APPARATUS AND METHOD FOR ANAEROBI C TREATMENT OF WASTEWATER SFi el d of the
I nvention The present invention relates to an apparatus and nethod for
treatment of wastewater. More particularly, the present invention relates
to an apparatus and nethod for anaerobic treatnment of wastewater. Still

nore particul a;‘gg P@l@é&q v ' rg pfl ow reactor
used in the an r% ( E’Eﬁ%tﬁm @mﬁoéﬁwgg# the I nvention
151t is knpvvn_ t hat_ b! ol ogi cal ODFPEWASTEWATERSt ewat er consi sts of breaking
down organic inpurities in wastewater through the action of suspended or
fixed carrier material to which mcroorganismculture is attached, to
reduce the biochem cal oxygen demand (BOD) content in wastewater. 20A wide
variety of m croorgani snms and environnmental conditions can be utilised for
t r eatSrenFiedd ofiti¢ lventionypes of wastewater. In order to maximze the
efficiency of the biological treatnent of wastewater, proper m crobes nust
be chosen to interact with the pollutants to be treated and a suitable
envi rf)lnmi?hé apresemtdirivieptiormuslatdze teraviappardtos earitameethodhefom togatimeat ofict i vity
as well as to increase the m croorgani 25p! ' it hi :
wastewater. Iﬁore par%cularly, t?le &eser?tTnveSrRI%Rurleﬁattelsopo gvln ta%'pgratt&]se arru? actor
method for anaerobic treatment of wastewater. Still more particularly, this
10  invention relates to a segmented upflow reactor used in the anaerobic treatment of

wastewater.
Background of the Invention

15 It is known that biological treatment of wastewater consists of breaking down
organic impurities in wastewater through the action of suspended or fixed carrier
material to which microorganism culture is attached, to reduce the biochemical

oxygen demand (BOD) content in wastewater.

20 A wide variety of microorganisms and environmental conditions can be utilised for
treatment of different types of wastewater. In order to maximize the efficiency of
the biological treatment of wastewater, proper microbes must be chosen to interact
with the pollutants to be treated and a suitable environmental condition must be
provided to enhance the microbial activity as well as to increase the microorganism

25  population within the reactor.

Biological treatment of wastewater may be carried out in aerobic, anoxic or
anaerobic environments. The choice of environment has a profound effect on both
the ecology of the microbial community and the treatment of the pollutants.

30
Anaerobic processes have been used for several decades to treat wastewater. To
anaerobically treat wastewater, the wastewater must first be exposed to

microorganisms. The microorganisms convert organic matter in the wastewater



Bi ol ogi cal treatnment of wastewater nmay be carried out in aerobic, anoxic or
anaer obi ¢ environnents. The choice of environnment has a profound effect on
both the ecology of the mcrobial community and the treatnment of the
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The above an her are so ed and an advance in the art is made
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upflow operation. However, the known processes and apparatus are relatively

costly to maintain.
15 Summary of the Invention

The above and other problems are solved and an advance in the art is made by
providing an apparatus and method for anaerobic treatment of wastewater in
accordance with this invention. It is a first advantage of an apparatus and method

20 in accordance with this invention that a segmented upflow reactor is provided. Itis

a second advantage of an apparatus and method in accordance with this invention

that the segmented upflow reactor comprises a plurality of carrier skids. Itis a third
advantage of an apparatus and method in accordance with this invention that a

/ method for anaerobic treatment of wastewater using a segmented upflow reactor is

25  provided.

In accordance with some embodiments of this invention, the upflow anaerobic
reactor comprises an enclosed vessel having a top and a bottom, an influent liquid
conduit located proximate the bottom of the vessel for feeding wastewater into the
30 vessel, an effluent liquid conduit located proximate the top of the vessel thereby
establishing a flow direction through the vessel from the influent conduit to the
effluent conduit for discharging the treated water, wherein the vessel comprises a
plurality of compartments arranged one on top of another, each of the plurality of

compartments includes a plurality of carriers to which microorganisms are attached



20 in accordance with this invention that a segnented upflow reactor is
provided. It is a second advantage of an apparatus and nethod in accordance
with this invention that the segnmented upflow reactor conprises a plurality
of carrier skids. It is a third advantage of an apparatus and nmethod in
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20
In accordance with some of embodiments of this invention, the upflow anaerobic
reactor further comprises a separating means that separates first one of the
plurality of compartments from an adjacent second one of the plurality of
compartments.

25
In accordance with some of embodiments of this invention, each of the plurality of

compartments comprises a carrier skid having a housing made of a mesh material
having side walls, a closed bottom, a removably attached top, and a carrier zone
defined within the housing for receiving the plurality of carriers.

30
In accordance with some of embodiments of this invention, the upflow anaerobic
reactor further comprises a mixing zone defined in the vessel proximate the bottom
of the vessel, and a gas collection zone defined in the vessel for collecting biogas

produced in the vessel. In accordance with some of these embodiments, the



20 I'n accordance with some of enbodinents of this invention, the upflow
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the effluent liquid conduit at intervals or continuously by means of a programmable

20  logic controller.

Brief Description of the Drawings

25 The above and other advantages and features of this invention are described in

the following detailed description and are shown in the following drawings:

FIG. 1 is a sectional view showing an embodiment of an upflow wastewater
treatment reactor of the present invention;

30
FIG. 2(a) is a perspective view of an embodiment of a carrier skid to be used in

conjunction with the reactor of the present invention;

FIG. 2(b) is a perspective view of another embodiment of a carrier skid to be used

35 in conjunction with the reactor of the present invention;

4



20l ogic controller. Brief Description of the Draw ngs 25The above and ot her
advant ages and features of this invention are described in the follow ng
detail ed description and are shown in the followi ng drawings: FIG 1 is a
sectional view show ng an enbodi nent of an upfl ow wast ewater treatnent
reactor of the present invention; 30 FIG 2(a) is a perspective view of an
enbodi nent of a carrier skid to be used in conjunction with the reactor of
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10  FIG. 5 is a sectional view of yet another compartment of the reactor in accordance
with an embodiment of the present invention containing a plurality of large size

carriers arranged in fixed state.

Description of the Invention
15
The present invention relates to an apparatus and method for anaerobic treatment
of wastewater in which pollutants such as organic matter contained in the
wastewater can be effectively removed in a system. For the purposes of
illustrating the invention, there is shown in the drawings a form which is presently
20 preferred. It is being understood however that this invention is not limited to the

precise arrangements shown.

"Wastewater," as used herein, defines a stream of waste from a residential,
commercial, or industrial source having pollutants. The pollutants may be, but are
25 not limited to biodegradable material, inorganic compounds, and/or organic
compounds capable of being decomposed by bacteria or other microorganisms.
As used herein, a "wastewater treatment system" is a system, typically a biological
treatment system, having a biomass population of one or more types of
microorganisms used to digest biodegradable material or other material. Notably,
30 the biomass requires an environment that provides the proper conditions for
growth. The wastewater treatment apparatus and method as herein described

may be used for treating low to high strength wastewater.



Description of the Invention 15 The present invention relates to an

appar atus and nethod for anaerobic treatnment of wastewater in which

pol lutants such as organic nmatter contained in the wastewater can be
effectively renoved in a system For the purposes of illustrating the
invention, there is shown in the drawings a formwhich is presently
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vessel 10 is of a cylindrical geometry. The bottom end of the vessel is preferably
conical as shown in FIG. 1. However, one skilled in the art will recognize that the
bottom end of the vessel may take on other configurations without departing from
this invention.

20
The reactor in accordance with this invention also comprises a recirculation line 20
for re-circulating at least a portion of the mixed liquor back to the vessel 10. The
reactor further comprises a recirculation pump 22 located at the bottom 14 of the
vessel for maintaining an upflow velocity of more than 0.2 m/hr of the wastewater

25 through the reactor. In a preferred embodiment of this invention, the reactor is
made from non-corrosive materials, such as, stainless steel. However, one skilled
in the art will recognize that the vessel may also be made from other suitable

materials without departing from this invention.

30 The vessel 10 of the reactor is divided into a plurality of compartments for receiving
wastewater. Each of the plurality of compartments includes a plurality of carriers
32 to which microorganisms are attached to each of the plurality of carriers 32. In
one embodiment of the invention, the vessel 10 is divided into at least two

compartments. Preferably, the vessel is divided into at least four compartments



15 substantially cylindrical, parallelepiped, or spherical in structure.

Preferably, the vessel 10 is of a cylindrical geonetry. The bottom end of

the vessel is preferably conical as shown in FIG 1. However, one skilled
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the size of the carners 32 ecreases in the same direction as the upward flow

direction of the wastewater through the vessel 10, and such that the carriers 32 in

the uppermost compartment 30 (located nearest to the top of the reactor) has the

25 smallest diameter and the carriers in the lowermost compartment 24 (located

nearest to the bottom of the reactor) has the largest diameter.

In one embodiment of the invention, the carriers 32 in the lowermost compartment
24 and the intermediate compartment or compartments 26, 28 are preferably
30 arranged in a fixed state. The carriers 32 in the uppermost compartment 30 are
preferably arranged in a fixed state, a suspended state or a combination of fixed
and suspended states. In the exemplary embodiment of the invention as shown in
FIG. 1, the carriers 32 in the first, the second and the third compartments 24, 26,

28 are arranged in a fixed state and the carriers in the fourth compartment 30 are



20 smaller than the carriers in the third conpartment 28 (as shown in FIG
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of conpaggﬁelrpl‘t ghen%%e%gnp oyeg Wi ?‘ﬁﬁ)d%‘ h‘ﬁg@%gé{i ﬁgh%f ?%br%q? hlgga)itrqéeﬁ]{r?on. 5
Pr ef s abbymphhmenty 26,628 ak2parked with camietnbaviog avsizain the reagetodi253pP t he

I nventio ave .a size in_the range of 5t 00 i,n,.di . ne
enbodi neﬁpgé‘?mt'ﬂéj'al'ﬂ?/t&ﬁtﬂ— ﬁ?Olﬂ'ﬁbg?'PPé‘E‘mEBﬁ%gﬁ %"%Redgwmogg?ﬁég ?%\}éc gr i s
packed WstB i€ 8d faRfE JR8Ub PG rAmSh damétet.he range of 100 to 200 mmin

di anmeter. The second and the third 10 conpartnents 26, 28 are packed with

carriers having a size in the range of 25 to 100 nmin dianmeter. The fourth
gg”pm?]rit rqﬁglé ae%@g{e'g?lygﬂﬁg&qowtﬁehp&%iiéseéisclﬁﬂt‘{/! Hat theShB6vd orffigardt@fgandl 5 to
15 relative dimensions of the carriers, are provided by way of example only. As
applies to this entire description, unless otherwise indicated, the configurations and
relative dimensions provided herein should generally be considered as exemplary

only and should not be seen to limit the invention in anyway.

20 The carriers 32 used in the invention are preferably porous particles of organic
polymer compounds. Other suitable carriers may also be used, including, but not
limited to, textile cloth, sphere carrier, cubic carrier, cylindrical carrier, and
rectangular carrier. Preferably, carriers which offer the microorganisms a large
surface area for attachment are used. The carriers 32 are preferably made from

25  polypropylene, polyurethane, high density polyethylene, polyethylene, polyamide,
ceramic. However, one skilled in the art will recognize that the carriers may also

be made from other materials as long as the carriers fulfil the indicated conditions.

In one embodiment of the invention, the vessel 10 includes separating means 34.
30 The separating means 34 partitons the vessel 10 into the respective
compartments. The number of separating means provided in the vessel 10 varies
according to the number of compartments to be partitioned within the vessel 10.
Preferably, the separating means 34 is a mesh material having a mesh size in the

range of 1 mm to 50 mm. The mesh size of each separating means provided in



It is expressly noted, for the purposes of clarity, that the above
configurations and 15 relative di nensions of the carriers, are provided by
way of exanple only. As applies to this entire description, unless

ot herwi se indicated, the configurations and relative di mensi ons provi ded

herei n shoul d general ly be considered as exenpl onl ; houl d t b
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QO her suitable carriers may al so be used, including, but not limted to,
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| arge surface ar are”use carriers 32 are preferably
made o r ose@2iatira) ypeapy| 8heis poadeir ef maetal; fibegglaksnsort yplastioyesiigh ease,

pol yet hyl ene ol yam de, ceram c¢. However, one Illed i r 1]
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as the cgslyhmide. f Hdvéverhenknskilkat e tisonrgi Wilbmecognizeoitieat eothedisuitatile of t he
i nvention, the vessel 10 includes separating neans 34. 30 The separating
means 34Maiartals et Perarerlowed withay deppdngferm s dveny@-conpar t nents.  The
nunber of separating neans provided in the vessel 10 varies according to

t he nunber of conpartnments to be partitioned within the vessel 10.

Pr ef & ablnyanather ewpediatent f theainyeatipn, $he vesssh 108 dividad inte piluralitteh si ze
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provi ded@&ﬁ&@rﬁg%\?gﬁsg& \E/g‘r myBﬁtﬁgi%%grgr%tr%ﬁ{d%e%??'g%ugﬁg]a{h%p%égo?ln@gr riers
provi dedThe eadtipleoopeiet nekils B6 ald alapes, substaméslly sinzeaddllet heittegpar at i ng

means 34, shoul d pe smal |l engugh, to retajn the carriers wthin each

conpar t n’é’ﬁg't‘é‘%iﬂlalﬁ’a?rg[g?eéﬁM MH%Othgn%PEP&[’] AR 8%%%&1 8N 2059P ¥ ough.
Pr ef er abhyothEhRithie The WBsS Bl A illtstate® IS FIGIAR) 8 FERIEbR4ach capite of
nmetal ; fibreglass; or plastic, such as, polypr.opyl ene, ret hane, high

denstty e bt mrpfasaly qomnprisenyA Boiesing 8 v 'a@_.walémév?ﬁ%e% toekfPled in
Lhe art gféép 'grr{eﬁﬁ)gQPl' Z8tddigh Bh 0L Pl hBRLiRg B! 6 etihSof M difriéiaKi# 86
defines a compartment when each of the carrier skid 36 is installed in the vessel
10. The housing 38 of the carrier skid 36 is adapted to receive the plurality of
carriers 32 to which microorganism culture is attached. The housing 38 may be of
20 a rectangular, square or cylindrical configuration. Alternatively, the housing 38
may take on a configuration that complements the configuration of the reactor such
that the carrier skid 36 can be fitted readily within the reactor. However, one
skilled in the art will recognize that the housing may take on other shapes without
departing from this invention.
25
The housing 38 of the carrier skid 36 is made of a mesh material. The mesh
material preferably has a mesh size in the range of 1 mm to 50 mm. The mesh
size varies according to the size and type of carriers provided within the housing.
The side walls, the closed bottom 40 and the top 42 of the housing of the carrier
30 skid 36 may have the same mesh size or different mesh sizes. In all cases, the
mesh sizes of the side walls, the closed bottom 40 and the top 42 of the housing of
the carrier skid 36 should be small enough to retain the carriers within the carrier
skid and large enough to enable sloughed biomass to pass through. Preferably,

the housing 38 of the carrier skid 36 is made of metal; fibreglass; or plastic, such



10l n anot her enbodi nent of the invention, the vessel 10 is divided into a
plurality of conpartnents 24, 26, 28, 30 by nultiple carrier skids 36
installed in the vessel 10. The nmultiple carrier skids 36 are aligned
substantially in parallel either longitudinally or laterally within the

vessel 10 or they are arranged onﬁ, n top, of matbher Witlhitg It he vr%%sel 10.

As il us?s aPYPoRYIENE: PolyayethaRe.Fhig §€B§¢V LN IYAFNS: SPOIYGBYIERE 42

prefera M $R%weAehoNss NKIIRE RawearSinile rebdghze tatl Ahedsbigibiom 40 and
a rermvg%?{{/&g@tgached ét%gp’ 42. The housi ng 38 of each of the carrier skid 36

def i nes matesiajsanayrbateneyedeithousdepadingfam &iis sWEA®E is installed in the
vessel 10. The housing 38 of the carrier skid 36 is adapted to receive the
plurality of carriers 32 to which mcroorganismculture is attached. The
housisng B omyiebekidf36 @ltha hoerstrandfibiso, cosnprises abreasylonadug ¢4lattached

configuratjon, Alternatively. the housing,38 A fl ation
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carrier skid and | arge enough to enabl e sl oughed biomass to pass through.
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departing from nventi on. e carrier skid 36 or the housing 38 al so
conpr i sedisposddeats¢achrioplasgnersofihe hokeingtds. t rartheusinegski®diip thaart witlat e

nmovenent of t.he .housi ng an I i i..1.hi ctor.
The Iug Q?Eo%‘ﬁettgﬁtea}fns‘gfso aﬁ%?gﬁz%ga@&a%tggﬁggr@s&%h at(;'géri ﬁ‘%@eg gl%g 36 to
be secur g@atof thiehdsins withoutrdepadingnfrandithie mtveafion.he i nvention, the lug 44

is in a shape of a loop as shown in FIG 2. The lug 44 can be an integral
par t2bf the housing or a separate part that is attached to the housing. The

lug 44 mpye e i@dsid rhasYa sHikingbkendraBeformkdt ftathehwved Uddction esft thet r engt h
to withstand the weight of the carrier skid when the carr_ifﬂrga]s idis

lifted. housingg8andbglowethenearger gonpg dilal Thg nyKingZpeatt &t P¥ Re

housi ng. B : 3 3 y&s,ﬂ t A tkPi Qyipgng. More
prefer abin;'/){'ﬁ g{ﬁar%n%ubsg%%?é%p#ﬁ?%}esqméen t grrﬁotﬁéi ng 1s ttg?ﬁathfgggt angul ar or
squar e cBdfwhgumeeded, and each lug 44 is disposed at each top corner of the
housi ng 38. Further, one skilled in the art will recognize that the |ugs
may removably attached and/or placed al ong ot her areas of the housing

wi t hout [eersé ehit@dinmen éfhhe ihvergioh| ¢e mXing means is a pipe 52 as shown in

FIG. 2(a). The pipe 52 is removably attached to the housing 38, with one end of
the pipe being perforated and positioned within the mixing zone 48. Preferably,
the one end of the perforated pipe is shaped as a loop such that the pipe 52 has
30 more perforated surfaces within the mixing zone 48 to provide a more uniform
mixing of the wastewater in the housing 38 when air is supplied through another
end of the pipe. One skilled in the art will recognise that other shapes or forms

may be employed as long as sufficient perforated surfaces are provided within the
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The carrier skid 36 has a m xing zone 48 fornmed at the | ower section of the
housi ng 38 and bel ow the carrier zone 21. The m xing zone 48 is forned by a
m xi ng neans di sposed in the housing 38 for m xing the wastewater in the
housi ng 38 when needed. 25 In one enbodi nent of the invention, the m xing
means is a pipe 52 as shown in FIG 2(a). The pipe 52 is renpvably attached

to the housing 38, ,wth one end. of t.he i ted.a sitioned
wi thin t A& %o,qa zz‘%{lnebrﬁg alﬁpgf\% éb?EI suﬁh@edoﬁtg t@%dB&{f&?f]e% gg)rfgrgg ée)d pi pe
i s shapedcasdiag k@t type bf wastewiaks tpibparda?echas 30 nore perforated surfaces

within the mxing zone 48 to provide a nore uniformm xi ng of the
wastewater in the housing 38 when air is supplied through another end of

the pi pey, QR&theKiehitfdirhéntt Bt Invehiidn, rBE 0aRiIRE niddat itdieaghkepes ®r fornms
may be enployed as |long as sufficient perforat ed surfaces are provided

wi t hih t pepefierxtypg stittae SAgas shewmimike. 8fb)ai The apitrear the slEehal fidr at ed
pi pe var }e%o@% hétgéc'ﬁgdttﬁltﬁ@ﬁo{l%:e %gf WHR ShE WIS th aBRatbf BRLEer 6é1n§n0t her

enbodi ment o e 1nven XI'ng means is an-agitator or a
propel | epeslyquedswnhin dhe Biixiag zohew8. i ihélagGitata( by stn’r¢re5(bgam deagtesignedne
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agi t at or ndin d@tmé@s 5ﬂe¢|9rspb@d@eﬂiegm@torfd?rstlﬁéamlesacmbrmngstmtbieetypad or a
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systemis a Ign choice left to those skilled in the art to maxim ze a
desired Wwhstgwatert he wast ewat er. Between the carrier zone 21 and the m xing
zone 48, there is provided another 15 nmesh material 51 for separating the
two zones. The nmesh material 51 is preferably made fromthe sane nateri al
as the hBaesveey B8. cdideerene 20tdret theumixid eonatddr itha&reriawr@\édms@dower hout

departing fromthis inventio h ze of terial 51
vaP| &y agﬁéﬁdmﬁﬁ”?lgﬂtfﬁés?%gﬁlﬁ m@i}'vﬂzé’f‘ssp?h\en”&% ﬁ%{'ﬁeélggrrlggrrg@%ne 21.
In all cawgs frdthesédifie Phatbhal a¥8RB HehsingBeheHowaldr, etherghitdtte nedteriad t he 20
carriers within the carrier zone 21 and | ar h t? enablg tL{EbuI ence,
creat ed BRYythee usgsk withowederarting fromyihis HPVSUB%‘ 3?‘ FéZ%S theemesgd 158 The
mesh mat ﬁfe'sﬁ'mé%n%ﬁ? R&rigd a'cEér‘%iQ{gao %rfyp@foftéé?rlé‘r@%?bﬂﬂe@ﬁn dhéennleat e part

removably provi etween the two zones. 25l n one enbodi nent of this
i nvent i ongne Ré. datarﬂmrses,ktha sk ahthebveph shodddeasmall EBgYIMB fairindh®porti ng

t he r r ' %r@fs ashvﬁlgﬁ@hg\”chgle? zEn ZWeach%elah(%eo?n ntot%}%b?@wrbtﬂén% cgegt@dw' th

Iegs reac or as t artment’ 24, "a space
bet vveen by eheboiximgméansftotfloey thesugheto tbtcdrrandommbd'meonesﬁ makeriak88sel 10

}Mhlel mb)e(:l %%E/ngg anI {Ilwtegrgl pe)gR q tﬂEqwou%fmgt gre aI ngoe'\a%fe part re}n%vglgle rog:agdserve as

between the two zones.

25  In one embodiment of this invention, the carrier skid 36 may be provided with legs
46 for supporting the carrier skid 36 within the vessel 10. When the carrier skid 36
with legs is installed in the reactor as the lowermost compartment 24, a space
between the bottom 40 of the carrier skid and the bottom of the vessel 10 will be
formed. In one embodiment of the invention, this space may serve as the mixing

30 zone 53 for the reactor.
In another embodiment of the invention, plurality of carrier skids may be installed in
the reactor without the legs 46. In this configuration, the mixing zone 53 of the

reactor will be formed by having a mesh material 55 disposed above the bottom of
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30zone 53 for the reactor. In another enbodi mrent of the invention,
plurality of carrier skids may be installed in the reactor w thout the |egs
46. In this configuration, the mxing zone 53 of the reactor will be forned
by having a mesh material 55 di sposed above the bottomof the vessel 10
such that a space between the mesh material 55 and the bottom of the vessel

10 i d
orovi dedtinacre Tsueh i 8 e et e PmeSf AR ol o ) ot oo

m xed | i gHeOfese¥erl i dpeated, dediningt 4 Arideg agnd B8. i nfluent liquid and the mi xed
liquor into the reactor for treatment The m xing of the liquor can be
carried out using nechanical m xing neans, for exanple, an agitator or a

stirrer @heixiahzok4eN83 lg)fiﬁ)vi;d@d ihafle irdadibetoatilx thé linflue@ € RENG z@dith@t nore
t han one m xing zone may be provided within the vessel 10 w thout departing

f ][omhl’t hi te-tinadated onixed diquar eyeelyepissdionBtredueng tthe infiieshdiogld adfdneegs 46
of the c Y t f th
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h(r)]u3| ng B?t oding Inmorhamcabmmrkg mefaﬁs fb lemamiples raneaditathirmera stiredr eriey ainvent i on,
t he vessel .10 I I t t

mul ti pl eM¥d rgfr?/engql}?éjla'ﬁstﬂ rJt)\“’rﬂbrﬁ '?'%%ﬁ}ﬁﬁ n%{c?r |t25’§§‘%§r’ﬁ'r gkfoé%y @é§l "

Al t er nat by @kduidddRithigsee beddel mawitheuddepatiaty frovhahia imlemtiahi ty of
conpartnents by using a combination of the separating means 34 and the

carrit@r skids 36. 20 Wien the plurality of carriers provided in the carrier

zone 21 gy §orﬂéré?°ﬁ’¢9&ﬁrnbﬂtsaoffthéqme‘%&@h eth%SIe§§‘QWrbf' tRe fafrier Bkid\B&Meay1Be M Xi Ng

of the wastewater Is required, nmaterial 51 can optionally be
removed smovedly aﬁa@edatprth@@ﬁ@HM%@f yeﬁ:k@ww BRI theysarisy skidgor they

may form an integral part of the housing 38 of the carrier skid 36.

15  In other embodiments of the invention, the vessel 10 may be divided into a plurality
of compartments by using multiple separating means 34 or by using multiple
carrier skids 36. Alternatively, the vessel 10 may be divided into a plurality of

compartments by using a combination of the separating means 34 and the carrier

skids 36.

20
When the plurality of carriers provided in the carrier zone 21 are arranged in a
fixed state as shown in FIG. 3, where no mixing of the wastewater is required, the
mesh material 51 can optionally be removed so that more carriers can be packed
within the housing.

25

The reactor of the invention also comprises a gas collection zone 54 located at the
top 12 of the reactor. The gas collection zone 54 is used to collect biogas, such

as, methane produced during the treatment process.

30  When in operation, wastewater is fed into the reactor through the influent liquid
conduit 16 located at the bottom 14 of the vessel 10 by a feed pump 56. The
wastewater is first subject to mixing in the mixing zone 48 to evenly mix the organic
matter present in the wastewater before the wastewater ascends and fills up the

first compartment 24. The wastewater is retained in the first compartment 24 until
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25 The reactor of the invention also conprises a gas collection zone 54

| ocated at the top 12 of the reactor. The gas collection zone 54 is used to
col | ect biogas, such as, nethane produced during the treatnent process.
30When in operation, wastewater is fed into the reactor through the
influent liquid conduit 16 |ocated at the bottom 14 of the vessel 10 by a

feed pu 56. ewat er_ | | X ng zone
48 to ev nPS‘?dﬁ{%EW'}\%Sngeaﬁ% cfeﬂé}etdetbet?rrgsg %%%Enéﬁ h"’{e};|d lﬂnﬁg Lb@at’( esg%?(‘;#e t he
wast ewat esmpar@eds2@ndis klep ipepbatet iin sach awpgrarimentt a34the Thastewsteevat er i s
retained in the first conmpartnent 24 until ned ti,me is reached
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repeat ed dtn88Ghe CHMRA liGBIAL cARIuithEs Was! feakasteAate Hbeehls analgh hﬁ!e fTU| tiple
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liqui® condinle compapmentte degsadalionce’ argapisddatier augmitiegenstakas tNigfee
conpar t ng 8%5 d &fgagé’éd Qi'ﬁnﬁ% tﬂ%%’éﬁr&défﬁﬁt BlocB8d SRt éﬂ%‘ﬁﬁs tink@e SdrRce-

Bi ogas i S ducled durin dation process and ascends in the sane
directi od:rexstnointm tim/\w\darﬂl foow dlreeicdn ointhefwastewales tustiather biagas reaches bi ogas

reaches e Iectio zope b4. The coll e a gas

col l ecti OI%& 9% 4°0F géhgﬂbe g'ogﬁ? Jﬁ;&ﬂ'e&% ?Jtttl?]gtgarsocroq%gtgona%o%ehngéner gy
source. Ih@dtsrcﬁa twedugh aiDowtiee fol wassad BoenEly stppes.nDhe teatgbwateent 30 of
the vessel 10 and di scharges out of the vessel 10 {)&ﬂgh the ef f | yent
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react or astWarethed asténdsaf@ills apltrél fikyt corapastnednt 24pagai. aMeldbeveogi ¢
controller (or PLC). The PLC allows the m xed Ii or to be re-circul ated at

i nt er val §tepp %%FRHQ@LRS{J@I gentinya the reatment af BEWaRFWAEF-e- progr amme a suitabl e
intermttent re-circulating pattern to recirculate the mxed liquor into
the reactor at intervals. Depending on the type of 25 wastewater to be
treat ed, In hener eathasimeain ofether éwentienr.atedetcyculatien refutha enixpd Heuasd |i quor

for o M Bté(:ﬁ%g% ﬁr@?\e’(h‘ér eﬁlheﬁlanqtgﬁ ﬁn%uﬁrlfég{)g{@“?éiaét& & aBtdiifed efti gcul ation

ess than~or ours he reactor can be set

to re- ci cenirelied yhmeanx etia ipregrammaing jagikeantipllenk s Fj<+r€3)t hehedaayes of

having a Wéﬁ'kwﬁﬁmr@t 68 rbirRullRy hEARENEIS 8r ESRiInUoLsig! | PHE & tgh control
of the 3 treat me rocess. If it is found that the wastewater discharged

fromt heSe‘ﬁﬂ“@éXhtPfﬁP(ﬁ%ré”md%l uilgsles ”H%'tm'ﬁﬁﬁtt r?ﬁec‘ﬂﬁ@% pattern &g re-

requi ren’%ﬁélﬁat@fthertﬁ&bédl Vet fite thd Pedt@sit fViRtepVal®r DEpeadingi sV @fe Bpe dfe
re-circul ated back tothe reactor b g@e settln %%gltable tion for

r e- c2¥ cuMagiedtemto lPe treated: dhe &ePaiRt Rremiedg ‘?:ir?'ic%‘”?t@qﬁﬁr ements.
Thi s al | gwgedigudrdoh@v@irut&ebt @fore Wit 8hn ®eepret frégragnmid dolstdp tie re-

circulation for less than or about 2 hours. In some embodiments, the reactor can
be set to re-circulate the mixed liquor continuously. One of the advantages of
having a PLC incorporated into the reactor is that it allows better control of the
30 treatment process. If it is found that the wastewater discharged from the effluent
liquid conduit does not meet the pre-specified requirements of treated water, the
wastewater or mixed liquor can be re-circulated back into the reactor by pre-setting
a suitable duration for re-circulation until the treated water meet the pre-specified
requirements. This allows one to have a better control over the re-circulation
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process and the overall performance of the reactor. The PLC al so all ows one
to control the re-circulation process renotely. The reactor according to
the present invention has several advantages. One of 5 which is that the
reactor allows mcroorganisns to growin different biofilmstructures at

different sections of the reactor. This optim zes th&eagi crobial activity
wi t hin t Recesaendithe pverallrrestosmance of the P of TheBLE 18R 6HOYE opR e

[ ”prOVedcoHthlg&?%i%ig{r?]ﬂa{t{?@eprf)@@s%tr‘éfno%ly.t he invention can also function as a

filtration ne carriers in"the reactor are arranged in a fixed
state and different sizes of the 10 carriers are also provided. The

descri bed, confi,qurati 0 e (! ni i t.g and
suspendeghﬁrrSW ' r?lcg?rgﬁ\gg%)nfhtséng%t%g%g{vggﬁr{u?%% s\%(/?%l r?(a%/ %’g@%gﬁ pg?s& Thi s
hel pss opthithz & tthat theredidtat aflotvis viriigromdgiahismst he grewc trordifferdniebivdioe t he
efficiency of degradation of organic tt .in the st ewat er ., _FEurt her nore,
t he reacf%?CtB?e%%éﬁ'??fﬁgh??‘g’ﬁnﬁﬁg?’};ﬂ G- g@@? PURIZER e "H‘Egglﬁh??ti'vétywor

t her mophipithihy FRNEabidPNSThel iBaMiMRANAEENSS otifiieNiakche ianis ahpaiveds land the
separating nmeans in the reactor in accordance with this invention is that

the carr peditieni e rgaetor RE theejsyeatiom gansisesiuactiompr @ tlisatien Media WoSRarriers
in a des h?eﬂ@ér@g# ACRL! t%Pct\M A B][rtange(ﬁ G256 Rled ét%ten&dzgif@?&ﬁ%iie% & @i ded to
separate thé drfferent layers of carriers in the reactor, the carriers from
one layecamieys mirgrase pravidatbt Here dageibeals cotfigunationenhties catrigrs allbwsugh t he

reactor in an upward direction. This w.ll res Ny i sf.ri bution
of the CQFgﬂné:r%&r]tﬂmg‘ggk? ?'}f{/ yspeRged Hrqm&b@:cfog&%@érﬂﬁ%;ﬁg&%é@g%od{gﬁlél ri bution
of the miy ear@asi STHisMdIpE Rptieze &e Invitrobihi stiviy vathiretise rgactbf @otl t he

m crobial activity 25within _the reactor .and the efficjency of the reactor.

The al t ePRBRNGE: tdrpRfBviaRcH off degradation: (b OrgrNich BatR) Rt ih WRISVHES
flexibil .\:Hfhét‘?nér@,r R Rlact? 2 IRe FlRNESH A%ayl BI8o Weo¥rael iinddr ri&ddphilid t he

reactor allows one to custom se the reactor according to the type of

wast éwat er theompehiti¢ eanditonsThe 30 carrier skid is easily novabl e and hence,
it makes installation and renoval of the carrier skid easier. The |ugs
attached to the housing of the carrier skid enable the carrier skid to be
lifted eabeladvhnpgetdasingaibeaarriérf slideanditheé eeparkiing fredans in ¢heé reastéron

o e ad 22 RO 08 EhAC G SH SioBir heBiafg o
W t hout BheaBrRet Edainathe carriers in a designated location within the reactor. If no
20 means is provided to separate the different layers of carriers in the reactor, the
carriers from one layer may migrate to another layer as the wastewater flows
through the reactor in an upward direction. This will result in an uneven distribution
of the carriers in each layer and in turn, result in an uneven distribution of the
microorganisms within the reactor. This may adversely affect the microbial activity

25  within the reactor and the efficiency of the reactor.

The alternative embodiment of the reactor of the invention provides flexibility in
terms of design choice as the use of carrier skid in the reactor allows one to
customise the reactor according to the type of wastewater to be treated. The
30 carrier skid is easily movable and hence, it makes installation and removal of the
carrier skid easier. The lugs attached to the housing of the carrier skid enable the
carrier skid to be lifted easily from the reactor. If one carrier skid fails to function
efficiently in the reactor, the entire carrier skid can be easily lifted and removed for

repair purposes. A new carrier skid may then be installed without the need to wait
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for the old carrier skid to be fixed in order for the reactor to be in
operation again. The use of nmultiple carrier skids in the reactor of the
present invention thus provides a nore efficient and cost effective way of
treati ng wastewater. 5The above is a description of the subject matter the

inventors regard as the invention a% i S th%I i eved tEat, ot her.s can.and w ||
desi gn alor &rehaldi casTier slde 4 be Txgd in PrHar faethereacion e RE i APEL8Y 494 he above
di scl osutgs ysELOf MRiltidle AlrisPEkiaY iANGR! RRickor’ SR prdseht tifRatioR Nthusf

wast ewat er conprising: an encl osed vessel having a top and a bottom 5an

i nf | uent proviges @ moredefficienband eest eiferiiveavay phisedia \wagtevaiehe vessel for
feedi ng wastewater into the vessel; an effluent liquid conduit

| ocated proxinmate the top of the vessel thereby establishing a fl ow
di r et i oTihé fabovghist hedesedptidn fof dhe tsubjéatfratert theoinnentors oegérd as ftheent

conduit for discharging treated water; . a _m,xi ng. ravipded

proxi mat '@V?W%@?(f&%‘?%‘%v?%g‘%@ X-\¢ C?Branﬁivﬁ/('flﬁ&spﬁeal%ﬁ'géﬁg?e%sgﬁy% R

wher ei n hbBRId¥aRISShverBBRbLEEES o tie Hh@ld di¥clobureonpart ments arranged one on
top of another, each of the plurality of conpartnments includes a plurality
of carriers to which mcroorganisns are attached to each of the plurality
of carriers, and 15wherein the plurality of carriers in an uppernost
conpartnment having a dianmeter smaller than the dianmeter of the plurality of
carriers in a | owernost conpartnent.
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2. The upfl ow anaerobic reactor according to claim11, wherein the dianeter
of the plurality of carriers in the plurality of conpartnents decrease in
size in the 20 sane direction as the flow direction of the wastewater

t hrough the vessel such that the plurality of carriers in the uppernost
conpartment has the smallest dianeter and the plurality of carriers in the
IomernnsbLgﬁmgartnent has the | argest dianeter. 3. The upfl ow anaerobic
reactor according to claiml1l, wherein the plurality of 25carriers in the
plurality of conmpartnents is arranged in a fixed state. 4. The upfl ow
anaer obi ¢ reactor _accordi toclaimi1, wherein the plurality of carriers
'n the | duer nbSuPEBHERRERA: astorfortmertod s uae pAP BTG t ne
plurality of gakhtlBESd VEsSNRaWiRGartopahdaimpi;ment is arranged in one of a
fixed state, a 30suspended state and a copbi nati on of fixed and suspended

states. 5. TAB infensiaaidaeersbiitclocates: pioxipatsr e mkptias Af dhenvesseln®f ei n t he
pl urali tﬁe‘&ﬁnq@ﬂﬁ&@%ﬁf@?'ﬂ{té tﬂ@f?ééé@ﬁs at | east one internedi ate conpart nent
t he 0

bet ween wer nost conpartnent and the uppernost conpartment, the at
| east one i nt enrafthieat diqoishpenduitelocated ppkiswde phaiten iof yhervessal theseBy ar r anged

[ fi . at. e o Th I ' . | [
further ESrBIlfng. Rou, WUBGHRL HRBIIRE IRbFell FEA B (AATH: Soifut o ha' 1, o
pl ur al i t gffebnceonaait fordischafgingtieateaidvategnt second one of the plurality of

conmpartments, wherein the separatin n avi a nmesh size s | enough
to r&fain theddNtig #qne B’FOVE’% rRrax! nﬁ'ﬁ‘? ??O QChOie ﬁpvfrsts?rleﬁf n?;\'ﬁ'agﬁb?ge
enough t gaa{dwershayghed bi omass to pass through. 10 7. The upflow

anaer obi c reactor accordi n? to claim1, wherein each of the plurality of
conmpartments WHRRIN Hiemyessel comprises a plurality of compartments arranged one on

top of another, each of the plurality of compartments includes a plurality of carriers
to which microorganisms are attached to each of the plurality of carriers, and
15  wherein the plurality of carriers in an uppermost compartment having a diameter

smaller than the diameter of the plurality of carriers in a lowermost compartment.

2. The upflow anaerobic reactor according to claim 1, wherein the diameter of
the plurality of carriers in the plurality of compartments decrease in size in the
20 same direction as the flow direction of the wastewater through the vessel such that
the plurality of carriers in the uppermost compartment has the smallest diameter

and the plurality of carriers in the lowermost compartment has the largest diameter.

3. The upflow anaerobic reactor according to claim 1, wherein the plurality of

25  carriers in the plurality of compartments is arranged in a fixed state.

4. The upflow anaerobic reactor according to claim 1, wherein the plurality of
carriers in the lowermost compartment is arranged in a fixed state, and the plurality
of carriers in the uppermost compartment is arranged in one of a fixed state, a

30 suspended state and a combination of fixed and suspended states.

5. The upflow anaerobic reactor according to claim 4, wherein the plurality of

compartments includes at least one intermediate compartment between the
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a carrier skid having a housing nade of a mesh material, side walls, a
base, a renovably attached top, and a carrier zone defined within the

housi ng for 15receiving the plurality of carriers. 8. The upflow anaerobic
reactor according to claim7, wherein the carrier skid further conprising:
a m xing zone provided proxi mate the base of the housing; 20a m xi ng neans

provided, Wi thin the mXxing zone, S n LSRo W thin
t he hous,oH\bergwgsgecgg}pg{@qﬁea %&PFePp%%rrmeO%fro%%‘erh%l&xﬁﬁg %toﬁéeésnaéﬁ urality
of | egs mmeermvaldty caipactheat tomphsedsiarmlityf oftdaeridrsasianged analfixed state. at

| east one lug attached to the housing to facilitate novenment of the
25housi ng and pl acenent of the housing 9. The upfl ow anaerobic reactor

according to ?h@iuﬁﬂéw ahHELOBRY re@IBPakb&drafhg to claim 1, further cBm@p@singo!l | ecti on
zone defined in the vessel for collecting biogas produced in 30the vessel.

10. The upf | owa&raaraEpg Measedhal sepacipelfifeg one of tha PRIt of GoRRATERMYR i si ng:
a_dedi cagsf, raﬁ?g@%%rﬁt §8<¥brnlo‘ Bﬂﬁf&r thee dhirafy! 8f IBMpAHMPES wheRY [then of

m xed |iquor arge om the uppernost “conpartnment back to the vessel
usi ng a separating abéans pavipg &estheizepsinaly envaghotei tetaivatheoplusditvradi ng to

cont ol | PAGEEHEPRARB et aimeatan B e B Rl B0l Bbb RS, 7o of
the m xeg@asd weughhack to the reactor,
10
7. The upflow anaerobic reactor according to claim 1, wherein each of the
plurality of compartments comprising:
a carrier skid having a housing made of a mesh material, side walls, a
base, a removably attached top, and a carrier zone defined within the housing for

15  receiving the plurality of carriers.

8. The upflow anaerobic reactor according to claim 7, wherein the carrier skid
further comprising:

a mixing zone provided proximate the base of the housing;

20 a mixing means provided within the mixing zone;

a separating means disposed within the housing to separate the carrier
zone from the mixing zone;

a plurality of legs removably attached to the base of the housing; and

at least one lug attached to the housing to facilitate movement of the

25  housing and placement of the housing.
9. The upflow anaerobic reactor according to claim 1, further comprising:

a gas collection zone defined in the vessel for collecting biogas produced in

30 the vessel.

10.  The upflow anaerobic reactor according to claim 1, further comprising:
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12. A method for anaerobic treatnent of wastewater, the nmethod conprising:
feedi ng wastewater to an encl osed reactor through an influent liquid
conduit | ocated proxi mate bottom of the reactor; m xi ng the

wast ewater at a m xi ng zone provi ded proxi mate the bottom of the reactor;
allowing the wastewater to flowin an upward direction through a plurality

of 15 conpartnents, .each.of the pluralit) . CO r . a
plurality of %éi}qerdi'd@}es {%cw\%mahﬂn NBS385F%%%?@%ﬁn%agg%g%@%@é&%@I&%ﬂgei n the
pl ural i t jquelr diesHargdd from e uppeEnoss tconpapardnterck Havihegvessdi asisges snal | er
than the dianmeter of the plurality of carriers in a | owernost conpartnent,
t her eby [scB8WRHIR/HPEMRI xed | i quor and bi ogas: 20re-circul ating at |east a
portion of the mxed liquor discharged fromthe uppernost conpartnment back
to the reactor through a dedicated recirculation line;, collecting the

bih ogds pil bducElie wpflow anaerebicagacter agepraingda clagn| 18cfurher semergiPgyvi ded wi t hi n
t he reactor; I ' rr e ' e i or. 25
13. The et ho%rﬂgg%ﬁ Jﬁ %%Ib{\ gg'tgl gﬁ%ﬂiwruégrﬂ@l%ﬁ%r ﬁesc{urﬁgl:ﬁhérli‘epurnﬂﬁﬁ Xi ng the
r e- ci r cuteairediata thedht ldagtie povtianhoffthe stixadalstuonbaek ta thetrbectai. xi ng zone
provided w thin the reactor. 3014.The nmethod according to claim 12, further
conpri si ng: re-circulating the at least a portion of the m xed

| i quor ditschangréthba e6h drizeraid geamsint obWasteivaeat tHeantthedoeagirisingat

't egal al's or ?e%ggnlgnwugsqtg\llvgtewo gﬁ aegglo(s)éd ?eé%?c?qu%mgnein}lggt?iqgi%ncto% uter'
located proximate bottom of the reactor;
mixing the wastewater at a mixing zone provided proximate the bottom of
the reactor;
allowing the wastewater to flow in an upward direction through a plurality of
15 compartments, each of the plurality of compartments containing a plurality of
carriers to which microorganisms are attached, and wherein the plurality of carriers
in an uppermost compartment having a diameter smaller than the diameter of the
plurality of carriers in a lowermost compartment, thereby producing a mixed liquor
and biogas;
20 re-circulating at least a portion of the mixed liquor discharged from the
uppermost compartment back to the reactor through a dedicated recirculation line;
collecting the biogas produced within the reactor in a gas collection zone
provided within the reactor; and
collecting treated water discharged from the reactor.
25
13.  The method according to claim 12, further comprising:
mixing the re-circulated mixed liquor with fresh wastewater in the mixing

zone provided within the reactor.

30 14. The method according to claim 12, further comprising:
re-circulating the at least a portion of the mixed liquor discharged from the
uppermost compartment to the reactor at intervals or continuously by means of a

programmable logic controller.
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