe MBDvlforcf?edlne eggese shdge from the
MBR 1) BB DE A SRERFe bR DufbrRRUn el MRf g et Poment passd
througlhthq:membngeofuhem ande appar at us of the present

n L an S not co at.nent reactor,,
. %ﬁﬁf%rﬁ indluf ?nguwﬁ%w Jfithie MBR fﬂfg dingneEReate Ragsedfhrough the
membkde dF {h@‘MﬁDsﬂa@E pkPhe MBR Rfd s &l MHREfor rQRsidaVBR

systemin the MBD. WO 2008/ 06 407 PCT/ SG2007/ 000410 6
[022] Thudn onerxample ofdhe prssant neartiony the eppasafusief the present invgniéen further

complligg? asﬂrét?ea%er}t rl'gacléé)%Dv&JhQrem allgtﬁeﬂlggn&t rgac'm% is in fluid communication
with the MBR and with the MBD; whereby the excess sludge is fed from the MBR into the
pretreatment reactor in which the excess sludge is dispersed with a disperser housed in the
pretreatment reactor and is fed into the MBD after dispersinig. In case the apparatus of the
present invention does not comprise a pretreatment reactor, the MBD is larger than with the

pretreatment reactor to allow dispersion of the excess slud’ge from the MBR system in the MBD.



not possible to use a large sized MBD. [023]

"Wastewater" or "sewage" includes nunicipal,
w@soed4dur al , i ndustrial and ot her kinds of PCT/SG2007/000410

wast ewat er. The term "excess sludge"” describes the

part of the sludge which is6rermved from the

treatnment in a MBR because it is not returned to the

begi nni ng of the MBR system for re- seeding the new

T, e R B (R (et Aol AN klFlants where s
not pogsibld t6 use alergsemed MBIANd t he excess sl udge. The excess

sl ud conpti ses the.o ni ¢ _sludge .(hj osl.u an )
102313 o st AT LS e i R ripmeigth dEsit Rl ke S8 oter kinas
of wasteliied Thé tekhe‘cetstidgel’ Q¥efibésafe phrt bSthe QRApOWRich@s removed from

avoi d any production of organjic sludge. [024] Instead
the tregpmeyyt dg H:MER@CQ‘E% itdg gk EtEnedi9ethgpe@ipning of gledBRysystem for re-
. r . .
seedin BEHGR Sk o e BSOS R g hOGERn o MBR
systenmesrbsistn of rthel pas YskBpr anrceedpigi anhlkiey excepy dudgeatThenexcess sludge
reactor. I.n the pretreatnent reactor the _sludge is
compeE8 Sieorsif (s, iR RPN Vo PR o, WD §E Sobitams and the
methold o€ el pigseftdmventibe it $d pragibleftb @¢sid ahy frodiidiion of BRahiCkludge.
' flocs or particles or even individual bacteria.

[024] supdasieadnel fischarging ther progtsesiudgey thich; is nogmaldy peaguped; ip @ MBR
systenii,ﬂgxe S'\iﬁgcasfa gﬂuo%% MRb&IcEd i€ ToY o %n 2AHARMAE cﬁ&%ﬂaﬁﬁ?gg submerged

€ remai ning organic conpounds In
membggue enexluld (MBB) andeoptionslbyr @ prktreatmehereh®0r. ilmthe pB@Ratnidng reactor the

MBD and the . nenbr.ane filtration tank (NMB-tan f .th .
studa SR fododon R D ol SRl e e, Bl focs sve
into sthhlder $louslgepdirtidlendr even indivddabBagterid) Subsqhdntlyathls p'rﬁreatled sludge is
. Shorter than in the MBD. ] n one non-limting .exa e, ..
dlvertf_fJ;@f%%? %Q?mwé% rempvahel QeAiG fiemRund 08 H’I?Bh“féﬁg&e remaining
organic RbmPbifls iif) tHeRRcAVBHud Jd4te coflBred irPthe t}QBD"iﬁﬂor('J@ﬁe TRRMBD and the

condition in MBD, the endogenous netabolismwll| be
membygpe fiisgtiongank(@-tank) of the argtibe sameq dhe giftereneeligs inghe fact that

o GBS MBRDL oD ) gy g o i

exampld) ithchSRT wtas B0 flgd ib eelMBrbak ¢fithe MBR aiddimfideg inatieaMRID. Thus, due

of . .or ic Jdn th D.is hased on the.hydr i s and .
to the i e kSt AheB i snpesoneptabilissy SAF bt e ppocess in
the MBDewRdre tHea9des delt istibgradad thtél@ @at&doport. MAisvailEetofi@ibuted to the

active mcroorganismin the pretreated sludge which

impuritieg iy dhe, MBI peareate which osillgb fednback iater the MBEy e degradation of
S5 M i 081 ORISHE Wyt SRSy S dd
microgrghtismuinthe peetreged sludeer are degragaddgutbe romaivihg aetweaeici®rganism in

i. e, oductjon. Hen this.condition reduces th .
the pririedt SRR Hhich ol w1 oot DDt i PR bt der this
starva@dn €ofidRivas & the JBDNEN ofHel dhergyBehiicd BIahél insGbaE a6 is used for

fromthe apparatus _of the present_ invention. The still

cell majnjgnapce sather geangraductian jof neWecedls. ity deRrpdissipp Hercgethis condition:
I o .

reduccd (DG Bh O P I i Ml Sur® el b8 RE LAk which would

need perbreatiscoargéd oo hthenepiarame off theherésBd WORGOB/ ThH4EGN living

microcag;lrx{issn?sz 191Ot écs)l%ggél l(:)rans¥orm the biomass into CO, which is a gas that can be easily

removed from the system. As mentioned above, the permeation from the membrane of the MBD



is diverted back into the MBR for further polishing
bef ore bei ng di scharged through the nenbrane of the
wWO/BRS/0ddIvs configuration allows avoi di ng the pPCISG0TN00410
of organic sludge which would need to be di scharged
and di sposed. [025] The MBR as well as the MBD are
under aerobic condi tions and use a m croporous or
ul traporous "nmenbrane” nodul e(s) to separate already
is leeH@@tb%gk YRS & R $SORh Pﬁﬁglﬁnﬁ%@ﬂm %%IH? gcﬁso%ﬁr%&? Shrough the
pressure gradi ent across rane ces
membrafqiloﬁjthb AMBBn %B&mﬁ@hmhomelﬂlbﬁimmﬂﬁf@ itlee podadtivnenfestgdnc sludge

o RSV ERRRRRRRS AR, oL, hose, pums @

[025]MenDriRIEBR am&meisaneem 83 lindéta8fobRESONBRTRS arld W@ atri€roporous or
one S|de of the nmenbrane to the other side of the

ultrapReos aw@ bang” maduls) dp sepraats plpedydeptabMagigwate from the activated
sludgag}cﬁ:'e% FESEJ}Q réécﬁ’én‘? aago% tﬁeaEJémb;r Ies‘fo Q?%hé"ﬁ ulﬁnl]oy enetrate the
ett r perreate quality Si st

membgifinet Mbisgs a¢h1¢vy:d b?hsmgesechdn(penaeeﬂ;epvanp& éJ ssfgcthnsﬂ:mumps a vacuum is
.settlhin tank i mnaj.ed . when using a

appligiah e PR 6 TR e SR A B RIS P th one

side of ft&: MeNbRAE totthe bhRer NBRoAIRE himbMBle dnd nitAbRI afd Yusk&idkd solids are
in a turbulent f]low,. which is paraIIeI to the

retaingh i Figriiomsacter takeT hiidpes wntsqaby Sicam beitenrammeatp gualitg byt also the
r %

cons1§ctsf 24 aog QHQ %%lg??lé %%Eg‘tog g‘gg@c{rﬁ@ %e&)&gl |%1F1tg g ?a‘?@ is also eliminated

whenabmgambv@erﬁitratm ngduleaman MBR pod/ot MBD.of rmt erial on

102615 heoRF S o EUSERELONBP § st BRI Reb o tufolsot gy whicn s

paralltln® thenienthia’s Jilitacai Thibldepeleios préventsCnidlesfos! depositing on the
produce |arge ajr bupbles tq Eéow de a scouri n<1;
membring AR & PRax alremy dveosied Brbeiaceo i agditigarl| o altematiye method to
avmd%f)@s'itldnsopﬁlﬁféﬁﬁlt &gtﬂerkru%gé"of iR HEAbYAARE &StoCHBide YRS Mender for
high rate of yield. [027] The arrangenent for the
memhrmeeqcsmmg whieh ds pkaefrdelmlowﬁlmmembmms drik i glertlernwilheontinuously
S 0 d
produ?ﬁ?ﬁ@% S%}ejl?ubé)ge t& P%vﬁdéea nsggﬁrfﬂgé{g ac% egiagr} ngtrll%ﬁlﬂgrfe mgéules while
clean enatdr isipeemeat¢dobmupb tHeheerlobies cominubhdy aodhighk rae of deld.
This_nodi fication permts,. in . additi
10271 o phiFarene ik R bl & e firfirat e Scruspbingbe appartus

of thel p?esfeﬁﬁnm%h%an 8¢ I1dcafeli at fhe HEB&’( en@Wftiad mBAuISS or ahI& or at the lower
din the nodule or tan virtue of the liquid

ul
end, lfel & pren'g the bertanmef @smqslﬁietqsm@ hisenedificatiop pgmits, { addition to the

o B B 0 VR AL AP 9 A iion o

the liq@idhiarthe inadule betask by biren dﬁth,e lighid flsviag Hohshe bcmonowgehthe top.

di ffusi,on 0 h [l er air. bubbles..In cop s
10281 g P 3i30gR o SHEE, e AR a8 P Bt b EPT i Gpveen diffusion to
providefifielialr suPplyN©therxBsh klieaiobldndar) th@ra&@for@) forDebBJRk £ Hiffusion

due to their % r surface area. [029] The -a paratus
produgg muych palicsnair %\&béhﬁ. bh gengiala| snnllen it bulebley jaHew begier oxygen

ennc}ﬂe%l?fn th@mﬁ)nalﬂ.lﬁﬁgi th?rgﬁfééf ayﬁ%ﬁl& Cﬂll lt@meﬁ e%el’ S.erace %a

tation ent wvmthlnth
[029] 2008V1@&©14@5tu§’@' Th8 ERGen/iaadd canBalso comprise stirrer or mixer in the MBR

and/or MBD to allow a better agitation, i.e. turbulent flow within the tanks.




[030] The MBR and/or MBD of the apparatus of the
present invention can also conprise backwash punps
WO 200806@9Tenbr anes | ocated in the MBR and/ or MBOX/S@G2007/000410
backwash punp is used to periodically create positive
pressure within the nenbrane core to punp perneates
back in reverse direction fromthe inside of the
menbrane to the outS|de of the nmenbrane to renove
slu e r
[030] Thed%;%eﬂﬂé? z[ndzbac tﬁe %géss a(S),P e Gf)?esgnt xkxé%}lg‘ﬁ n‘Qn %ﬂ? comprise
backwiakle purapdfoathe nhbjnhrsl&s dxfcatehen deMBRrad/oeMBD. e"dbztdkwaﬂopimlp is used
al ]. oy conti nugus operat|0ﬁ> f th subnEr
to pe é{ﬁ:éetags poslxtlvg prﬁﬁspwow{t Péﬁq rr&:?éxﬁ]ca{& o[?unglh germeates back in
reverse eSO R6mMRE MsRRAGICHRE n@éﬁ%rarﬁvt@ te Lotde T (B rdeRBrane to remove
nenbpane..£031] Porous filtration nmenbranes for use in
sludgenvargtesialavkich plogs the peres afribevmemhranpelheruse gfid bagkawash iprocess as well
e
as aergt?(gl cgf?iée ﬁxggﬂhﬁ %g%?{éf@ﬁ t%E %ng;é%n%fi% ?JUe aﬂo% %Hlm&'ouQ %‘peratlon
of thecabmeriged membedtip(sgd.cowithalt sl thein oo oﬂt‘he syﬁad %Maﬁtﬁhbnce and
filtra |on nbranes are cellul ose acetate,
avoid fonling of the 8| phone, pol ypropyl ene,
[031]pol Wo%lfsq{l{rh'tﬁfnoﬁEﬁBfaﬁ&efdr REEE wastB¥@BPpRasts Qe RENVAM L fhe art and
whi ch are used for such filtrati on nenbranes are

have igiggnesnh apare Hiamefen of Abawr0-0d ingito, abopt humuand@xé wede of different kinds

of polk}ntefr"snérué%a?x%iggf g:%grrrll_g{eé %g ;Bg{yﬁ‘fé%sg?lélg{é %?ezlllsr?b gor[o {4 ﬁl%r%tlon membranes
are cefielobe aceeate, polyachiden polysdphonec golyprapséne, @bbztema'ﬂe@‘béthyleﬁe (PTFE).

ExamplGgo otV GT i op AU R 7aUN: iAo PERDGPCaie Qieah gerly alominium

oxide Qftadili@ oRIdeS@Bfiumi diyai broind Skidd, Ovi ded in Figure 1. As
can be seen fromthis Figure, wastewater is fed

[032]t hr d{ygﬁle Son-limitipg eeqqule, ot @etmgsem_b,mvggtgqne ﬁlile( membrane is made of
qﬁﬁR The high quality

Cmam&%ﬁ%%%%%&%t?%eregﬁﬁ%roug E@ nbra%e (2) of the MBR

[033] ( 1) Alsexmmmetywk of mtissible coafignration efadreapreyatiseofytha present

mventcof) 8 lprov &eél m)Fl Xcagt Ise s%enu%%ﬁ)tﬁ)ir %l(l;%e g eas&l,wa&]ar 1s|vad through an

inlet (pII)E‘IﬂtcE&temﬁm E)&&ﬂﬁ QI) c(ofﬁ)prisimgvﬂﬁslfbhlet'gbﬂ fiérblgee (D). The hxgh quality

t th
permehigy BRI 15 MePHRSRE) ORIt SR [9S TPt bRk ffhe natural
water E 1&331aR SuF&Z 71, &he ‘é@ée@@sln dg% RERILE BGHhE MBI ?l)l\i@@d"\he?ﬁ‘ connection

e pretreated excess sludge is deconposed. The | ow

(12) n@fg ahg prptregimentergacsorf (3) mewb@ tther du@@ is enditéarisd dntorg B)is 64d via the

conne%tﬂ)% @%{Dﬁn 4&1? 5?3]5 Fﬁgﬁ?b )]blrl? g JXE §1 ?Xt?tt %pr%l\%lgesh 662 (8) which
is proﬂﬁrgdpn&he mmamhenrlhaqirarea(eﬂ) excm'p;lludgeSs dedbntioseds d?he low quality
penne\é%:fqigf H@ a‘ﬁlrlgﬁ%t?qerg%egqog% tﬁ'lp g@é z@& %q%&al:l? }nltcl;] gle ?\/IB& system (1)

vunh@&ngtF”onlng the sludge, i.e. breaking and di spersing
the sludge fromthe. The MBD (4) conprises a .
[034] subrieroge dispashiof alrreinveytianh theuptistrodiment ssagter (3) seofriprisesr @ dlisperser

o 5o ! e S S A B vt o

conditioning the sludge, i.e. breaking and dispersing the sludge from the. The MBD (4)
comprises a submerged membrane (5) through which water is filtered which is then fed back into
the MBR (1) via the outlet (9).



9 [035] Also disclosed in Figure 1 is the el enent
bal anci ng reactor (6) which can also be conprised in
W0 b@sappar at us of the present invention. The uBREI/8G20011@00410
el enent bal ancing reactor (6) is optional. The
el ement bal anci ng reactor allows renoving of heavy
metals fromthe sludge of £he MBD (5) if necessary.
In a non-limting exanple, about 1/300 x of the
wor e
[035] di sé lg(? Sféglo . onolfl el%lﬁ/lth@Ezt oé:ﬁtl%t bgﬁn&ﬁ%ﬁ&ﬁtofg%mh can also be
compifieet am theragparatesicf e p(eyntiisvehaeh. bt lus¢ bicthe Elenhgnt Hatanoing neactor (6)

s o0, S0 WGBSR 0o ) 5 ST by e st o

- the MBI @) iChebdsed] i & pafi-ditdiiy &faniphs abaavy3o0nebaths wdrkii volume of
the sludge fed into the el ement balanC|n react or (62

the MBRde.getfhl) Renflyy svas diseharged fem theMRR) iptoghe I%/E"ﬁbeelp}nev balancing
[

e 19, PR 6l 2B (1 i 9 8288 g o

heavyfmctnhStlh ghe NBdEe( Qﬂ.)hetMBQ enenthiglal Afei crhgmncelh(stparat]@ﬁ@f the heavy

via t on, (2 t he ). This. . .
metay bELRE AOARTES et e Ppmninanie’ (S JehBpingsudse is fe
back lmoxwmmmma\mé &donk@icayspended sol i ds/ mi xed |iquor

spended solids is below 0.5 or upon_deteriaratign of
[036] TOCIP EHovdl carbersegm thap figfly, @m?damra@ﬁ bipsludge is wangferred from the

MBD |(2 Bue relen%ﬁ@ ‘BQIanﬁ'Q réEfof €] | v‘ﬁ 'tlﬁ:ncdnﬁec%gg ?TG.I )I éﬂlhothé Bﬁmp (14). This

enent bal anci ng react or di sso
’ transfeprrtdqfeg ahice where for gxampla ﬂg:)rat;qmquundé llqmrwolamﬁdsuqﬁend@i splids/mixed

sol uti,o a e, us for thi u S ew_ex S
hquorf suspeél(c:l? L ggl V%U]IS g)e%oew ’or ﬁﬁ%ﬁte?‘ ﬁﬁlﬁ% of fﬁ?{: d’emgvrﬁ ”J% }%gh metal

conceﬂ:t&ﬂhbhl ih ugiged diquérs Semmdu aii adid @ilitioaris Qfdﬂéd fifto Glic blBinbetEbalancing

e he bi osl ge (organi c sl ydge) . .and
reactog (0TS distien e © HASBARAh a‘eyotﬁﬁtai%h BTPQURES- I NG Pﬁa@@)wlutwn can
be usdd' RPHIAAGRPOLI N fev OxHidles fob@cid?vRuldgd BIdISH t&aﬂ{NéEdThlrd a
with base solution to pH 7 and transferred back to t

centrifygpion2is copdugtadheither offiae f dnine2®) scparte: the biesludge (arBynic sludge)
and liéllﬁ{i ﬁgv;{ﬁ tsgﬁlﬂe%&%gﬁé'cgﬁlp%@dfst %b{%@ﬁ Sy ejjh"o n%dcﬁ oﬁga ﬂ)urth the

ine~or in t sol ub
biosluil grois g}alllt'rahzed)wpb bagssotutiop kepH [7i dndttfan!;fbleed hsmtk gtathe(MBD (2 1) via the

conne P G e L RS 0he  st, e

offlind 6f indinb2®eths Alquid @ith\Wolbit M6rgdaGHtompowhds, toaprempltate the inorganic
centrlfugatlon is conducted to separate the |

id
compoyrds Byiag Fandasd @rqtmhglgwwex iadhpatindsy kimdrefihaye sqlpon can be used.
" One e:?a%lﬁé ﬁJr%cﬂ)agé s%}ut uld @Jﬁé(@l"{rﬁgthbgg& fug BI (;gn"d)ac gd to separate

preC|p|tate i nor gani ¢ conpounds spose
the hq@hbmdqabmpltm gargaoic wmpdymis. Fiaalty, tha sqpaelte:dslpgyut is ttahsferred back

h tlet f L .
to M2 2P WS Patimiey iiraie Simptiesoie ieotiene (Hmpel jrorgani
sludgd. s characteristic for the wastewater used in the

apparatus of -the present invention that through human
[037] act TR PRS EBccbe EBRRIOWHEL A REtheF OWlet far apmavipgheayy metafs separated

from tROQSBRYrMSMBH. t rogen WO 2008/ 066497 PCT/ SG2007/ 000410

[038] It is characteristic for the wastewater used in the apparatus of the present invention’

that through human activities excessive amounts of nutrients (primarily phosphorous, nitrogen



10 and carbon) are conprised in this wastewater. One
of the key nutrients, nitrogen is often introduced
wemensi4yel y to the environnment through untreap@mdsG2007/000410

wast ewater. [039] High Ievels of nitrogen can result

i n eutrophication of rece|V|ng maters which is

characterized by excessive W oons" of al gae (e.qg.

phytopl ankt on) pronoted by these nutrients changed

u I :

and cg%gﬁ)r f“% ggﬂéﬁrée%;{g gﬁﬁe\gésgeﬁééaé&o?ﬁgg?fi @g kS, Rugl écmtrogen is often
mtrodBMCdxeessﬂeig} tcsﬂrereehmmsenatheodghunh&ehthywmma of _

rott ae. reve t hese caonditions,
10391 g8 e el 8 nifoech E0% vl if SGoRswgR Sy BT HEE A which is
charaddéiAa by RbestiQt ablobink” @ﬂﬁ@aet @% Shﬁﬁpﬂaﬁ’l&oﬁy srohefed sy théseMutrients
wast ewat er treat nent p ants To renopve anmbni a
changeh watep gualityi Thesgyalgalftlenmsnlgd ttfewg@n (deplgteneandadipappgarance of native
fish s@cféﬁ N a%;ﬁ’és %ﬁ%&%{égr?ég aﬁj@fo?l%etg % ?féygttfdghéltlrﬁ%% %ae. To prevent
these s<breip11q:m|s,omms Junsdmmmstlsavanmeﬂ o rdgtllatenuhe fairio@sts afidotal nitrogen that

nitrates.  Firstl njtrif bacteria (N trosononas)
mayb\ﬁndPng f&?‘?évaﬁtﬁéatﬁﬁwglgé’% YSconvert it to nitrite.

[040] Seccl‘mxleﬂwv@@ﬁ}ﬂ%ﬁfa Aansal Birogdnt frdrh Y R@waRE HAkieAa ia bioreactor are
t andem (lNltrobacter) will then oxidize the nitrite and
used ©osliearately mitrify pnd depiwify dinwaten Pering INitdleatien”, § fvapsfem process
S i Coars )
converct%“e/a?rrﬁ%%ﬁn% ?]-{&8| Ig{rlr:téesl Eﬁ(f %}c}{a?ég g&%?)? Eﬁm@lﬂgaﬁ{c&ga (Nitrosomonas) will
oxidizZtdha mhmomaczmtllooann mltd) natie. Secondily;/mdﬂmd @msamﬁmmfanglbdctena in

randery (yi@heRe SRy fhen i e i Rapd o i Cdir e i A igpon oceurs

in botMkteps oftRe ﬁaﬁﬁﬁdoﬁ ProB&Ls, iilae@Bid @ireiiradt s @fuisddch
‘ bacteria. N trogen gas, an inert gas will be produced

[041] a5 dPvringr Crpttifiationy, pifatenis epmverted jt@ramamenia and nitrogen gas by

demn—ﬂ‘ﬁﬂg tb%étgﬁé: @V}ﬂcﬁ '?erﬁ&@egﬁxg%&? ﬁ%ﬂﬁﬂla Shtee. I-i'a%e%el‘mah lanoxic condltlon will
t he ore - reduce t t ot al nltrogen evel i n the

be neegad teenroarage [l@éﬁq)wﬂhmf isnch mtweantmgam gti, oh ogitcgab will be produced

as en(f oélrl%?/&c gﬁF Flngtmglg:( r%))n %%%I%?ﬂrﬁcat QIL setgg :%er? c%r%rngPed This will therefore

reducdlihk Rﬁﬁl&ﬁtr@ﬁ'&:hdchreafn&ha{’vss}exhﬁaar dous to t he nat ur al

01 R B B S L A B S s o

only FetdINaEdze AGEMRE FREES -ankl %@teSTQEICEWﬂ% UazadiRls tt(r' ﬁle natural
met hod of the present invention are designed to all

envirogfrfent Skaye gromith of the aurifyéng besteie lso dimitgdhn Qfﬁplﬁn@aqfutb%conventlonal
take place in the subnerged nenbrane -
acuvagﬂ'?%ﬁ@é?%%ér eactor system (MBR). It is possible to

[043] car rliheapparhﬂue sl tht eeshddrofahespraghheiny edtlonMBiRdesggned enalksy efficient

: revi ousl ed in JP 6-181645 in which
nitrifi np@rfﬁawl?ﬁ a%nﬁ*a 1cation. Thesg,gteps @k d’:‘*FFo‘H flﬁ Sybmerged, membrane

blologi’cfa‘l)‘1‘(’:a@ﬁ)‘iI S s{tQﬂ‘tMBlﬂ -4 Hb6ible 48 Shity Q@tsthasesététgﬂ a4 ﬁﬁ@‘le tank MBR

nmbr ane bi oreactor for treating nitrogen

by
syster@lﬂSepmtouﬁg deseritisiicina ARl GuhBMGHE iwomitiohi iesnasipg aerobic and anoxic
Acondlﬁﬁglﬁlfél')éé? deeal r supply off and on. In one aspect,
an ar enp P

was nade to continue to perneate effl uent
[044]t hr dBgs 18 1o 5 ndesdribas assinfle tang thérabrane bioteactor for treating nitrogen by
alternating aerobic and anoxic conditions by regulating the air supply off and on. In one aspect,

an attempt was made to continue to permeate effluent through the membranes during the anoxic



WO 2008/ 066497 PCT/ S&007/ 000410 11 phase. Each
anoxi ¢ phase was started with a mninmum | evel of m xed
WO 806640 t he bi oreactor and the | evel of ni REHSG2007/000410

liquor was allowed to rise to a maxi mum |l evel by the

end of the anoxic phase so ,that a reduced anount of

perneate coul d be wi t hdr awn! Hur i ng the anoxi c phase.

[045] In another node of operation disclosed in JP
phase. ot AT P St SRR iRl R 1R P AP ractor and
the leved of mixeBdigneavasoalloped cagbe totahmaxiamiorleved by weesendtod pigeahoxic phase

t the beqgi nni of the,anoxi.c, phase.b resuned after
so thaf¥ geceg AT QA ABPRFELOTI T4 SPGBV RETRLs BRSPS
[045] bi ONgagbBEr mod4@f dpBraio®idielos@B RETE GOfS16ME RER/BAMas again used
i nvention, a subnerged nenbrane bi ol ogi cal reactor

duringsapsaerabiq iyt and theg sfowpecle alpwranapexis ghase 42 begin. Permeation through
t . | oo SR . -

e mfRAL VBNl 15 BB ol SO RATI Sl g o miced

liquordwad setllet toftlor bottmst efitbt Bioreactdr.i s in fl ui d comruni cati on

46 G0 TR TR B e gl resco

systen?(MBR)) iy’ ¢dnigitd 6NthesdcRpara@ll @BmParGRHN inl Déifgle uait FEAVMing mixed

) conpartnent allows denitrification under anoxic

liquor e beiireateshavhgisin is in fluid communication with the

o 4 Bi'sli %o&sgg&ﬂé TR0 lan 1%9 forawéslpéw;a rca?lﬁngriﬁ Rl c n%ﬁlgétm with the
aerobrc conditions, conprises the subnerged nenbrane
feearidn gomparaniddt.e twhetvirc lthe dirstasespaenene adllowsassedal of carboneous
t hrough the.nenbrane, and,the third conpartment is in
RO A GBSOy DI OBREPP Rt et 1 eact o

o 4 Q&bhd Thenpahierlt GRSPAIMENRITCafbS And@ MRk RE Sorfitidt 4L is in fluid
to feed sludge from the third conpartnent back into
comsnyriation aiihe third sempartment; andedi ng the new sewage or

+ IR AR b % PP ATRAHRY e il embrane

 Keoingaai outtednpideln del}asen petnpaenmises thidugh fthe atdnthraref ahdehe third

wast ewat er , é\hi | e the secon crgn?art ment is an anoxic
OFPREBENt i LHd SPRBRBICAESRYLR BSPTGHepTRnEIAFPT at e

[047] ( demihk thirl C@npaftinent 1aBH sty afe| @Bt YRUEI, sludge from. the third
(perneate) is continuously withdrawn fromthe Tast

compasraphbacke o the fing reopipartEeintor gedeading hgneewrseiiags orgyastewater

enteﬁr%ﬂ{gggstk%&aq{&gn@ed back to the begi nning of the MBR
0Cess. e |

excess sludge is, as described above,
[048] f ed Tihatfostt deeotic edmpatmmnts fozaemoving o BOD/CO fmEHee compounds)

aspect, .t.he. present invention refers .to a process for.
and bR g P oy Dy B sioRe s@mBrRp Rl T fabivic eactor
whichi AM6&B trérREval \6h @ftBic/hifrate (RnREESKioaR w%iée geslity cleaf Hatg (permeate) is

~wastewater to be treated into the ]
continuously withdrawn from the last compartment, an aerobic submerged membrane module_

and sludge is returned back to the beginning of the MBR process.' The excess sludge is, as
described above, fed into the pretreatment reactor.

[049] In another aspect, the present invention refers to a process for cleaning wastewater
using an apparatus of the present invention, wherein the process comprises:

o feeding wastewater to be treated into the MBR;

o feéding excess sludge from the MBR into the MBD;



feedi ng excess sludge fromthe MBR into the MBD, WO
2008/ 066497 PCT/ SG2007/ 000410 12 dispersing the

W@ 8966481 udge in the MBD to obtain di spersed BCUSGE07/000410
providing a greater surface than the sludge which was -
fed fromthe MBR into the I\/BD f eedi ng perneate
passed through the menbrane %f the MBD back into the
MBR; rel easi ng per neat e passed through the rrerrbr ane

f the R;. .and e ced
Foastyos NsrseRen AR M SRR AR i tipg g areser
s@fabothah tetshripe ohivhrwAded fromfteeMBRIinexhe B3] udge from :
the MBR into a pretreatnment reactor; dispersing the

* fopding 96@1@9@@@5% throghihe membrane of thedBP dack mipfthe MBR;

%@ﬁe eat ment

* Iezeggfl g?el n?te%a s@&%@%ﬁ%hgﬁﬁpﬁaﬁgﬁﬁo er aSJpncrgct of the

) tkldaslﬁgltozmv&lntedm,thdIhlBr,excess sl udge produced in the
IS fedlntotg] el enent balanC|n or for

[050]y end{}.aﬂﬁhﬁééwplfr@f ePIESERIYFREOR, thRiFpE aﬁgnT I GHRRTISFE

o det ai | ed
ﬁh %%gegs%%g?gr%tl ﬁﬁé%#‘ﬁ%’?%é&?étﬁ%ggﬁf@ set-up of a

. diE}Férsmg)thip mx&ssngud;g\m theel prétegakisent nsicwedndf one tank
cordin pne, as ect of the present |nvent| on. The

Cc
. %F@péga eﬁse g@ﬂ%ﬁ@% the petesatpgn geagior inte s MB
[051]C onﬁﬂraﬁﬁﬁatép&y oPaEir&ent iflA&iibh, (AL efc%gg’s@ﬁdg@"f)%ducécﬁm the MBD is
naned the chem cal oxygen demand (COD) renbval tank
fed infeG@Delemait)balangid}; reative faraemaving begvyandtate fromi the pludgackhndhigthen fed
backm{o 9 renmoval tank (N-tank) (130) and the third
conpartnent is naned the nmenbrane filtration tank
[052] ( |VB ng.ﬁk)df sﬁdv@@) deﬂaﬂed)fbhemﬁﬁcsﬂlbéremaldﬁﬁﬂhﬁg atpbsxilﬂe sandpsof a MBR
ai gvol sofafg élandl
comp‘i‘%%% ECET éﬂﬂg {f SRe (s actarding tp ong Pﬂ?ﬁcﬁgﬁthﬁ (PresfRt invention.
The b%ctotr @J‘&tpﬁr:h?eg)m@ﬁﬂreta mﬁ‘fé\{gﬁtc@%alﬁﬂiéﬁl by DBE1e XPHE st compaltment

level in the COD-tank is e or nore than about

is nameg the chigmicsk pyEgen| daprandi (ﬁ?Q rewsyﬁlaﬁnk i(§OByiaak) 6120)76?}@ second
comp%%t q?ﬂ&rﬁ?cﬂ‘téé I%?&téaeﬂkr 1?%4%) - ok OQI bﬁg’ncpﬁp thitd & m anment is

anad de m xi ng
named the mnlaariedﬁtraﬁimt tanls (V33- th:sk)i(il@ﬂ)eln ang pbkﬁeblh/%(&mm‘lk tbds& @@nks have
ditio

to fl
workip® SRS 8161, AR 1T BBec Sl R Bo LT 18 SLbpBIRT e coD-
tank (Il B@)emn ﬁlé VIB-tArkW( 140}, EMgi dxyz &t leRtl MNthé Iﬁﬂ)-taﬂksls RE@ali otaflore than
for the NNtank (130) to stimulate anoxic cqnditions

about;2 gg/lk dbp oesxgﬁglemleWeqheB\éBdwl@ssequﬁbm mgFe Hap apgpy | I’s mg/l. The
aerat1§i [}Ce WWH&QIQ(? a&xﬁ%é\W&%kqm)alsb%rbﬂa@ﬁ)m&é &Mite tBE acration

over head m xer used to provide t
intensgtyris hrghou & ﬁneMBgtamln(télﬁlé toNgemankte (hJQ@) crqsxsﬂovaen@prqyrr@ additional

scoungg e %}%m&ga?le I(“Ifg d e? {1(;70? ﬁog}%rgﬁcfsé?fﬁglg?gi. ef% S f [ %{py 3 ation (162)
is proVidedifoz theali-tidke(13M)ab istiubite AR c@ﬁ&iﬁaﬁi Herlteelﬂ dtiﬁgen 18R] below 0.5
mg/1 (prffpo% m_gﬁl rSmfcelz gg\rgt?gnegl tthg I\}-ggk%ll?fof) liIsS Sx?e?’rngt%ag% anlo%gr’hea:lld6§1)1xer (164) is
used to provide the continuous mixing in the N-tank (130). All aerations can be supplied by
compréssed air or oxygen from an air blower (102) to the diffuser (161, 162, 163) located at the
bottom of each compartment (120, 130, 140). Air flowrates to the diffusers (161, 162, 163) in the
individual compartments (120, 130, 140) can be measured using the valves (108, 109, 110) and

digital air flowmeters (115).



i ndi vi dual conpartnents (120, 130, 140) can be

nmeasured using the valves (108, 109, 110) and digital
WQ@Reshb@omet ers (115). WD 2008/ 066497 PCT/ S&0B7T/8GB4 /000410

13 [053] An ultrasonic |evel sensor (107) is used to

control the water level in the MB-tank (140) in order

to assure that the water leb®l in the MB-tank (140) is

mai ntai ned at a constant total vol urre in the nodul e.

051" S SRERAEAEN gy 0 Ml DS TOUPLABeil -

(140) dedsrelext tb assued thhtahevaleeleetl], in tHeeMBamsofl 4())h@ ?I)amalhéd &i agmad;tant total

ble Io troll PLC '
voluriéy thePHOR: TR CEY ' SPare it YrmbEEEbr i) O o MB-tank
(140) Qf‘e cBﬁﬁlndoBH? stitiBerMBRRUPbA dtB&ioh &F o viddt M ef, H:ensdr @ﬁﬁ% will signal via

tially, wastewater is fed froma wast ewat er - hol di ng
a proar@mmabln dogie henre)les (HLE) unis forsbpinlueht purap {HA) tosiereend wastewater

: ): c ted sludge is filled in
wmb%%e]dmtggﬁn@part rrv;r%?% %%%n@ @B@at o initiate biological
[054] pr odesially, TWasevadierdig efed dronbe wadt¢voaerchelding aank arotshewn) into the
stemor fromthe present MBR system.b
coD Y35 ohstfopn (e ABf FRrimd T Y50 st Hied in the
compthé&is b tHe%BlRaﬁ)knﬁtﬁteobffogﬁl% &Rk Thib2dg¥ic@n tbQQntroduced from
r i

connecting tube (180) omFigure 4 it can be seen

anoth«trrMBRt fyetepaert fsana tleer present MBR Ryséng Ry unag cludge ardugerbigione of the
|
anks LR P10 ) WS 0 BP0 PRoncrtog e 150

From IRigur¢ Heit Natt dalsednl BB thai wastweser asndedn 'thrdslighet:he eﬁ(ﬁ)nmku(d 20), where

i S350 e S, S e SRS e A i 120,

the NOMAX f(130M MigatbN b tnlifitehBrd aedacéd 48 hnitroeR ! fis RREE aﬁdx&tﬂ conditions.
wll take place. If not by £a53| ve overfl ow ng,

Afterwagds, dhe trspted Jrasteraiek. ier auixed ligeor isqypyflowing antg dh%é/IB -tank (140)
{
wherea;%‘if%gﬁio}ﬁ ]ﬁ '}B%dp]%c%) ffaﬁr?g By ??gfgv) (@F}Sﬂdg}in#?é@ ?r%rﬁ’éi{fgﬁ gach tank (120,
130, 140 wheals¢ b ativakyeupipad eto the nextgadelyt wsengyfunmpisd 1 MB, {142k (113) and
(114)(140) to ensure naximum contact with the coarse air
‘bubbl es to alleviate the fouling phenonmenon conmonly
[055] enc Olhtreetitaid mbdides @A) radlacedlin Ghe cehtraofMBRMB -k (140) to ensure

. menbrane npdul es are subngr ged xed
maximyry ¢gptagt pith ﬁtﬁ ‘F%fﬁ&lamk'ﬁl%ﬁé t‘R/gﬁF‘élﬁtR t’(la &%ﬁms Pheipopgpen commonly
'encouh@péd @&heamémsﬁgeé @ve) ofabOBR. tihe méﬁﬁﬁﬁﬂe@ﬁ@dﬂf&‘j&% ﬁe?pt submerged in

by a | evel sensor (107) controlling the feed
the mpqgﬁh}lqu_q_@)d the lexgl i the MBvignket14P) tsralwhxs kept aha fixed level above the

memb?ﬁ{gpr%s%dﬂﬁsen%é);ﬁpg lé’%%llg}%%&s(n g? )gcéotn;egé ﬁm% h['E__éE el gllu&-x’?) @g_p tgeadd feed

water (ffoni\/Hlets;ecxmdarmdlpaameﬂita(\mO)aas etéseayi Ve ﬂnmeamtszué cexfamﬁh fembranes

(70 Pl 325 Bl SRS T EIR LS L D 22 0

The sBfRASaréLbf LA rﬁ@ﬁﬁ}ﬁ@q@oﬁHQhépﬁeSO bbzs dEPEBAENS, SRert fife sizes and
- specific application and the nature of the wast ewat er
surface @geap fardhg mempragp are possible depending on the specific application and the nature

of the wastewater fed into the plant.

[056] The hydraulic retention time of each compartment makes up the total hydraulic
retention time (HRT). Dissolved oxygen (DO) and pH are measured using online DO and pH
' ‘probes (164, 105, 106). A suction pump or vacuum pump (both 103) can be used to obtain the



[056] The hydraulic retention tinme of each conpartnent
makes up the total hydraulic retention tinme (HRT).
whr@sobserd oxygen (DO and pH are neasured usiPQI/SGR007@00410
DO and pH probes (104, 105, 106). A suction punp or
vacuum punp (both 103) can be used to obtain the WO
2008/ 066497 PCT/ SG2007/ 00044 14 nenbrane (170)
~filtered perneate The HRT of the systen1|s controll ed
memb%%mg}((?\a(ppfelgerrrgf ? e%te he ITI Eff Zf?/tﬁ{: Egs]teglai o%grllgrnﬁed ?% € Speerm]@ate flux.
The sydi€m dmmmﬁemdiablavasﬁﬁnfpl @0t slicden) oL tHEElmktﬁveﬂlm.gSpH@e of the
digita] fl ters with signal edback to
membygps medlfs E@%mequr%%aﬁuée léslwﬁw? WIRS T Wétﬁcﬂg@l?lt fgpdback to
the PIEUf eﬁx%‘%faﬁsﬁ%ﬁﬁﬂe }?fék&lpe {sm&k&ed vy RREAI egﬁrec' b\gﬂi@i‘ whlch is also
f eedback. he excess sludge fromt R (99)
equippeddvithnsignal dbﬁC&t reat ment reactor (3 20) VI a the
. con ct| n h 2 n
[057] sl u e.xgesg: (%1%1%%? ﬁg%l et € E/II nﬂ#l{?eé) ptr?azé tn}tea e n%reﬁ % 19( rgac‘l:o?g§ 20) via
the cd&ﬁi}actﬁiﬁd(l\m lahd hie lpﬁﬁn&e@ﬂ M Boshingr e)fchC§1ﬁdlg‘a:disV¢<ﬂldﬂioned in the
bacteri a, or ex uency of

pretre%xem_{facé (gélﬁﬁl okl Eghroégﬁlggclt {;gayeogocfgn ual acteria, for example

by SOMQE %‘5 mehﬁbnc Be20 eengid 4 QARG sk H&Eﬁ bo. ‘iB Wil eShbiseu@ntly, the
via the connection % and the punp

condl'éca@i sluﬁ9¢ lscbmeétlewrtb«rm (bf21p Wgﬂsthc eomﬁtﬁmuﬂd)s alid thmpump (28)
for cqmda?etg Ii‘gr%l r\?arfl gg)%'8|n§ & progrrlrc]ist ﬁ'% £l f:&)re e‘z?i% é S}rl:led Sl}l Itl>(e Mélﬂ? 4, 21).
Lastly2 Zje mfw QMtWBE)rr(eéte 2dmn thes filtehtive miemtbrivgc(s, 20 of tHeeMBBR(4 21) is

eSS0 e ALY Lt (8 200 S BUTR e
polishid} REGE bEiAR disChRFRIN in RRIRACEIBRektMahoihg tictod &, 28 P&hnMR activated

activated once the accunufatlon of |norgan|c conpound
once the agepmulation hél%@n{cxommuqd ocPws @} the MBRE*Adanpl e, the

appar g u pres vent | Ry
058] S s 2 epdile RS SBre R 0 sl S B! RiYwith diary
wastepates émbne enaerpld tha apgesatheo the pﬂesemmveWanHWasf fied mithtwestewater from

e STRBREP Sl VGRS PECERL 850 B vess o e

industials ixR¥@iveter Rfd¢ @hd MR alnicARiMBAE apparktn® oFPPArFPEstnt @lvention. The
the present invention. The  characteristics of the

charagtefestigt oh the IngBFighBASTValFS Bepd et ndablerd - Tabl ¢ 1.
[059] Table |I: characteristics of the industria
wast ewat er Conponent Concentration COD (ng/1) 1000
[059] Sol ublhb@cbmqe)rlsﬁqsof tﬁamduguiadmsmt(rng/ 1) 456

T

Componen organic—carbon—{T60) ('C"{)ncéntraﬁon Sotubie—FEC-209
COD (mg/1) 1000

Soluble COD (mg/1) : ' 543

Particulate COD (mg/l) 1456

Total organic carbon (TOC) (mg/1) 334

Soluble TOC | © 1209

Total nitrogen (TN) (mg/1) 10

Total phosphorus (TP) (mg/1) 1.35

pH ‘ 7.0-75




Total nitrogen (TN) (ng/1l) 10 Total phosphorus (TP)
(mg/1) 1.35 pH 7.0-7.5 WD 2008/ 066497

w8907/ 000410 15 Suspended solids (SS) (Pgr/8¢2000000410
Vol ati |l e suspended solids (VSS) (ng/1l) 197 [060] After
120 days of operation, thewigncentrati on of m xed
l'i quor suspended solids S) stabilizes at an
appr oxi mat el y val ue of 12,000 rrg/l The tabl e bell ows

S 3 Z IH characteri st ﬁ)@ of the feedwater—and
usPe, ﬁéeglsgg!rirr@%t)g g/I'—)eedwater Perneate COD (np/1) 1000 >10

Volatfl’ﬁﬁs]ﬁeflﬂéd.$olfﬂ3(lVSS§) (mpdp bi di ty IONTU) 330 >0. 15 Tot al

N ’)n 026 I''ne11 Thll(“ thn NP cvyct Am

N trnnnn faaal
N oGttt \lly ™ A" LR -=t> B EACAC =y | oS e ivDIt—Sy St Cit

denonstrates strong ability to effectively renove

[060] Ccar bom a0 dafdlof BH#EtdnOhel dbnbdiRraRS DEALLd IfqudP s&pended solids
than 99% The reactor is also very effective 1n

(MLSSEpiabiliras abiap eperenimesely gelag ohil, 9%@8/11 Eheetablerbeflpws summarizes the

0.25.ng/ | which
BRSO W | ) e

fed with biosludge and opfeaiwattrwi t h a hyParfighteC
recen i)t mre of 10 daysoend the ai mof>ppnpl ete
s‘@@e(n{gggentl on. Tn onelexanple, the tanpkzhas a

lhﬂb ty of 1O §§(§ but—has a t 6“15 voiume of
2 )Tafa ﬁltro VV||E | ﬁl | ﬁ(ih“ﬁ”l l d.l”\ | S U Q;lzs | || l ||| )
exatpre the red oXygen \m\ concentratton—in

t he reactor vvas kept at above 3 ng/l, which designed

[061]t O pr ohugl Gth@m|s9st§19rﬂihiohﬁfhtesﬂ'th%ngﬁmﬁ}aﬂﬁ&fé&lbél? r@tﬁﬂvc carbon -
be used are of ceramc materials and mcroporous.ty

when \GGQIP, reducien g the\nsrmpente issmeke han §9%. Fhe resstor iy ele@]verv'h%ffectwe in
remom%%ltﬂdg&easl fﬁg el 1dvBeint tgggeﬁrféﬁ{ehﬁow b tﬁanlé 2K Shg/l which is

|crreer per ereis conple
even@llomglednekmgwammtandarﬂm system whi ch nmeans no sl udge

IS wa t urpgses th
1062] porpunt EABUE RS el Bl i R F tpnigggime of 10
days dnf thid¥im of ¥6inplete shidge Ifet&lﬁibndﬁly&le(éf(axﬁ;ﬂe rthé ta@k had i'@orking volume of
.concentration of in the MBD stabilizes at an
10 liters, Bptchas gedptal yolyme Eft 2B liters, whemp nprpratreatiat RbiSYS el this example,

the disleVRA 8k ¥_h €BOF E&&@&r:ﬁgh lih Hﬁé r&&tcﬁfv&fa@ ﬁ&ﬂt\éﬁﬁ%ve B Qﬁ@y Shich designed
organi ¢ conpounds in the biosludge as 99% of

to provifecagiabiy emgiionc Tho mm!m@es vhidhecanieotsed, @gﬂeofr@sarmeematenals and
mxcro@%%ﬁ%&ﬁ?gﬂﬁg_ R A0E WO el 0. hickdhQr 9ani ¢ conmpounds

[063] The biosludge loading of the feed in the MBD is 0.15 kg MLSS per cubic meter
per day. There is complete sludge retention in the system which means no sludge is wasted
except for testing purposes that only amount to a very small percentage of the total sludge in the
system. After 120 days of operation, the concentration of MLSS in the MBD stabilizes at an
approximately value of 15,000 mg/l. The MBD system demonstrates strong ability to effectively
remove organic compounds in the biosludge as 99% of the incoming organic compound in the

biosludge has been degraded and no accumulation of inorganic compounds can be found.




WD 2008/ 066497 PCT/ S&007/ 000410 16 List of
reference signs: 1, 99 MBR system 2, 170 Filtration
woreesiede’ in the MBR 3, 20 Pretreatnent reactBPCT/8GAN7/000410
MBD 5, 22 Filtration nmenbrane in the MBD 6, 23
El ement bal ancing reactor 7 tlet of filtration
menbr ane of MBR system 8 Ol et for rel easi ng gas 9
Qutlet of filtration nenbrane of MBD 11 Feedi ng pi pe,
‘ot ol j MBR 12 Feeding pipe, inlet into el enent
LIStOEg%f%%%%eﬁggg?'eactor 13 Feeding pipe into MBD from
1,99 el enent bal MBR sygtemeact or 14, 15, 27, 28 Feedi ng punp
4 Feeding pipe fromMBD.tg t el enent bal anci ng
2, 17(feact or 25 E‘itgagﬂoﬂgleﬁfbﬁglef‘?%}ﬁl{]ﬁg el enent bal anci ng
3,20reactor to plegedBbht réeRtorl03 Suction punp or vacuum
- punp 102 Air bl ower 104, 105, 106 DO and pH probes 107
4,21 U trasonic MBR| sensor 108, 109, 110 Val ves 110
Feedi ng pu T 12, 113, 114 Feedi ng
522 punp 115 Dngillt%%lon O\k#rég{tggrrlggegg])lmem cal oxygen (CQOD)
6,23 renoval t anklemeéf(bahntinggeatorenoval tank 140 Menbrane

T (aitiuser) R ehibERemppREr AR AR P lser) 1606

8 Over head ni @gflet for releasing gas

9 Outlet of filtration membrane of MBD
11 Feeding pipe, inlet into MBR
12 Feeding pipe, inlet into element balancing reactor
13 \ | Feeding pipe into MBD from element balancing reactor
- 14, 15,27, 28 Feeding pump

24 Feeding pipe from MBD to the element balancing reactor
25 ' Feeding pipe from the element balancing reactor to the MBD
29,103 Suction pump or vacuum pump

102 Air blower

104, 105, 106 DO and pH probes

107 Ultrasonic level sensor

108,109, 110 Valves

110 Feeding pump for COD tank

111,112,113,114  Feeding pump

115 - Digital flowmeters

120 Chemical oxygen (COD) removal tank

130 Nitrogen removal tank
140 Membrane filtration tank (MB-tank) |

161, 163 ~ Aeration (diffuser)

162 Low intensity aeration (diffuser)

164 - ~ Overhead mixer

180 : Feeding pipe from MBR tanks



180 Feedi ng pipe from MBR tanks WO 2008/ 066497
PCT/ S&007/ 000410 17 CLAIMS An apparatus for

W@ L@ansdg7 of wast ewat er conprising: a subner gedr/sG2007/000410
menbr ane bi ol ogi cal reactor system (MBR); and a

. subnerged nmenbrane nodul e (MBD); wherein said MBR is
in fluid communication with said MBD for feeding
excess sludge fromsaid MBRto said MBD, and wherein
said MBR conprises an out¢egArmghi ch rel eases perneate
passed through the nmenbrane of said MBR, and said
MBDis in fluid communication with said MBR for

f eed] %q,ga ] nbrane of said
1'I\/BD'ABISI I nto sal%ﬁ@ S%%%E%Jr;}}léesn in outlet for

rel easi ng sybimerg2d membraap pivlagicsd raacwoosybteng (MBRE|aad m 1,

further co ising a pretreatnent reactor, wherein

sai d® pr etarsgglf‘ﬁ‘@ﬁ‘i mepheang madelei(NMBPYi o communi cati on

W t hysadid MBR and with said MBD; whereby said excess

sludge is fed fromsaid MBRinto said pretreatnent

react or ismdviiBRhissaifbhidzaemenisitictgeith saidiMBBr foe deedinghexcess

a di rser  housed in.said pretreatnen ct or
s o i NEEls st Btehy o ey s M) 0 8ri<t S vt
appayiatiifelaass Pethdag: faascaltioizhlthe nebrieesTahia NMBR d
subner ged nenbrane biol ogical reactor system (I\/BR) i s
corrpﬂnFised of three separated conpartnents, wherein
firsd compANEBL if\ifid2BmhiihRhodihidask Sk 3br t%goqn%@emeate
in fluid comuni ca W sai d secon
wherpabsed threugdh the tnembrqma tof sad MBI thtormmMBIR ankl comprises an
car bonac ounds and nitrification under aerobic
condf'f Ereeaﬁmgg?:sond conpartnent al | ows
denitrification under anoxic conditions and is in
fluid conmuni cation with said third conpartnent; and

2.a t hecrppamparacesding ip slaie hofugtherowsimprisngos pregigament reactor,

CoTRSEF iy S PP R A S o

PCT /@@@ﬁd/MBD;l&ﬂlereby s_a1d excess sludge is fed from said MBR into said

pretreatment reactor in which said excess sludge is dispersed with a disperser

housed in said pretreatment reactor and is fed into said MBD after dispersing.

3. The apparatus according to claim 1 or 2, wherein said submerged membr~ane
biologiéal reactor system (MBR) is comprised of three separated compartments,
wherein
. a first compartment has an inlet for wastewater and is in ﬂuid
communication with said second compartment, wherein the first compartment
allows removal of carbonaceous compounds and nitrification under aerobic
conditions;

. a second compartment allows denitrification under anoxic conditions and
is in fluid communication with said third compartment; and
° a third compartment providing aerobic conditions, comprises said

submerged membrane having an outlet which releases permeate passed through



18 said nenbrane, and said third conpartment is in
fluid conmmuni cation with said MBD or said

wWeer@sloeddhent reactor. 4. The apparatus accor dPE@ESG207/000410
any of the preceding clains, further conprising an
el ement bal anci ng reactor (EBR) for renoving heavy
metals from sludge circulating in said MBD, wherein
sald EBR provides an inlet through which it is fed

ohi GR35 i it Bt MG R A Um0l S%“d

|ntdABEumsmBDnm§MnEmemagparatus according to claim4,
wherein said EBR provides a further outlet for
renmovi ng said heavy netals separated from said sl udge

4.0f  SpHedpPdphdus Socorlin; BRARbIHY Preacdifg Claitgs, fidtheNyortrising
claims 2 to 5, wherein said disperser in said
pr eter eat #erlemens dralancing rsegterc fFeng)r Fospremie¥ingr kpayy metals from
con ' - r and an ultrasonic
traﬁhﬁgéa%?ﬂ%m§$%ggg%%§$atus according to any of the
pr eovﬂtérdmg said EBiRsprovddes &1 inlett kieowghit eliickait if fed wistasaid sludge from

ool $HBDTh g B dhrolh R L Eon G Saeefd Sy EBR s fed

was thavieingy salSMBID.an appar at us according to any of the
precedi ng cl ai ns, wherein said process conpri ses:

feedi ng wastewater to be treated into a subnerged
me ' e )
5 oxcers piafe Wekihe of SRELY wRMELER HER roviuBEL piher ot
nod dberethbBiDY said dhea;.penetals ge;mmtezﬂ feorn esid shnldgrdgfsald’lMﬁﬁ) d
MBD, feeding perneate passed through the nmenbrane of
said MBD back into said MBR rel easing perneate
6.passed aszir@tlﬂQ RcddidingRdTRARBE cl@imsSR ¢l 5 MBhkreidndid disperser in said
rel easing CO2 produced in said MBD. WD 2008/ 066497
PCT/PSRzaEnd 0Eeteo is sadected from the group consistmediffy agitator and an
cl aiyifRonit HhhdgEercOMPri sing: feeding excess sludge ‘
fromsaid MBR into a pretreatnment reactor
di spersing said excess sludge in said pretreatnent
rea

7. he rai)paargtgls according to any of the preceding claims, wherein the material for

said membranes is selected from the group consisting polymers and ceramics.

8. A process for cleaning wastewater using an apparatus according to any of the

preceding claims, wherein said process comprises:

° feeding wastewater to be treated into ‘a submerged membrane biological
reactor system (MBR);

. feeding excess sludgé from said MBR into a submerged membrane
module (MBD),

. - dispersing said excess sludge in said MBD; »

. feeding permeate passed through the membrane of said MBD back into
said MBR;

. releasing permeate passed through the membrane of said MBR; and

. releasing CO, produced in said MBD.



feedi ng said dispersed sludge fromsaid pretreatnent
reactor into said WMBD. 10. The process according to
W@ R@sHs@90dr 9, further conprising feeding saiBCT/SG2007/000410
wastewater into said first conmpartnment of said MBR for
renoval of carbonaceous conygunds and nitrification
under aerobic conditions; eding effluent from said
first conpartnent into said second conpartnent of
said MBR for denitrification under anoxic conditions;
and feeding the effluent fromsaid second conpart nment
9.i nt orlmair@bessiﬁcmkdimgau”phtm ﬁeﬁuﬁhexfcomﬁslinngR whi ch
provi des ae[oblc co ons d filtering said

ef f Iuent fF5a5MR &5es S g% eI MBRARAR PreiFeaimant eartar;
menty ane d@sfpeémg@amxegs slsa@gm Elﬁ?étretaﬁhe%p}e@éter Legycl ed

wat er . he “process -according'to any of clains 9 to .
10, ovVner éeerdmy}yalda)dmsepssed;lshnige fowin sad cdprethd@bnérs eadon imt@ said
an eleneq%BQalancing reactor for renoving heavy netal s
from sai t udge from said MBD

10.  The process according to claim 8 or 9, further comprising

. feeding said wastewater into said first compartment of said MBR for
removal of carbonaceous compounds and nitrification under aerobic conditions;

e  feeding effluent from said first compartment into said second
compartment of said MBR for denitrification under anoxic conditions; and

. feeding the effluent from said second compartment into said third
compartment of said MBR which provides aerobic conditions and filtering said
effluent from said second compartment through said membrane of said third

‘compartment to obtain recycled water.

11.  The process according to any of claims 9to 10, wherein any excess sludge of said
MBD is fed into an ¢lement balancing reactor for removing heavy metals from

said sludge from said MBD.



