-1- Method and apparatus for sludge treatnent and use thereof in sewage

bi ot r eat nent The present application clains the priorities of the
foll owi ng patent applications: (1) Chinese patent application
200910249722. X, filed on Decenber 1, 2009; and (2) Chinese patent
application 201010000737.5, filed on January 15, 2010. The contents of
these patent applications are incorporated into the present application by
ref erence. Technical Field The present invention relates to a nethod
and an apparatus for sludge treatnment and their use in sewage biotreatnent,
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Background Art

Water pollution is gradually serious, so it is necessary to treat various
sewages economically and effectively. Currently, thousands sewage treatment
plants are running in the world, and more sewage treatment plants will be built
with the development of environmental senses and requirements.

Sewage biotreatment is widely applied to sewage treatment due to its
outstanding advantages of high performance and low energy consumption, and
sewage biotreatment technologies represented with activated sludge technologies
and biomembrane technologies are successfully used in sewage treatment and
pollution abatement. However, the sewage biotreatment technologies in the prior
art still have some drawbacks.

In practical processes, many sewage plants have to face the following
challenges: (1) insufficient amount of sewage feed, mainly resulted from advanced
design and failures in sanitary sewer system, which may influence the operation of
sewage treatment apparatus; (2) unstable quality of sewage feed, mainly resulted
from draining industrial wastewater into sanitary sewer system and living habit
changes caused by holidays and seasonal variation, which may form shock load to
influence sewage treatment effects; (3) carbon-source deficiency, as a common
problem of sewage treatment plants, mainly attributed to modern living habits,



which may result in unbal ance of nutrients in organisns and influence the
renoval effects of nitrogen and phosphorus. Facing these chall enges,
conventional activated sludge nethods usually have the foll ow ng drawbacks:
(1) | ow biomass concentration in aeration basin; (2) poor ability in
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In addition, conventional biotreatment of sewage usually is not good at the
removal of phosphorus. Phosphorus is the main restriction factor causing

eutrophication of water body, and is an important element for sustainable



(2) Subjecting the second m xed liquor to an oxygen-supplying process to

obtain a third m xed |iquor; (3) Subjecting the third mxed |iquor to
an anoxi c process to obtain a fourth m xed |iquor; (4) Separating the
fourth mxed liquor to obtain a superngtant liquid and a first concentrated
m xed |iquor; and (5) Discharging’the supernatant |iquid, and
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75%, more preferably at least 80, more preferably at least 85%, more preferably at
least 90%, more preferably at least 93%, more preferably at least 95%, more
preferably at least 98%, most preferably essentially 100% of the first concentrated
mixed liquor returns to the step (1) and is used as the first mixed liquor, and
optionally the first concentrated mixed liquor that does not return to the step (1) is
discharged. In other words, in the step (5), the amount of sludge of the first
concentrated mixed liquor that does not return to the step (1) can be of any



According to some enbodi ments of the method for sludge treatnent of the
present invention, the ratio of the oxygen-supplying treatnent tinme to the
anoxic treatnent tinme is 1:0.5to 1:6, preferably 1:1 to 1:3, nore

preferably 1:1.5 to 1:2, nost preferably 1:20 According to sone

enbodi nents of the nethod for sludge treatment of the present invention, in

the step (2), the oxygen-supplying process is perfornmed in a manner of
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According t% some embodiments of the method for sludcgge treatment of the

present invention, in the step (1), the flow ratio of the sludge feed to the sewage
feed is 1:0.01 to 1:100, preferably 1:0.1 to 1:10, more preferably 1:0.5 to 1:5.
Specifically, the flow ratio of the sludge feed to the sewage feed can be any
suitable value, such as 1:100 to 1:50, 1:50 to 1:20, 1:20 to 1:10, 1:10 to 1:5, 1:5 to
1:2, 1:2 to 1:1.5, 1:1.5 to 1:1, 1:1 to 1:0.8, 1:0.8 to 1:0.5, 1:0.5 to 1:0.2, 1:0.2 to
1:0.1, 1:0.1 to 1:0.05, 1:0.05 to 1:0.02 and 1:0.02 to 1:0.01.

According to some embodiments of the method for sludge treatment of the
present invention, in the step (2), the oxygen-supplying process has an
oxygen-supplying treatment time of 0.1 to 4 hours, preferably 0.5 to 2 hours, more
preferably 0.5 to 1.5 hours.

According to some embodiments of the method for sludge treatment of the
present invention, in the step (3), the anoxic process has an anoxic treatment time
of 0.8 to 6 hours, preferably 1 to 4 hours, more preferably 1 to 3 hours.

According to some embodiments of the method for sludge treatment of the
present invention, the ratio of the oxygen-supplying treatment time to the anoxic
treatment time is 1:0.5 to 1:6, preferably 1:1 to 1:3, more preferably 1:1.5 to 1:2,
most preferably 1:2,

According to some embodiments of the method for sludge treatment of the
present invention, in the step (2), the oxygen-supplying process is performed in a
manner of intermittent aeration or continuous aeration.

According to some embodiments of the method for sludge treatment of the
present invention, in the step (2), the third mixed liquor has a dissolved oxygen



(2) Subjecting the second m xed liquor to an oxygen-supplying process to
obtain a third m xed |iquor; (3) Subjecting the third mxed |iquor to
an anoxi c process to obtain a fourth m xed |iquor; (4) Separating the
fourth m xed liquor to obtain a supernatant liquid and a first concentrated
m xed |i quor; (5) Discharging the”supernatant |iquid, and returning at
| east a part of the first concentrated m xed |iquor as the first m xed
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second concentrated mixed liquor and a purified water effluent; and

(7) Discharging the purified water effluent, and optionally returning at least a
part of the second concentrated mixed liquor from the step (6) as the sludge feed to
the step (1);
wherein a sewage feed is introduced to the step (1) and mixed with the sludge
feed and the first mixed liquor to obtain the second mixed liquor and/or introduced



According to sone enbodi nents of the nmethod for sewage biotreatnent of the
present invention, in the step (2), the oxygen-supplying process has an
oxygen-supplying treatment time of 0.1 to 4 hours, preferably 0.5 to 2
hours, nore preferably 0.5 to 1.5 hong__ According to sonme enbodi ments
of the method for sewage biotreatnment Of the present invention, in the step
(3), the anoxic process has an anoxic treatnent -7- tine of 0.8 to 6
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preferably essentially 100% of the supernatant from the step (5) is subjected to the
sewage biotreatment.

According to some embodiments of the method for sewage biotreatment of
the present invention, at least 20%, preferably at least 35%, more preferably at
least 50%, more preferably at least 65%, more preferably at least 80%, more
preferably at least 85%, more preferably at least 90%, more preferably at least
93%, more preferably at least 95%, more preferably at least 98%, most preferably
essentially 100% of the sewage feed is introduced to the step (1), and the residual
of the sewage feed is introduced to the step (6). In some preferable embodiments,
all sewage feed is introduced to the step (1), and no sewage feed is introduced to
the step (6).

According to some embodiments of the method for sewage biotreatment of
the present invention, in the step (2), the oxygen-supplying process has an
oxygen-supplying treatment time of 0.1 to 4 hours, preferably 0.5 to 2 hours, more
preferably 0.5 to 1.5 hours.

According to some embodiments of the method for sewage biotreatment of
the present invention, in the step (3), the anoxic process has an anoxic treatment
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In another aspect, the present invention further provides an apparatus for
sludge treatment useful in the above method for sludge treatment, comprising: a

first device disposed for mixing a sewage feed, a sludge feed and a first mixed



-9- to obtain a fourth mxed liquor; a fourth device disposed for
separating the fourth mxed |iquor to obtain a supernatant and a first
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present invention, the apparatus for sludge treatment further comprises a recovery

device for collecting and recovering gaseous phosphorus-containing compounds.

In another aspect, the present invention further provides an apparatus for
sewage biotreatment useful in the above method for sewage biotreatment,
comprising: a first device disposed for mixing a sludge feed with a first mixed
liquor to obtain a second mixed liquor; a second device disposed for subjecting the
second mixed liquor to an oxygen-supplying process to obtain a third mixed liquor;

a third device disposed for subjecting the third mixed liquor to an anoxic process



I'n anot her aspect, the present invention further provides a nmethod for
reduci ng carbon content, nitrogen content and phosphorus content in a
sl udge from a sewage bi otreatnent, conprising using the sludge as a sl udge
feed and subjecting to the above nethod for sludge treatnent to reduce the
carbon content, nitrogen content and phHosphorus content in the sludge.
I n anot her aspect, the present invention further provides a nethod for
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According to some embodiments of the apparatus for sewage biotreatment of
the present invention, the second device and third device are disposed so that the
ratio of the oxygen-supplying treatment time to the anoxic treatment time is 1:0.5
to 1:6, preferably 1:1 to 1:3, more preferably 1:1.5 to 1:2, most preferably 1:2.

According to some embodiments of the apparatus for sewage biotreatment of
the present invention, the second device is an aeration basin.

According to some embodiments of the apparatus for sewage biotreatment of
the present invention, the third device and the fourth device are a sedimentation
basin, that is, the sedimentation basin is used as the third device and the fourth
device simultaneously.

According to some embodiments of the apparatus for sewage biotreatment of
the present invention, the apparatus for sludge treatment further comprises a
recovery device for collecting and recovering gaseous phosphorus-containing
compounds.



wherein the discharged residual part of the second sludge has a total MSS
| ess than the total M.SS of the first sludge; and the aerobic treatnent can
be carried out in a manner of intermttent aeration or continuous aeration.
M.SS is a abbreviation of "m xed qugpglsuspended solids", referring to the
total weight (ng/L) of active sludge solids in unit volune of nixed |iquor
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(especially phosphorus-containing compounds in form of solution) of the sludge
into gaseous phosphorus-containing compounds and allow the gaseous
phosphorus-containing compounds escape, and (ii) recovering the gaseous
phosphorus-containing compounds that escape in the step (i).

In another aspect, the present invention further provides a method for
recovering phosphorus from a sewage, comprising: (1) using the sewage as a
sewage feed and subjecting to the above method for sewage biotreatment so as to
convert phosphorus-containing compounds (especially phosphorus-containing
compounds in form of solution) of the sewage into gaseous phosphorus-containing
compounds and allow the gaseous phosphorus-containing compounds escape, and
(i) recovering the gaseous phosphorus-containing compounds that escape in the
step (1).

In another aspect, the present invention further provides a method for sludge
reduction treatment, comprising the following steps:

(a) Introducing a first sludge from a sewage biotreatment process and an



fromthe aerobic treatnment zone to forma supernatant and a second sl udge;
and A circul ating device, which is used for circulating at |east part of

t he second sl udge back to the aerobic treatnent zone. According to sone
enbodi ments of the apparatus for sludge reduction treatnent of the present
invention, the circul ating device is'ﬂ“éﬁosed to circulate at | east 60%
preferably at |east 65% nore preferably at |east 70% nore preferably at

| east 75% 15@%%8 S%H ﬁﬁt(%n 5&8 i tl%gi‘r{?lerﬁl}roﬁ e’ﬁJ ?f g%ﬂ’}) by a@ltatlt)ﬁ% Lin85% nore

preferably at east era nore pre erabl at
| east 95% nof® Py ¢<émmh9 fﬁtXUlréaS@iUt%%l the gerqhi tréatatﬂny 788 éneprbigy 100%
of the seqah@inshiidge back to the aerobl c treatment zone. According to

sonme enbodi mant)iwf t he aﬁgar .atus f{) 9% reducgt.ion treatnent of the
present i nvent®ofrogheng dhe prixivre solUioR: Irord e jaerehi prabget FoRs Ve 3h
aer obi ¢ t remekivetéativene zede, Grdfedidly pretignabhtyorObisidhfor maOLicpir&fieabtoy

0. 5- 1. 5h. t o _sone _enmhodinents of the apparatus for sludge
reducti on (%brtaelgtarrsé‘g‘§ndd %]g(ti%ea ae%ué)ﬁ{ne‘?an\},e%r{dlt on, the apparatus further

conprises a déiblfbecmairng%dmsépanmf preospoiad sisdg@baqket@dh@amglogmm
phosphor us;,GeniR r%ﬂrt] Pﬁaﬁfﬁﬁ@hﬁ}gﬁlg(%ﬁ@%sﬁhﬁg Aot i s%@%&?élﬁd%é eat ment zone and

the anoxic tre zone n anot her_ aspect esént invention
further provi §r%p st fisehargrd eesidigbpart é’atth%ﬁ@coﬁQ %lll%déasraeﬂlﬁ t M5

conpri si ndesssthbh abié ito@] MESYagethbedt shidas; asd ol @eﬂorbﬁﬁtre@tﬂtem QAn AOXI €
treat nent and%g%‘ga sedi nent ati.on Iregt nent an |ot nent in

order in %& 1B APPHEEY (BE AP ?‘Hgtl%ﬂ’b??% 8“5 eré‘ PIE) r 84t nent
zone such ahbreamtimar obi“mikak liqpomsuspeoséd solidst meferrizpne theidhtahsvaight

sedi ment at(fn%ﬁﬁ?@dgﬁy@@ﬁd@e Pblgﬂs eﬁ%ﬁ%‘%&m&%ﬁ’m& flﬁ& Eiﬁi %ﬁﬂoﬁé'asiﬁi rculating

at | east part Irst~s rese

bi ot r eat nent A6¢Edigd tat sqn@%sqmlmglme@ts & s@@oﬁ%ﬁt@djd@é tHdge |r§d1{éﬁté§1ent
and/ or f?&f@aﬂ?éhrn dflfmee fé@éﬁtqn{rérﬁﬁhnﬁﬂﬂlezs@éiﬁl t a@tklle&@ GOhe ;?@Fe%lﬁ at re%fat m;nt
zone soO e slu si mu us he sewage, feed is
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i nvent i on af lgash86%p moote dersiesabip tah dehst Gsvﬁm@mfwﬁtlmﬂedﬁ 991’/<udgere
reducti on p evage
feed anq RreTPBL 8L st 00, MA@ WARGERS o35 9574 Mol Bl i@g\f‘% By cast
part of a98Vxgno% Ipnd‘g@biy omnh@lysﬂ@(k%(@)thﬁ rs@@ndrsha@eolblcmrcu bankt tozone,

pref er abl y, o086 ch@ReR 38h & (b) Subjecting the m xture solution in
t he aerobic tl&eat nt zone to abroblc treat nent;
ccording to some embodiments of the method for sludge reduction

treatment of the present invention, in the step (b), the aerobic treatment time is
0.1-4h, preferably 0.5-2h, more preferably 0.5-1.5h.

According to some embodiments of the method for sludge reduction
treatment of the present invention, the mixture solution in the aerobic treatment
zone has an outlet dissolved oxygen content of 0.1 to 4mg/L., preferably 1.5 to
3mg/L, more preferably 2 to 3mg/L after the aerobic treatment.

According to some embodiments of the method for sludge reduction
treatment of the present invention, the aerobic treatment zone has a sluge
concentration of 3,000 to 30,000mg/L, preferably 3,000 to 20,000mg/L, more
preferably 4,000 to 15,000mg/L.

According to some embodiments of the method for sludge reduction
treatment of the present invention, the method further comprises a step for
recovering gaseous phosphorus-containing compounds generated in the step (b)
and/or (c).

In another aspect, the present further provides an apparatus for sludge



(c) Introducing the m xture solution fromthe aerobic treatnment zone to an
anoxi c treatnent zone, preferably a sedinentation basin, for anoxic

treatment to obtain a second sludge and a supernatant; (d) Grculating
at |east part of the second sludge back to the aerobic treatnent zone, and
optionally discharging the residual p of the second sludge, wherein the

di scharged residual part of the second sludge has a total M.SS | ess than

t he total W(ﬂf trdaifeftt ¢ %rﬁgﬁgmgart of the first sludge that is introduced

into the aerobic treatnme of the step (a); (e) Introducing the
super nat ant s &patcaplig twgtmeH gonehw @ho‘a@n@rwﬁ%&tf“ﬁéﬁwmleﬂfﬁére&ﬁtwwauftmtal ot her
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super nat antb a e opt.ional other Si g @ﬁsfto 1ad Iot nent é)rocess
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| east par tbiofredtinent pregtsss|thelgerdbic krea@netdnezoaen@blsed tfbﬁaéd’&\ﬁf(lg Zthéleﬁﬁst
optlonally nqt her .part of t ck.to t sewage
by ot r eat mehesofisNesfth SARTRES BEY tenlen P51 ol PReSHITRRGRMS bfimidt®: P
first sludbe; aerobic wq@mnm cahebeaperdiyinedt ineatmamer gdrinisemétiant iagthtiontoi n a
manner of doﬂﬁﬁlﬁ(g{]stateﬁﬂfonaer ation or continuous aeration. According to
some enbodi nents of .t he’ met hod for  sewage treat ment by sl udge reduction of
the present i MERORSIregtRenteong; shighyls, usﬁ@ PleREOCCSHg ﬁﬁrfé?‘é‘r‘r&bﬂﬂﬂté{n | east

S% nor e fgretliey &pblic atcatre@ftzo fdmszsL@é o4 Na@bc rﬁlasiff;d ad nor e

6 fies avb i 70% afaeirahh d 5%
preferably at IeasiﬁIBOO rmre ref er a%/g Ietast X mol eftBr eferaply at

| east 90% nof* e 5t 1élga35:|\/§fea¥v LS Usg 3 %Crlga Br&et F IR PRIEEON50 nore
pr ef er abl yﬁhatgelbealsto b8 Ueramstregmeheraiel y essentially 100% of the second
sludge is ci rﬁ%(ﬁ'ﬁ?‘% 'é’@%n{ hi%gdﬂﬁéﬂ%?'&f L4 ﬁ??r%s gﬂeslf;d%g%&%% ng to

sone enbodi nents o or sewage tre ere uctlon of
t he presenteaimgns of ﬂ@ﬂ\PfeﬁthIWé‘:nélPépth@@}rcu@i—mgé@@@e efe%spmeéft@rcaﬁu&atea@t | east
65%}2 m)lrale lﬁsﬁﬁ@%abi[réf%l%g)lﬂ £a84st 3@3/2 & r@ﬂe I ety abl e)ista’ﬁo%el%%I”e é?%raﬁl?bl t
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Accordi ng % S%O% éﬁéﬁﬂ}@% Pe}&ks )é ﬁrrg)lgﬁgd&{?%rbws%\%%%@ { egjtbr{%n(ff By sl udge
reduct i onsefondisdudgedaehto thﬁi\ﬂ@mhl@treaﬁnﬁnt henst ep (b), the aerobic treatment
time is 0.1- ‘chd?ﬂi%%ef@k%bbhe eRib8BimdmS &PHfRl §pFhits Ofor- Hudke reduction

treatment of the present invention, the aerobic treatment zone is disposed to have
an aerobic treatment time of 0.1-4h, preferably 0.5-2h, more preferably 0.5-1.5h.

According to some embodiments of the apparatus for sludge reduction
treatment of the present invention, the apparatus further comprises a device for
recovering phosphorus for recovering gaseous phosphorus-containing compounds
generated in the aerobic treatment zone and the anoxic treatment zone.

In another aspect, the present invention further provides a method for sewage
treatment by sludge reduction, comprising: subjecting a sewage feed to an aerobic
treatment, an anoxic treatment and/or a sedimentation treatment and a sewage
biotreatment in order in a sewage biotreatment apparatus comprising an aerobic
treatment zone such as an aerobic basin, an anoxic treatment zone such as a
sedimentation basin and a biotreatment zone, characterized by: circulating at least
part of a first sludge that is present and/or formed in the biotreatment zone and at
least part of a second sludge that is present and/or formed in the anoxic treatment
zone back to the aerobic treatment zone so that the sludge is reduced
simultaneously when the sewage feed is subjected to biotreatment.



Accordi ng to sone enbodi nents of the nethod for sewage treatnent by sludge
reduction of the present invention, the mxture solution in the aerobic
treatment zone has an outl et dissolved oxygen content of 0.1 to 4ny/L,
preferably 1.5 to 3ng/L, nore preferably 2 to 3ng/L after the aerobic

treat ment. According to sone enbodilnents of the method for sewage
treatnent by sl udge reduction of the present invention, the aerobic
treatment zon £Lferably
3,000 to 20,0%’0Q‘%}Eéar %héaeth% et r%ﬁ@‘gbgmérgg&d%% 33%9‘%%{; %ing to
some enbodreatine tyfsladge rﬁéwﬁw, ﬁ@np@,&m&@@ fqﬂémﬂfi@ﬁﬁp%y sl udge reduction of

the pr eseﬂt i Elﬁirb@l!iblrtlg heetREOFebd sHd Eltereaﬁ%ﬁz\f bf ﬁ%e@orﬁlt ﬁﬁdi@frohﬁnb%\éer ' n?
gaseous p cont ai ni ccor one enbodi nents
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i nventi on,zohaeprbfembiﬁah aentiopbagass of the step (f) is a sewage

bi ot r eat ment zesctﬁ |t§8 tnﬁg?%é %mu\%ﬂ AL aQIrO%?ceﬁgﬁi)@/np Zgl‘lieo Oegg par denpho

process, Phor O0CESs, Tever
process, M@@ﬂm@ﬁocess VIPprocess OWASA process, JHB process TNCU
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process, oxidation rocesa bi onenbrane process, nmoving bed process
and a conBNANC| BHUNERY ¥y, preferably aﬁsélﬁeemésoael&sm t1RE AP EE FRAUNARNEHE | on
further pro@valld%e@mdasmn%reainusasi@emmge treatment by sludge reduction, the

t t e [ basi n,
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conduit conmmuni ca e anoxi c treat rst sluge
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appar at ustﬁegﬁm@@\@@g@opuh@tsfe@q‘@yent is disposed so that the total MSS of the
second sl udge ?h‘?et qa g}gd from the anoxi cﬁérea{.ﬁ)rren%l zone. i s less than the
total M.SS of(ef H¥GqUcte U sHBEMARRE sRPaT e PHOHPIHEE SBQRIG HHIBEN A Fent zone
t o the aenndoptionaathee setwagneedd imt@athetdsengadbpeehtmétieope,esent i nventi on

Further POV AR ARPANE el Doy - (REPAGAT SALTRILLRY reldaS

reduction C treat era
aeration bmentm@m|pé¢pe§@mbt@@§haﬁrstrsbtdgc@néta waser ¢fé1©eli1tw ng a f| r st sl udge,

a second inl qf) @fcu[a%ﬁ%‘éf‘l%t?ért'&at% B3 Sudfe ﬁac‘i@ﬁﬁﬂl‘é a%%%ﬁgtgﬁree%?ﬂ%rgné hi rd

inlet for recéivin Eﬁig vvhere%rlhee

used for PpE% &ﬂ%ﬂﬁglbé&rs ng 1 AQ1IGE AETPT Hse iRyt eto theeseegsnd

sl udge apﬁlctﬂ&atrﬁ@wagﬁe faaad;;mbh@lm&amrg:mgrﬂe@tmm pﬁﬂob’&lelﬁfﬁﬁtf ﬂﬁcﬂ@l | n a
manner of internittent a tinuou er at

roatent zontpnd g eRie ke off B GHRE R Y her of ' anoxi o
t r eat ment agrhtioer edntinupas se:rhumon fromthe aerobic treatnent zone to forma

super nat ant ‘3@&0%1?1@%8”&1&4 léﬁ%dlr?enté‘ oﬁﬁﬁﬁgﬁeﬁfoﬁt It CT%%E enCB i onal I'y

havi ng an inlet for other sevva% ich I's use orm
1

bi ot r eat nBHfEoFedUREOR gb Bhenpriestitt IayRnLiopt inothgl stes (B atslear 9% Yhc e@égﬂf@@}’f ormthe
first slugigraanesoa, wakeprabifablent lcast 70%, more preferably at least 75%, more

preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 93%, more preferably at least 95%, more preferably
at least 98%, most preferably essentially 100% of the second sludge is circulated
back to the aerobic treatment zone.

According to some embodiments of the method for sewage treatment by
sludge reduction of the present invention, in the step (g), at least 60%, preferably
at least 65%, more preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 93%, more preferably at least 95%, more preferably



A first circulating device, which is used for circulating at |east part of
the first sludge back to the aerobic treatnent zone; A second
circulating device, which is used for circulating at |east part of the
second sl udge back to the aerobic treaiﬂent zone; An optional first

sl udge di schargi ng device for dischargithg the residual part of the first
sl udge; and An optional second sludge discharging device for

di schar gi ng IEE'& 98@%' FHeat gf@érrab e%@ﬂlﬁfép?@@%%fuﬁ&e irst sf GGQr ézﬂgltéd) somne

enbodi nment s he ‘appar at us r sewagé treatnent by s ge reduction of
t he presentdq ﬁ9é‘?ﬁ?et§ﬂ 10t“l‘?é“%%éﬁ@le -circul ating device is disposed to

circulate at %A&as:tdn@g)% st tem?gdg/ﬁ/ne@ts beasd n@&%d Tef @e\r}a@‘ %g%lg/éhtaﬁ | east
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referably es i C
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ci rcul at i ngeatdla¥hiCRNE halllaf RABBAJL Q1 Gdd 6&9@5%01%6& §ﬁ§tl t@QP{ﬁ /B! ?geggx‘?gi 5cy or 6
0

| east 65% referabl era

p(raeferablzllg? ?@gslt r%@%pr%%yaél)bg émg it %rt @g”é’gl%@%tmﬁﬁ‘f‘e preferably at

| east 90% noAecaiéfeet@bbmeatmbediatenB384 tid nectivod ffer a&xba/geatrehmmt 85% nore
pof bl bl 8510 P48 kB LB ESBET bttt heyfirst
t he appar &pngerﬁ@ﬁlosecwagé)oﬂr@am@ﬂ@mgﬂ preéeralglly udigeo rte G 00@ngdf, mbe present

i nvention,préfae n@boq t5@ebaRAt. zone is d| sposed to have an aerobic
t r eat nent trl b%e 2 - nore preferably 0.5-1.5h.

4h,
Accor di ng tongﬁﬁ%r E’r%b%lsﬂ@ﬁteén]%(fdamﬁ@tsa gf‘eafflfé 9y fors gpmape ireeaeRe Yy by

sl udge r ediaige eadwfionhs the pﬁ@@ﬁt inp¥e i, e meh®dapaacatstapilissstdh@sp Epri ses
horus_f.or recovering gaseous

a device f verin ho
phosphor usgéovﬁféglg%eﬁu%ﬁ% HE- GNP LRESATIPIHR:  sewage tr eat nent
appar at us. Accondingr thi sgme censloorbmentsodi thentetlofd fdresapqper atatmehobysewage

treat ment sﬁ)ﬂ\g@ RS oh %?H{ét O}?I‘égbn?ﬁmleﬂﬁoﬁ’ e %ﬂﬁre’aﬁﬂ&?&}@ Ss B?ﬁ] bs'teg)t {Qaﬁt ment

zone is a |1 Ce Cgﬁ perrorm ng sewage accC ng to
Wihr mann pr 5¢@gs bigireatpiest psacespaplaelsp HEopr YobsBanPREVEEL XA dreesss, A2/ 0

process, Ba‘lf(ﬁn@ﬁ s, HOB&RX: ’HrU@EsPAé/@ﬁ ceMe@e@W% proddss AT eSS,

OMASA roce anox p ess, BCE ocess,
VBBR p%@g Ceéss (%CIEQ%CSS’ 5@%321 PEFCdt ti}&g PPIOEESs | I%HS nenbr ane

process, powiessy IDeghapongEssesanBCEF S prduicsyt MBBR heoess,. SBR process, AB
process, oxidation ditch process, biomembrane process, moving bed process and a
combination thereof.

In another aspect, the present invention further provides an apparatus for
sewage treatment by sludge reduction, the apparatus comprising: an aerobic
treatment zone such as an aeration basin, an anoxic treatment zone such as a
sedimentation basin and a sewage biotreatment zone, which are communicated in
order, characterized in that: the aerobic treatment zone has a sewage feed inlet, a
second sluge runback conduit communicating with the anoxic treatment zone, and
a first sluge runback conduit communicating with the sewage biotreatment zone,
and the apparatus for sewage biotreatment is disposed so that the total MLSS of
the second sludge discharged from the anoxic treatment zone is less than the total
MLSS of the first sludge circulated from the sewage biotreatment zone to the
aerobic treatment zone.

In another aspect, the present invention further provides an apparatus for



The inventors of the present invention surprisingly found that the above
nmet hod for sludge treatnent or sludge reduction treatnent can achieve a

| ong-term operation without sludge discharge and sl udge accurul ati on.
Hence, the nethod for sludge treatnenthgr sl udge reduction of the present
invention can essentially elimnate sludge discharge and thoroughly sol ve
t he probl ens of sl udge di scharge, and thus can bring about significant

soci al andsQ6e pefsid duct thod for sludge treatnent or
sl udge reductl on cane'taﬁjrseac%’we El I-BPI e Yﬁné?; sui t abl e met hods for sewage
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good qual i ty ?e’w & bl%ﬁ %%ﬁneegl%l g‘%af)?m?r}a(l)l %Vé%eanf B\Jetcg’ﬁs‘%{ﬁ?fcf'% &mal |
cost for feads, “dmﬁstSrwdlfonpenfdﬂmmgrlaerHmat vblte saupetriaggmt redicptiangle t o
shock |OaQ)tﬁ’é}%9/9%9fe%H§FH orhdind ding R f‘lata'@ﬂer digeqibove method for sl udge

treat nent or ?\éu duction 1s partlcu sulta for reformvarious
exi sting appa rﬁ"s‘“!‘ g ey EECh VB ‘-‘rhelétuﬁ%‘hfors‘?éfc&baﬂpg ag fegpi parcahiheirsteduce
and even tsﬁic@Hbyicletd mmaf(%l@{rgag@nﬂzwar ge. Brief Descri ptl on of the

Dr awi ngs tivate

t fl f I
sl udge proces® %eﬁ‘?rtff?“f@ :é?%at"}’}gmf? g\?%&afg]ﬁlcghﬁﬂggﬂg gﬂ e:éloﬁtb%na Fﬁgﬂ’ce of the
met hod forse@mdds@wigertmakm@ﬂte aroanc d\emtgldmthm present i nvention. Fig.3 is
h t f .
5 oL AT A P ST Ty SRR LB o

accor di ng of et fst %iﬂ@gfér@ﬂ i nventi on. Fig.4 is a schematic flow di agram

for anot her equatirasaalt s&onli NGudBRt 886 Ao SENRGE Y &%&rﬁa@glﬂgrthe%sihﬁﬁ met hod

for sewage bi ge reductlon according to the present
i nventionP RO?K[}ffi ?fcgnﬁ?éluag%chermtl c flow di agram of an oxidization ditch
process for stvagédingrtealomntmbudinadite of dic bpgaramt fod sé@dig@&wgﬁ:nt bé

{1 ow a agranpof A Qteoh hafrP LR hn, Y FRonfRispiagne it S fr el net ho
for sewagéo bir@@la@aatrﬂgmt @&@oprdfm@lvmttlmt 5 &s enorei precanablyrat least 70%,
more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 93%, more
preferably at least 95%, more preferably at least 98%, most preferably essentially
100% of the second sludge back to the aerobic treatment zone.

According to some embodiments of the apparatus for sewage treatment by
sludge reduction of the present invention, the first circulating device is disposed to
circulate at least 60%, preferably at least 65%, more preferably at least 70%, more
preferably at least 75%, more preferably at least 80%, more preferably at least
85%, more preferably at least 90%, more preferably at least 93%, more preferably
at least 95%, more preferably at least 98%, most preferably essentially 100% of
the first sludge back to the aerobic treatment zone.

According to some embodiments of the apparatus for sewage treatment by



Fig.7 is a schematic flow diagram of an AB process for sewage treatnent
suitable for the nethod for sewage biotreatnent according to the present

i nvention. Fig.8 is a schematic flow diagramof an A/0 process for
sewage treatnent suitable for the netjp(g_f or sewage bi otreatnment according
to the present invention. Fig.9 is schematic fl ow di agram of an A20
process for sewage treatnent suitable for the nethod for sewage .
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for sludge treatment or sludge reduction of the present invention can essentially
eliminate sludge discharge and thoroughly solve the problems of sludge discharge,
and thus can bring about significant social and economic benefits.

The above method for sludge treatment or sludge reduction can be readily
applied to any suitable methods for sewage biotreatment to form a new method for
sewage biotreatment. In particular, the residual sludge generated in the methods
for sewage biotreatment can be treated and digested by the method for sludge
treatment of the present invention. In addition, the water effluent (supernatant)
produced by the method for sludge treatment of the present invention usually is
neutral (i.e., pH = 6 to 8, especially 6.5 to 7.5), so that it can be subjected to
further sewage biotreatment without adjusting pH to obtain a purified water
effluent in conformity with effluent standard. More particularly, the method for
sewage biotreatment of the present invention can achieve good
phosphorus-removing effects even without sludge discharge.

In compared with conventional methods for sewage biotreatment, the new
method for sewage biotreatment can significantly reduce and even totally
eliminate sludge discharge, and have advantages of good sewage treatment effects
and good quality of water effluent, small floor space for constructs, small cost for



In the present invention, the term"sewage biotreatnent” refers to a
process in which the organic contam nants in sewage are converted into
stabl e and harnl ess substances by using the nmetabolismof mcroorgani sns.
According to the m croorganisms requirenent for oxygen, such processes can
be divided into aerobic biotreatnentf—gﬁéerobic bi otreat nent, etc.
According to the state of mi croorganisns in water, aerobic biotreatnent can
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activated sludge process is the nost popul ar process for sewage
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grow and pliapacet e, thereby purifying sewage. The basic flow of the
activated sludge process is shown in Fig.1 . The bi onenbrane process
conpri ses passing sewage through a solid packing on which a bionenbrane in
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aerating bivhkiibher. an any conbinations thereof. In the present

i nvention, t erm"sludge" ;refers to any sludge that contains activated
sl udge gener &t ﬁdiép@%mgﬁbﬂBWb1?@@?h@§@”p?§c%%§?“ﬁﬁ%fﬁE@gqéﬁﬁﬂn@Fudge is
a floc foguediowfoh hegattissts fbn sewggebiohmhont Cogordiags toraher pieghtvar i ous
nicroorgaﬂk%gﬁo uch as aerobic bacteria, anaerobic bacteria and facultative
bacteria, "as wel'l as fungi, alga, protozoa, etc. Wth the acclimatization
and envi r onnghigdl ischeghgmatichitow aliagrem off an ddOgpirvicess for cewsge trestmage al so
change i ngamputoANile PHRBAI 18P 204 Svﬁ%u‘éﬁﬂ?ﬁen@“&&;o!rcﬂﬂ | i qhdefretdheadapt
survivabl e environnent. Accordi ng tg t he sources o se%ages, t'he exanpl es
of sewageldV€BWYFi se: a sludge from a secondary sedi mentation basin of an
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chem cal sedinentation basin (alsg called chemcal sludge), etc. According
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conpr i sessewagwbidttedgaemtractorelbly ®l the@ecséht i@ventivil. r eat ed sl udge) ,
concentrated sludge, digested sludge, dewatered sludge, dry sludge, etc.
The sludge in the present invention can be any one of the above sludge or a
conbi nati on thereof, especially a residual sludge having a water content of
at |east 90% preferably at |least 95% nore preferably at |east 97% and
preferably a fresh sl udge. In the present invention, the term"m xed
liquor"” refers to a mxture forned with the above sludge and water, and is
as called as "m xture of sludge and water" or "m xed |iquor of sludge and
water". Suitable m xed |liquor has a good sedi nentation property, and
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In the present invention, the term"concentrated m xed liquor" refers to a
m xed | iquor that has an el evated concentration of sludge and is obtained
by separating the above m xed liquor to renove at |east part of water. In
sonme cases, the term"concentrated mxed liquor” is also called as sludge,
for exanpl e, "first concentrated m xed liquor” may also be called as "first
sludge”. The "separating” step can be achieved by sedinmentation,
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treatment, the grow h of anaerobes and facultative organisns is enhanced,
whi | e aerobes are inhibited. In the present invention, the term "sl udge
content” usually refers to the content of solids or suspended solids in a
sl udge or sewage or a mxed liquor or a concentrated m xed liquor. In
general, the solids or suspended solids nainly conprise organi snms or
organlc soI|d substances (|nclud|ng blodegradable and ~non- blodegradable
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-23 - the present invention can digest the sludge in the sludge feed so as
to reduce the anmount of sludge. In a preferable enbodi nent, the nmethod for
sl udge treatnent of the present invention can run for a |ong term w t hout

di schargi ng any sludge when a sl udge feed i s continuously added, thereby
removi ng sludge discharge. In addrtrorr1 ‘the inventors of the present
invention also surprisingly find that even when the sludge feed contains a
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usually c g 6 I a al |
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resi dual @crrnnrg%ng mlcrcfpr@anmm@ri fnatery| auslydge froat mmormiarx B@hmeet@enn

i nvention 1'3%&5&' Sbfahnﬁldr&rﬁbﬁﬁét %Qﬂg?alséocélw a%hﬁuﬁr@é‘cﬁﬂ&g@t fn%ihl?f wat er
sol ubl e or ani.¢s IC@ fhe di schar ed su era gnt i'S. not re trrcted nd can be

of a relaf %“%ln&r Fidiays Promeiabrags), 44y erwrr@ssprt 1pg ih3gin; plea
propagat i sswapt fredtareantpdars @Mi ehllal aBepSitlm s@(ﬁmﬁfatl@ﬁnﬁndgé Sﬂﬁhﬂ;’is

aeration e possibility. of slud

oxygen- suépgqt“@ﬁsﬁrégt Lgt ?@ﬁfﬂcgu%rf’fl Ry et Iahsg%félg &BW g PeEeiGel y hi gh
| evel of westenvhter teglareng pradeso(ghscowdlltd @Ldlgasmpersiudgatarrmamb:e flodga@)r gani sns,
fornms a better environnent facilitating the netabolism propagation and
programmed cell death of organi sns. In addition, in the nmethod for

sl udge treatnment of the present invention, the sludge alternatively and
repeat edl y experiences oxygen-supplying treatnment and anoxi c treatnent,
which facilitates the propagation of zooglea and inproves sedi nentation
rate of sludge and clarifying effects. Hence, the method for sl udge
treatnment can achieve a relatively high sludge concentration w thout sl udge
bul ki ng. Further since the nost or even aII of the fi rst concentrat ed
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-25 - In sum in the nethod for sludge treatnent of the present
invention, the sludge in the mxed |liquor has good sedinentation property
and | ow oxygen demand (such as aeration rate) and can degrade vari ous
organi ¢ substances (including dead orggnism to formwater soluble

subst ances or gaseous substances, so tfrat the mixed |iquor can have a
relatively high sludge concentration to allow the floras of organismat a
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In some enbodi ments of the method for sludge treatnment of the present
invention, the oxygen-supplying treatment tine of the step (2) is less than
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| ess than the generation cycle of ae[%ng m croorgani sm such as |ess than
5 hours), and the anoxic treatnent ti of the step (3) is less than the
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- 30- In sonme enbodi ments, in order to allow that the sludge undergoes
sufficient anoxic treatnent so that facultative m croorgani sns becone

dom nant col ony and the digestion and hydrol ysis of sludge is pronoted, the
third m xed |iquor can be deoxygenated, petween the step (2) and the step
(3). For exanple, the deoxygenation c be perfornmed by using a degassing
basin, in which oxygen-containing bubbles float upward fromthe m xed
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I n anot her aspect, the present invention further provides a nmethod for
sewage biotreatnent, conprising: (1) Mxing a sludge feed froma sewage
bi otreat ment process with a first mxed |iquor to obtain a second m xed

i quor; -32- (2) Subjecting the 3;2‘ econd m xed |iquor to an
oxygen-suppl ying process to obtain a tfird mixed |iquor; (3)
Subjecting the third mxed liquor to an anoxic process to obtain a fourth

m xed |iquge; l'plresent 1n@é%t1(§??ﬁ{ gftg'e&gthg @ﬁkd:ggl‘lﬁéﬂe Mgg f«lsédqéipﬁs fp re(am{%'t}ﬂa a
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It can be seeWithoat bting lnieEbtq &)y theofisy, the immentres alf theeprestrtddvémsions| udge
treatment htd ?ﬁleofe?{?(ﬁﬂtthéﬂqt‘ﬁg %étﬁ@d prHﬁd%é H@atﬁ%%@%@t %ﬁfﬁ%ﬂ%ntl on

bi ot r eat ment esent _1nvention is Ication of the

net hod f orcag mm&é atlp@&i%mwtb(puttdwhsrgé%ﬁﬂpdg%@@rﬂs|f@HOWﬁ sewage

PI ot lr-eat {rent Flﬁtl}ﬁﬂ 1&{&%@1@%% iondt;hﬁﬁﬁ'ﬁélgﬁfé irﬁ@ufﬂtﬁdaffth%&ffa Sféliﬂf elsleudge
reat ment .usua on a.relative cen [ S
organic cd%f 'f‘@t Oﬁ?@géﬁ‘é@r‘? E é‘é‘ﬂ S}”@I‘?O‘Blf] © Buxed, HEYy Werldat ed t o
nmeet di schmrg@e&bandmﬂgf batvetsr, fmpraeumas;mlershIdge coacggsation is dmemlxedh

mbodi
enmbodi nentl%]gf)lasé}ge K ea}SFﬂg}e%?é %ﬂt&%ﬁﬁg bl rfaf}fia "s%Pa fre]xémve h gﬂﬂtev%l € st eps

net hod for I nven ion forne
(1) to (5Yusaa aWéahl@ eanraeg gndmelst dlslr@g@ s@blebﬁmnrr@aﬁhﬁemomf@r%udgﬁrems ewage

bi ot r eat m%%terﬂfes&é?ﬁaﬁ& %Hclﬁzﬁl)ge 'H%'fhcé Sit H5E0k aSenfeFREORd o?%zﬁ‘ﬂﬁ'n ?foras in
bi ot r eat nent , sewage furt her Iﬂger goes the first stage of

bi ot r eat menft | n“t%e élHH?Ii F?e°£ dpalanecatiate olhdigestion and&raAWiiaric-i téleu%f‘éWas a
feed and thedsed abyuhhef ﬁe@gm(dnélu@lhgelaé amahnﬁ@f@diu@l in thhslugpe fdedegidvat er

ffl f b fied wa f | | f
and oot s U CORMRG Vel pBtiahd B efV Lo fhiantiRit e WP HIER il ge™ ©

(i.e., t héﬁeswdomd googgnifrshided qauseadby deﬂ,tbra)ldghg@nanexﬂ organidmes sacload st age
bi ot r eat MgPha HRAIPSHaEIREd state, so that there is not a net increment of amount of
sludge.

In known sewage biotreatment processes, there is always a residual sludge
discharge due to the propagation of organisms, whether a sludge from a secondary
sedimentation basin returns or not to the upstream of process. As for the whole
process, the amount of sludge discharged is always greater than the amount of
sludge added. In addition, since the concentration of water soluble organics in the
water effluent from second basin must be at a relatively low level to meet the
requirements of water discharge, a sufficiently high aeration rate and a sufficiently
long period of aeration time must be adopted to reduce the concentration of
soluble organics in water. However, under aerobic conditions, a low concentration
of organics usually facilitates the propagation of filamentous colony, thereby



-33- as the sludge feed and digested in the first stage of biotreatnent,
thereby facilitating the reduction or even elimnation of sludge discharge
of the whole sewage treatnent process. In sone enbodinents, a sewage feed
is introduced in the step (6), so that in view of the sewage feed, the
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Fig.4 is a schematic fl ow di agram for another enbodi mrent of the method for
- 35 - sewage biotreatnent according to the present invention, in which the
terms have the sane meanings as those of Fig.3, and "sludge" represents a
sl udge feed from another source. ?19_5 is a schematic flow di agram of
an oxidi zation ditch process, whi ch caf be used as the sewage biotreatnent
process of the step (6), in which "sewage feed" can conprise the
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const r uct tlor nedriiagémef sludge feed is 1ntr0duced in the construct or container and the
above steps are repeated. In the step (5), the supernatant can be discharged by a
device capable of discharging the supernatant, such as a drain pipe. The use of this
sequencing manner has advantages of reducing floor space and construction cost.
In some cases, the oxygen-supplying treatment of the step (2) and the anoxic
treatment of the step (3) can be repeated once or more before separation of the step
(4).

In some embodiments, in the method for sludge treatment of the present
invention, the oxygen-supplying treatment of the step (2) and the anoxic treatment
of the step (3) can be performed in different constructs or containers in a
semi-continuous or continuous manner. For example, the steps (1) to (5) can be
preformed in different constructs in a semi-continuous (i.e., some of the steps are
performed in continuous manner while some other steps are performed in
intermittent manner) or continuous manner, in which in the step (1), a sludge feed
is intermittently or continuously introduced in a first construct and mixed with a



-36- suitable for mxing the sludge feed and the m xed |iquor. The second
device can by the sane or different device fromthe first device. For
exanpl e, the second device can be a device being in fluid conmuni cation
with the first device and allowi ng the contact between the
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In sonme enbodi nents, the apparatus for sludge treatnent can further
conprise a recovery device for collecting and recoveri ng gaseous - 38-
phosphor us- cont ai ni ng conmpounds. For exanple, the recovery device can be in
fluid communication with the second gg,}ge and/or the third device to
recover the gaseous phosphorus-contai nt’ng conpounds generated in the second
device and/or third device. In some enmbodinents, the recovery device can be
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microorganisms become dominant colony (for example, less than the generation
cycle of aerobic microorganism, such as less than about 40 hours) so that
facultative microorganisms become dominant colony. Without being limited by



I n one enbodi nent of the system for sewage treatnent by sludge reduction
according to the present invention, the residual sludge pipe conveys total

residual sludge to the sludge di gestion apparatus. I n one enbodi nent of
the system for sewage treatnent by slugge reduction according to the
present invention, the sludge digesti apparatus conpri ses an anaerobic

sedi ment ation apparatus, wherein the anaerobic sedinentation apparatus
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than for example 6 hours so that anaerobic microorganisms would not become a

dominant colony and the size of apparatus can be advantageously reduced, while
in the meantime, the anoxic treatment time of the step (3) can be greater than for
example 0.1 hours so that facultative microorganisms can sufficient propagate and
aerobic microorganisms are inhibited to allow facultative microorganisms become
dominant colony. The anoxic treatment time can be 0.8 to 6 hours, preferably 1 to
4 hours, more preferably 1 to 3 hours, for example, 0.8 to 1 hours, 1 to 1.2 hours,
1.2 to 1.4 hours, 1.4 to 1.6 hours, 1.6 to 1.8 hours, 1.8 to 2 hours, 2 to 2.5 hours,
2.5 to 3 hours, 3 to 3.5 hours, 3.5 to 4 hours, 4 to 4.5 hours, 4.5 to 5 hours, 5 to 5.5
hours or 5.5 to 6 hours. In some embodiments, the anoxic treatment of the step (3)
is performed in sedimentation manner. When the anoxic treatment is performed in
sedimentation manner, the anoxic treatment time can be advantageous greater than
0.5 hours, especially greater than 1 hour, so that the sedimentation can be
completed sufficiently, and the anoxic treatment time can also be less than 4 hours



I n one enbodi nent of the system for sewage treatnent by sludge reduction
according to the present invention, the conventional sewage treatnent
apparatus conprises an aerobic reaction apparatus and a sedi nentation
apparatus connected in series, wherein {he sedinentation apparatus
conprises a second sludge return pipe @nd a residual sludge pipe, and the
second sludge return pipe is in connection with an anaerobic reaction
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In some embodiments, the sludge feed is subjected to an oxygen-supplying
treatment before the step (1). Without being limited to any theory, it is considered
that this facilitates that facultative microorganisms become dominant colony. In
addition, when the sludge feed is from a secondary sedimentation basin of
activated process, since the content of organic substances in such sludge feed is
relatively low, the microorganisms in the sludge feed during the oxygen-supplying
treatment would mainly undergo endogenous digestion thereby reducing the
amount of sludge. In the meantime, such oxygen-supplying treatment can also
reduce the oxygen demand (such as aeration rate) of the oxygen-supplying
treatment of the step (2); thereby further reducing the risk of occurring sludge
bulking. In some embodiments, the oxygen-supplying treatment time of the sludge
feed can be 0.1 to 0.5 hours, 0.5 to 1 hours, 1 to 1.5 hours, 1.5 to 2 hours or 2 to
2.5 hours, and the dissolved oxygen content of the such treated sludge feed can be
0.1 to 0.5mg/L, 0.5 to Img/L, 1 to 1.5mg/L, 1.5 to 2mg/L, 2 to 2.5mg/L, 2.5 to
3mg/L, 3 to 3.5mg/L or 3.5 to 4mg/l.. In some embodiments, such
oxygen-supplying treatment is performed in intermittent or continuous manner, for
example, in a manner of intermittent aeration or continuous aeration.



b) Subjecting the sewage after the sludge digestion reaction to a

conventional sewage treatnent; and c) Discharging the sewage after the
conventional sewage treatnent, and returning and subjecting a residual

sl udge generated during the conventiongl sewage treatnment to the sludge

di gestion reaction. I n one enbodi t of the nmethod for sewage

treatment by sludge reduction according to the present invention, the
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more. In some cases, the sludge feed can also be low water content sludge such as

dry sludge, as well as a mixture thereof with water, sewage, organic nutrients or

other sludge feeds.

According to some embodiments of the method for sludge treatment of the
present invention, a sewage feed can also be introduced to the step (1) and mixed
with the first mixed liquor. In the presence of the sewage feed, the flow rate ratio
of the sludge feed to the sewage feed in the step (1) can be 1:100 to 1:50, 1:50 to
1:20, 1:20 to 1:10, 1:10 to 1:5, 1:5 to 1:2, 1:2 to 1:1.5, 1:1.5 to 1:1, 1:1 to 1:0.8,
1:0.8 to 1:0.5, 1:0.5 to 1:0.2, 1:0.2 to 1:0.1, 1:0.1 to 1:0.05, 1:0.05 to 1:0.02 or
1:0.02 to 1:0.01.

In some embodiments, the second mixed liquor in the step (2) has a sludge
volume index (SVI, usually expressed as SVIs,, which refers to the volume
occupied by 1 g of activated sludge solid after 1000 mL of the mixed liquor stands
in a 1000mL volumetric cylinder for 30 minutes, the unit thereof is mL/g) that is
less than the minimum SVI that sludge bulking occurs during aeration, for



I n one enbodi nent of the nethod for sewage treatnent by sludge reduction
according to the present invention, the m xture of sewage and sl udge after
t he high concentration sludge reaction is subjected to a deoxygenati on
prior to the anaerobic sedinentation. I n one enbodi ment of the nethod
for sewage treatnent by sludge reducfﬁﬂﬁ_according to the present

i nvention, the residual sludge is subjected to sludge aeration prior to the
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1.5-2.5 hyrecovery step can be any suitable processes for recovering gaseous
phosphorus-containing compounds, for example, a process capable of converting
gaseous phosphorus-containing compounds into liquid or solid substances, for
example, the gaseous phosphorus-containing compounds can be frozen, absorbed
with an absorber via physical and/or chemical absorption. The absorber can be any
substances capable of dissolving the gaseous phosphorus-containing compounds
or substances capable of reacting with the gaseous phosphorus-containing
compounds. For example, the substances capable of absorbing gaseous
phosphorus-containing compounds include potassium permanganate solution, a
mixed solution of potassium permanganate and caustic alkali, a ferric chloride
solution, a sodium hypobromite solution, etc. As for hydrogen phosphide, it can be
absorbed by using activated carbon as absorber, or oxidized with ozone to form
low toxic substances, or burned under controlled combustion conditions.
In another aspect, the present invention further provides a method for sewage
biotreatment, comprising;:
(1) Mixing a sludge feed from a sewage biotreatment process with a first
mixed liquor to obtain a second mixed liquor;



In further another aspect, the present invention provides a systemfor
sewage treatnent by sludge reduction, conprising: a high concentration

sl udge reaction apparatus, an anaerobic sedi nentation apparatus and a
conventional sewage treatnent apparat connected in series, wherein the
anaer obi ¢ sedi nent ati on apparatus has & sludge return pipe in connection
with the high concentration sludge reaction apparatus, the conventi onal
sewage treat t e5i LPe i 1O, With
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sedi nent ati on apparatus dj rect oW | nto oncentrat1 on~sl udge
reaction fentraten pkselyble orgppiggeontamiapntsethgt supamatiah usyallysshawd bene hi gh

clongent r ﬁfdrﬂﬁr $lebitdd @0 hRRE HiseRarbasiaNdaad safeifor \éhio@nbhtX Hehee, 3h s@wage and
sl udge thor

hl I ul ar,, thi h ti | ud
reaction gg@%%n}%tsoﬁeﬁeg{aga [%gqr ia?clglgl%a't“fe\fie’lgyt h%ﬁcﬁﬁﬁ%ﬁ{a&fﬁggﬂwﬁ@ {%gn in an
anaer obi céladgobiatmennoé therpteherd iahenttonhfodmad |wich thet sops O tbi (5@ cat bet he
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to reaction together with sewage and residual sludge. A non-clogging sludge
punp can be enployed to realize the cycle of sludge. In one enbodi nent of
the present invention, there is a deoxygenation apparatus between the high
concentration sludge reaction apparatus and the anaerobi c sedi nentation
apparatus, the m xture of sewage and sludge -45 -



flows into the aerobic sedinentation basin after deoxygenation so as to
prevent dissol ved-oxygen from being introduced into the aerobic

sedi mentati on basin and influencing the anaerobic reaction. An aer obi c
reacti on apparatus, i.e. an aerobic ba:i'ssl n is then connected to the aerobic
sedi nentation tank. The aerobic basin s preferably of a plug flow type

with a baffle dlsposedthereln or in conplete mxing type, wherein the
sl udge frop yhe frEb ajy a t
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envi r onnent Woaﬂlggrter} & 1t Sormisnraes dreatment TeBt dvradopyBact erj al
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USA process |s capabl e reducing t anount of enerate
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of renovi pfresithmhiladgd dddd@@nchieve bEtier SBitneaséffecdld the hi gh concentration
sl udge reacti r.e connecte Wi I h resi duyal sl udg and t he

basi e
generated red Pgharmﬁ‘éﬁ%‘ﬁé%r VRS T @Sﬂtaf)% PG JPYTHOE tlfc>8’te
concent r afdednis shtnatheed éaiot hash thastep (d) andiéhd siepgay, tthotatichel &;esstee\rmge The
SR bas! NrfRERELE o WPSSEL £) RPELALALLL TRFAAL Sho3R, LAR!(e) B, BBRnpasi n car
be operate t consta ah viar @ n a continuous and
cycl e manfsi e§y§t0ért¢r|t§ t@ﬂ%}ﬁ@b@l lapds wftsryr%tt:maand emparzatth@ effectbrodm t he
hi gh sl ud@goje@awaggbmbﬂnérg t he SBR tank are connected in series in order

of hei ght decreasin t hereby the se sel f-flow upon gravity to
reduce the nﬁﬂﬁ@rl 5%‘ttqdh@§nt?’oﬁheISFWf‘g?l H%a \é?\‘ﬂa%?é?o&ﬂéf‘ %5@1%8%%% ener gy.

Mor eover , step cdbiSieet it egmtiehqtm)mcdfutle istepepl Qmedavaryeaigﬂi shudge ment
unit, and S 1 eat amount of
pi pes. and RErrARERE AR RRb il ol ARHHE SapiR 1B i Rne?

meanwhi | efeed he teraviagle wates QW\ atld@on‘eaunama bpfer meargingd dive Iagtovbudgel pl ug
flow but in a conplex flow state of conpletely mxing in different regions,
such that the treatnment effect can be ensured. I n one enbodi ment of the
present invention, the sludge digestion reaction conprises subjecting the
m xture of sewage and sludge to a high concentration sludge reaction,
wherein the high concentration sludge reaction has a hydraulic retention
time of 1.5-3.0 h, such as 2 h or 2.5 h, an outlet dissolved oxygen
concentration of 1-1.5 ng/L 1.5-2 ng/L, 2-2.5 ng/L or 2.5-3 ng/L, and a
sludge concentratlon of 4, 000- 20, 000 ng/L such as 4,000 ng/L 6, 000 ng/ L,
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The m xture of sludge and the pre-treated sewage is subjected to a sludge
digestion reaction, in particular, the mxture enters into the high
concentration -47- sludge reaction basin to undergo aeration, in the
meanwhi | e, the sewage is sufficientl L%‘i_xed with the residual sludge
returned fromthe SBR basin and the sl-Udge returned fromthe anaerobic
sedi nentation tank, preferably, the residual sludge is firstly subjected to
aeration idynb8frdiRel 48! cabl YlAFerdR Rla8n LAk to tcﬁ'ﬁéﬁ%%ﬁlﬁﬁﬁl LA Oint g hi gh
concentration slydge reaction tank, alternatively the re5|8ua sl udge may
directly e¥Pépe| #’F eHecthiedn ewhcognidlat pad s9megesuatiyc opardiedegradahie hout
aeration, dubstantdsctan alstby pradudliydedrideEaRaicgrdiablensubBingts! gfetdy ent er
into the hllgg)rkrl clon(%ﬁnt{fati OE sl u e leac io(g t an and P” resi dual “sl udge
may pref er 3BF 9V PR RUTES PhECHIGThI CmEBh PHG4n e Pefg el Pses; Brtmanl
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10, 000 ng/ , , /. S 1 0 nu/ 18, 000
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for exarrpllgf)%g&'hgﬁﬁ%ﬁnl% h‘é{Hert fhgre s & siedsinendll caepn suEee dpadgether eat nent

process bymBalantd ofsario cont@hiraats iviedeyvags Tasnt essiibdl< aadeh tsyuRk, tdie system
Furt h concentrati activated sludge
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basi n i n Brasesst iMUSUs papressy ¥R praerser OWAS Anpsacasse JIBidgecdss, TINCWHI gh
concent I ahigatsss INBan €760 BRTNpHILIR! MASBRAGIARLS. PBRCARRess, 3 and
anaer obi ¢ process. I.ternagl vel y atIH]IO tg&xtl me, thus néither aerobic

m cr oor gaRioSH: RIdatiAR diGh areEise HPBCBI§EnPORESSe I VRS Bed BENFEARPT de, and

t her ef or ecdrheinhyoli tHeysifs process of the residual sludge is conpleted to the
maxi num ext ent . cranol.ecul.ar argani ¢ subst.ances .can be, bi.odegr aded
into small mol&duad S%i?eé%%fcc oW, dfegrim s Of))fmh%%ﬁ&%qn ,Ofatﬁa DRIBOL Hf9F |

nol ecul arseyraganbtwatntninee®rgingdte efiet hresergh itmedtiohy s s whidhc d'dludge

bi o- degr i » r AN rabi ndi tions
PR U S S e e S S S e T

i e., orgArAtReRhAeRIing o e BEESHYL Nentign dge TRIrG) yoi(2), Tenavertemlc car bon
cag i ncr e?ﬁ@gd llfﬂ&tﬁlfefli aéﬁwyregfesa;mlt ﬂy%unhsle@gwﬁgé 8RRt f@%@i@%’gﬁ@d}él y and
reduce extern carhon source. 's a.co n enorenon r .urban sewage

t r eat ment g% “ngglte SERase EWGB?H%PB%%F@&Q@J&PII aj ﬁi‘é‘é&‘“’t"' uéspoor

ef fect ofrepmvevs tige savondicancdntmaoglemn ixXeddiquor bizat is evaas théiudgdehieed af bon
source isthglgﬁ;gg?%, ener gy | eakage occurs, which is so called the

uncoupl i ng phenofrenon, rendering |low utilization of substrate. The
retention ti Hie-ofs @lselmy@tmeﬁ@mgagrm for eeotheeembodinens ofi thgemethodrfoi ng, t hus
i nert substances can be deconposed by uncoupling effect. The deconposition
of inorganic substances in the residual sludge is achieved by

chenpaut ot rophi ¢ bacteria and the deconposition of organic substances in
the residual sludge is achieved by chenoheterotrophic bacteria, so that the
accunmul ation of inert substance will not occurs in the system thereby
realizing the zero discharge of residual sludge of urban sewage treatnent

pl ant. Experinments shows that the sludge returned fromthe anaerobic

sedi nentati on basin and the residual sludge produced in the conventi onal

o o o " o, - " o, . o v o - "



-49- apparatus and di scharged. The sedi mentati on apparatus is preferably a
SBR tank. The sludge in the SBR basin returns to the anaerobic basin in a
reflux rate of 0.5-1Q while the residual sludge returns to the high
concentration sludge reaction tank. Begause the organi c substances in the
sewage entering into the SBR basin have’ been effectivel y deconposed, the
water quality is stable. The deconposition of the organic substances in the

sewage would pe Htgfetﬁ&ﬁDA&Bgiégg t&‘Eh@ﬁe@éﬂt?ﬂvén@tohhﬁvh%ggl?ﬁ%ktmﬁé‘ addi tion,

a clear an hirgh-density slu asin urlng

per i odi cal thg SAE dneasdRgsedst thosoAL %n%l %‘Ida;ﬁgld@e seraesntsy ghgae fieed fram on to

i nprove vvaetne,[heg@alhméy and denitri f| catl on. The SBR basin enploys a sludge
concentrati on_of - 20,00 ssol ed 0X n concentlwtl on of 2-4
oL ot ot B heria ey i e i P s VHgh i per
one peri ochd uset he tiEBRwags bivtfedtmemtprodeas st ﬁtelsbe;ﬁ(@()l,l imentiah F*‘sswagefeedewage i s

subj ect ed i Kk onst ant
wat er | eve({aﬂd'% rai ﬁas'% tfl}f gﬁ%‘%t} qtngf gl%%‘%w%?&edfdgr aéblge&%ee %e%& gnd‘l"’tiltlleéglétiH%lgr obi c
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sl udge. A&aﬁethe@@nmmeamngg&thbgz%ﬁﬁgﬁ the ener gy reqw red to formATP is
fromthe oxid on S Xt er nal i.c substance tr|x When t he
aerobic m croF%gra-} Ahi' SBBQI%F%Z ﬂ% e?lagﬁ rogbet oRHEP o Y Me8he Eec?ﬁtBS%tl tion of
organi c su’ﬁstﬂan@@be |used:@$rﬁtee‘tee\ragedmbtf@tmnnt 6ff i stapaf6)oin whizhabe odvits

deconposi tﬂaggtheagaqletrggmﬁﬁése%stﬁ Seecgﬁlgx decreases significantly. The
m cro- organi sps per se not. have enough energy for their growth and have

to enpl oy thel'& lssﬁéP]@dnfitW tlawi diagigay oh aneWE) giocstnfrysemsectirRaiteRior mal
physi ol ogivadth agt byiuké®ss thEhésvagt Motfebiinghtosede iskepc@)) & WhichRBe terms

m cro- org%tral H% of this. gtaqgg iS¢ grred in a great anount, so that the
amount of I SHBGSNFENNES PR %f&nl% decreasing. |f bio-synthesis is
carried out afigthissa schumativefiessdingrasnef gy K oprovgshis dewvage tratmemd out
for the Mfigs ehoBRNSPas e £l %1& %ﬁt&r&%@t & d(%ge'ttttvmcmh% ells,

t he synthesis roce ont | NUOUS hus,
when t he ﬁ*ﬁ%@@féﬁ@&ﬁn%@@&ﬁst géat amount of ATP and re- ent er into

t h;e aer OPihC beigi 10 1watstahaﬁamdﬁ@tvt 2 éxhtq[f%ﬁ MEBR ﬁ%@ég@f@f&% n&aﬁﬁéfmha\/ebt 0
satisfy i.r. ene uj.remen ro ogenou estion by

t he di ssi Pﬁ%‘%‘t ?%h{’%/l “é’tee%l the SSW@EG %?@/‘%ﬁpﬁﬁt%’ (gﬁt r‘ﬁ]éltcﬁéﬁ g“ﬁﬁ‘énces t he
di ssi m | ahavntheisagk eas@dngshae tlemuercg")mglﬁcoupl ing and reduces the sludge
producti on. e o} unction of h

acidificati o-rlligan | ncrsg)ggtels%ﬁl?s t?ges%hts evern :f;i att;f?lftk?glpgfw%?vﬁ% paraéé for

Hence, t heludgpareatment fusefus Illuldlgeab@\@atrw&w f@e cbrdge rtgeatmemtheompesmgt a

i nventi onfirg dRIdel GYpSREL Yof FUQ n%bt SelBod EdeQr atsrtgdg\ﬁafew%d% ﬁ%§t'rﬂg<eact | vat ed

sl udge sewage tr atment a(ﬁvrat For~ exam e apparatus for sludge
treat ment 18‘1;‘0rttﬁ fﬁ”éé‘éﬁ?or} B‘??Eilltﬁ\loéa?nseﬁén%éﬂlﬁe é}sgggedt@r gwbjesting theg sewage

t r eat ment seppamnaiked ligeer tbfh@toﬁy@@n-rs@ﬁplgﬂ-i@ protesd 96 obfairt A ehifKinstddgqurnage
t r eat ment %EEE r.at.us e sl,udge feed parat us for sludge

f th
treat nent dpyige gtfﬁ)(gf‘eﬁ?&)ér‘?tlb@ cdRe i f?éloég?)ﬁﬁépﬁ§lcfﬁchesSPudge
t r eat ment ta ebtametclfcasttempeﬁdthmforsemw ﬁe&ede drs;iosetdtﬁoodepmatmglttm fohethexi sti ng
sewage treatdenty AREYLBENS: sul g@ ¢ hE aaﬁtQ?E@ﬁcléﬁtr{ltlga @&Qgﬁtﬁu& SeRARNt of
t he present |nv ntion can essentrally eli ate esi dual sl udge
di schar gede\igodisporedder dischrjeivahy éunqr@%tamfémulém@draaw@ deyiret disposethe

reforned appafuatidg avdakt pat oditgChat QSné‘én%ﬂﬁl mtxtdtlttﬁmt*%@rtﬁé PRt hik8d
super nat t COI’lt@ll n g a rel at veI | ar rgol H g egr adabl e grganics
will adva QULRy P QFYIF?asf’e S THB IO UGge gd h IBICPEREHE Y us t hat
mi%/f not bmlxeetrmqlﬁd thyt tioes a«im mjmm?toama%?t ldlSViwhﬁSt lesarihan tB@lahgﬁl(rjlt ®fnot
sufficien ularly favorable to the treatnment o onestic
sewage fr%%%yéﬁh&uﬁg%%e% ally has a relatively low COD. If the sewage
feed is firstnypomst pobodiseeninttbetiinst dppiae atansbé any standigactt preaomeiner of t he
present invention, the high concentration sludge in the new apparatus for
sl udge treatnent can di gest and degrade contami nants in the sewage feed
rapidly and efficiently, thereby further inproving the efficiency and
effects of sewage treatnment. Exanple 1: In the exanple, t represents ton;
DS represents dry sludge; nB represents cubic neter; d represents day; and
COD represents chem cal oxygen denmand. Apparatus and design paraneters:
According to the nethod for sludge treatnent and the nethod for sewage
treat ment of the present i nvention, a sewage treatnent plant having a
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The running of this sewage treatnment plant fromJuly 2008 to now shows t hat
the sludge yield is naintained at a | evel of about O tDS/ (10, 000n8
sewage. d), and thus realizes zero discharge of sludge. As a conparison, a
sewage treatnent plant of an adj acent__%ély that treats simlar sewage

usual ly gives a sludge yield of 1.04 t0 1.64 tDS/(lO 000n8 sewage. day),
and an average value of 1.25 tDS/(10,000n8 sewage The quality of
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nitrogen ( onstr ctzgp contaéllner such as sedimentation basin) capable of essentially

preventing the contact between the oxygen-containing gas and the mixed liquor
and running in a continuous or semi-continuous manner. The fourth device can be
the same device as the first device, second device and third device, or the fourth
device can be the same device as the third device only, in which the separation
between the supernatant and the first concentrated mixed liquor can be performed
by for example sedimentation without aeration and/or stirring and run in a
sequencing manner; or the fourth device can be an independent device being in
liquid communication with the third device and allowing the separation between
the supernatant and the first concentrated mixed liquor, for example, an
independent sedimentation basin, a centrifugal machine or a filter (running in a
continuous or semi-continuous manner). The fifth device can be any device
capable of removing the supernatant from the fourth device, such as drain outlet,
drain pipe, drawer, etc. The sixth device can be the same device as the first device,
second device, third device and fourth device (running in a sequencing manner); or
an independent device capable of conveying at least part of the first concentrated
mixed liquor from the fourth device to the first device, for example, a reflux pipe
having a pump and a valve and being in liquid communication with the first device
and the fourth device (running in a continuous or semi-continuous manner). The
sixth device may optionally have a device such as a drain outlet or pipe with a
valve to discharge the residual part of the first concentrated mixed liquor so that
the amount of sludge of the first concentrated mixed liquor that does not return to
the first device can be controlled being less than the amount of sludge of the
sludge feed.

In some embodiments, the second device can be an aeration basin,
oxidization ditch, fluidized bed, moving bed or membrane device, preferably an
aeration basin, more preferably a plug flow aeration basin. The third device can
preferably be a sedimentation basin, more preferably a plug flow sedimentation
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basin.

In some embodiments, the apparatus for sludge treatment can further
comprise a device in fluid communication with the first device and capable of
performing oxygen-supplying treatment of the sludge feed, such as a sludge
pre-aeration device.

In some embodiments, the apparatus for sludge treatment can further
comprise a deoxygenation device such as deoxygenation basin in liquid
communication with the second device and the third device and capable of
performing deoxygenation of the mixed liquor.

In some embodiments, the second device is disposed to have an
oxygen-supplying treatment time of 0.1 to 0.2 hours, 0.2 to 0.3 hours, 0.3 to 0.4
hours, 0.4 to 0.5 hours, 0.5 to 0.6 hours, 0.6 to 0.8 hours, 0.8 to 1 hours, 1 to 1.2
hours, 1.2 to 1.5 hours, 1.5 to 1.8 hours, 1.8 to 2 hours, 2 to 2.2 hours, 2.2 to 2.5
hours, 2.5 to 3 hours or 3.5 to 4 hours, preferably 1.5 to 3 hours. For example,
when the second device runs in a continuous manner, the working volume of the
second device can be determined according to the flow rate of the second mixed
liquor in the second device and using the desired oxygen-supplying treatment time
as the retention time of the second mixed liquor.

In some embodiments, the third device is disposed to have an anoxic
treatment time of 0.8 to 1 hours, 1 to 1.2 hours, 1.2 to 1.4 hours, 1.4 to 1.6 hours,
1.6 to 1.8 hours, 1.8 to 2 hours, 2 to 2.5 hours, 2.5 to 3 hours, 3 to 3.5 hours, 3.5 to
4 hours, 4 to 4.5 hours, 4.5 to 5 hours, 5 to 5.5 hours or 5.5 to 6 hours, preferably 3
to 4 hours. For example, when the third device runs in a continuous manner, the
working volume of the third device can be determined according to the flow rate
of the third mixed liquor in the third device and using the desired anoxic treatment
time as the retention time of the third mixed liquor.

In some cases, the second device and the third device are disposed to have a
ratio of the oxygen-supplying treatment time to the anoxic treatment time being
1:05t0 1:1, 1:1 to 1:1.5, 1:1.5to 1: 2, 1:2 to 1:2.5, 1:2.5 to 1:3, 1:3 to 1:3.6, 1:3.6
to 1:4, 1:4 to 1:4.5, 1:4.5 to 1:5, 1:5 to 1:5.5 or 1:5.5 to 1:6, preferably 1:1 to 1:3.
For example, when the second device and the third device run in a continuous
manner, the working volume ratio of the second device to the third device can be
determined according to the ratio of the oxygen-supplying treatment time to the
anoxic treatment time.

In some embodiments, the apparatus for sludge treatment can further
comprise a recovery device for collecting and recovering gaseous
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phosphorus-containing compounds. For example, the recovery device can be in
fluid communication with the second device and/or the third device to recover the
gaseous phosphorus-containing compounds generated in the second device and/or
third device. In some embodiments, the recovery device can be a freezing device,
a combustion device, or an absorbing device such as absorbing tower, absorbing
tank and so on having a solid or liquid absorbing agent.

In another aspect, the present invention further provides an apparatus for
sewage biotreatment useful in the above method for sewage biotreatment,
comprising: a first device disposed for mixing a sludge feed with a first mixed
liquor to obtain a second mixed liquor; a second device disposed for subjecting the
second mixed liquor to an oxygen-supplying process to obtain a third mixed liquor;
a third device disposed for subjecting the third mixed liquor to an anoxic process
to obtain a fourth mixed liquor; a fourth device disposed for separating the fourth
mixed liquor to obtain a supernatant and a first concentrated mixed liquor; a fifth
device disposed for discharging the supernatant liquid; a sixth device disposed for
returning at least part of the first concentrated mixed liquor as the first mixed
liquor to the first device so that the amount of sludge of the first concentrated
mixed liquor that does not return to the first device is less than the amount of
sludge of the sludge feed; a seventh device disposed for subjecting at least part of
the supernatant from the fifth device to a sewage biotreatment process to obtain a
second concentrated mixed liquor and a purified water effluent; an eighth device
disposed for discharging the purified water effluent; a ninth device disposed for
introducing a sewage feed into the first device so as to mix with the sludge feed
and the first mixed liquor to obtain the second mixed liquor and/or into the seventh
device so as to subject to the sewage biotreatment process together with the
supernatant; and optionally a tenth device disposed for returning at least part of the
second concentrated mixed liquor to the first device.

According to some embodiments of the apparatus for sewage biotreatment of
the present invention, the seventh device is a device that performs sewage
biotreatment by Wuhrmann process, A/O process, Bardenpho process, Phoredox
process, A%/O process, reversed A0 process, UCT process, MUCT process, VIP
process, OWASA process, JHB process, TNCU process, Dephanox process, BCFS
process, MSBR process, SBR process, AB process, oxidation ditch process,
biomembrane process, moving bed process or a combination thereof.

In another aspect, the present invention further provides a system for sewage
treatment by sludge reduction, comprising: a conventional sewage treatment



42.21 5.49 2009/ 4 288624 38.67 1.94 2009/5 72594 40.01 0. 38 In the
"Standards for discharge of contam nants from sewage treatnment plants in
cities" (GB 18918-2002), the maximum COD is 60 ng/L for the Cass I(B), and
t he maxi num anmoni a nitrogen is 8my/ L {5>12C) and 15ng/L (<12C) for the
Class | (B).

apparatus and a sludge digestion apparatus, wherein the conventional sewage

treatment apparatus has an inlet in connection with the sludge digestion apparatus

and a residual sludge pipe in connection with the sludge digestion apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the sludge digestion apparatus comprises a high
concentration sludge reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the sludge digestion apparatus comprises an
anaerobic sedimentation apparatus, wherein the anaerobic sedimentation apparatus
comprises an inlet in connection with an outlet of the high concentration sludge
reaction apparatus and a first sludge return pipe in connection with the high
concentration sludge reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the residual sludge pipe conveys total residual
sludge to the sludge digestion apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the sludge digestion apparatus comprises an
anaerobic sedimentation apparatus, wherein the anaerobic sedimentation apparatus
comprises an inlet in connection with an outlet of the high concentration sludge
reaction apparatus and a first sludge return pipe in connection with the high
concentration sludge reaction apparatus, and the residual sludge pipe conveys total
residual sludge to the sludge digestion apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the high concentration sludge reaction
apparatus employs a sludge concentration of 4,000-20,000 mg/L, such as 6,000
mg/L, 8,000 mg/L, 10,000 mg/L., 12,000 mg/L, 14,000 mg/L, 15,000 mg/L,
16,000 mg/L or 18,000 mg/L.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the high concentration sludge reaction
apparatus employs a hydraulic retention time of 1.5-3.0 h and an outlet
concentration of dissolved-oxygen in a range of 1-1.5 mg/L, 1.5-2 mg/L, 2-2.5
mg/L or 2.5-3 mg/L.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the residual sludge pipe conveys 0.4Q to 0.7 Q
of sludge to the high concentration sludge reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
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according to the present invention, the system further comprises a residual sludge

aeration tank, wherein the residual sludge pipe of the conventional sewage

treatment apparatus is in connection with the residual sludge aeration basin and the

residual sludge aeration basin is in connection with the high concentration sludge

reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, a pre-treatment apparatus is provided at an inlet
of the sludge digestion apparatus, wherein the pre-treatment apparatus comprises
at least one grid.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the pre-treatment apparatus comprises two
grids.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the conventional sewage treatment apparatus
comprises an aerobic reaction apparatus and a sedimentation apparatus connected
in series, wherein the sedimentation apparatus comprises a second sludge return
pipe and a residual sludge pipe, and the second sludge return pipe is in connection
with an anaerobic reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the aerobic reaction apparatus is an acration
basin or an oxidation ditch.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the conventional sewage treatment apparatus
comprises an anaerobic reaction apparatus, an anoxic reaction apparatus, an
aerobic reaction apparatus and a sedimentation apparatus connected in series,
wherein the sedimentation apparatus comprises a third sludge return pipe and a
residual sludge pipe, and the third sludge return pipe is in connection with the
anoxic reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the sedimentation apparatus is a SBR basin or a
sedimentation tank.

In one embodiment of the system for sewage treatment by sludge reduction
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according to the present invention, the SBR basin has a sludge concentration of
2,000-4,000 mg/L, a dissolved-oxygen concentration of 2-4 mg/L, and a static
sedimentation time of 1-1.5 h within one week and a constant water level drainage
time of 1.5-2.5 h.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the second sludge return pipe is in connection
with the anaerobic reaction apparatus to convey 0.5-1 Q of sludge to the anaerobic
reaction apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the third sludge return pipe is in connection
with the anaerobic reaction apparatus to convey 0.5-1 Q of sludge to the anaerobic
reaction apparatus.

In another aspect, the present invention provides a method for sewage
treatment by sludge reduction, comprising:

a) Subjecting a mixture of sewage and sludge to a sludge digestion reaction;

b) Subjecting the sewage after the sludge digestion reaction to a conventional
sewage treatment; and

c) Discharging the sewage after the conventional sewage treatment, and
returning and subjecting a residual sludge generated during the conventional
sewage treatment to the sludge digestion reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sludge digestion reaction in step a)
comprises subjecting the mixture of sewage and sludge to a high concentration
sludge reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sludge digestion reaction in step a)
comprises subjecting the mixture of sewage and sludge after the high
concentration sludge reaction to an anaerobic sedimentation, and returning and
subjecting a sludge of the anaerobic sedimentation to the high concentration
sludge reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, all of the residual sludge is returned.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sludge digestion reaction in step a)
comprises subjecting the mixture of sewage and sludge after the high
concentration sludge reaction to an anaerobic sedimentation, and returning and
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In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the high concentration sludge reaction employs
a sludge concentration of 4,000-20,000 mg/L, such as 6,000 mg/L, 8,000 mg/L,
10,000 mg/L, 12,000 mg/L, 14,000 mg/L, 15,000 mg/L, 16,000 mg/L or 18,000
mg/L.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the high concentration sludge reaction employs
a hydraulic retention time of 1.5-3.0 h and an outlet dissolved-oxygen
concentration of 1-1.5 mg/L,, 1.5-2 mg/L, 2-2.5 mg/L or 2.5-3 mg/L.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sludge of the anaerobic sedimentation is
returned and subjected to the high concentration sludge reaction in a reflux rate of
0.4-0.7 Q.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the mixture of sewage and sludge after the high
concentration sludge reaction is subjected to a deoxygenation prior to the
anaerobic sedimentation.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the residual sludge is subjected to sludge
aeration prior to the high concentration sludge reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sludge aeration employs a
dissolved-oxygen concentration of 0.2-0.9 mg/L.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sewage is subjected to a pre-treatment for
removing impurities prior to the sludge digestion reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the conventional sewage treatment in step b)
comprises an aerobic reaction and a sedimentation, wherein the sewage after the
aerobic reaction is discharged after the sedimentation, and the generated sludge is
returned and subjected to the anaerobic reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the conventional sewage treatment in step b)
comprises an anaerobic reaction, an anoxic reaction, an aerobic reaction and a
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sedimentation, wherein the sewage after the aerobic reaction is discharged after the
sedimentation, and the generated sludge is returned and subjected to the anaerobic
reaction.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the generated sludge is returned and subjected
to the anaerobic reaction in a reflux rate of 0.5-1 Q.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the sedimentation employs a SBR process.

In one embodiment of the method for sewage treatment by sludge reduction
according to the present invention, the SBR process employs a sludge
concentration of 2,000-4,000 mg/L, a dissolved-oxygen concentration of 2-4 mg/L,,
a static sedimentation time of 1-1.5 h within one week and a constant water level
drainage time of 1.5-2.5 h.

In further another aspect, the present invention provides a system for sewage
treatment by sludge reduction, comprising: a high concentration sludge reaction
apparatus, an anaerobic sedimentation apparatus and a conventional sewage
treatment apparatus connected in series, wherein the anaerobic sedimentation
apparatus has a sludge return pipe in connection with the high concentration
sludge reaction apparatus, the conventional sewage treatment apparatus has a
residual sludge pipe in connection with the high concentration sludge reaction
apparatus.

In one embodiment of the system for sewage treatment by sludge reduction
according to the present invention, the high concentration sludge reaction
apparatus employs a sludge concentration of 4,000-20,000 mg/L, such as 6,000
mg/L, 8,000 mg/l., 10,000 mg/L, 12,000 mg/L, 14,000 mg/L, 15,000 mg/L,
16,000 mg/L or 18,000 mg/L.

In some embodiments, the system for sewage treatment by sludge reduction
according to the present invention can be an apparatus having a flow diagram as
shown in Fig.11, 12 or 13, in which the sludge digestion apparatus is in connection
with a high concentration sludge reaction basin, a deoxygenation basin and an
anaerobic sedimentation basin.

In some embodiments, a pre-treatment apparatus is provided before the
sludge digestion apparatus, wherein the pre-treatment apparatus comprises at least
one grid. The grid is usually used as the first treatment apparatus of sewage
treatment plant. Particularly, the grid may comprise two grids, wherein the first
grid is used to remove larger impurities from sewage and then the second grid is
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used to further remove smaller impurities from sewage, the net interval of stripes
of the first grid is greater than that of the second grid, for example, the first grid
can be a coarse grid and have a net interval of stripes of 20 mm and an installation
angle of 60 degree, while the second grid can be a fine grid and have a net interval
of stripes of 6 mm and an installation angle of 60 degree.

In some embodiments, the high concentration sludge reaction apparatus is a
high concentration sludge reaction tank, wherein the sewage after the
pre-treatment, the sludge returned from the anaerobic sedimentation apparatus and
the residual sludge returned from the sedimentation apparatus at the end of the
system are subjected to an aeration mixing in the high concentration sludge
reaction tank, and the high concentration sludge reaction basin is a rectangular
plug flow type tank. A residual sludge aeration basin is provided between the
sedimentation apparatus and the high concentration sludge reaction apparatus,
wherein the residual sludge aeration basin is connected to the sedimentation
apparatus and the high concentration sludge reaction apparatus through a residual
sludge pipe respectively, the returned residual sludge flows into the residual sludge
aeration tank, the sewage and the sludge returned from the anaerobic
sedimentation apparatus directly flow into the high concentration sludge reaction
tank, the residual sludge after aeration then flows into the high concentration
sludge reaction basin and mixes with a mixture of sewage and sludge thoroughly.

In particular, the high concentration sludge reaction basin is operated at a
relatively high sludge concentration in an anaerobic/aerobic manner with a short
hydraulic retention time. In the present invention, there is a sludge cycle between
the high concentration sludge reaction basin and the subsequent anaerobic
sedimentation apparatus, so that the sludge from the anaerobic sedimentation
apparatus can be returned to the high concentration sludge reaction tank. Since the
quality and amount of sewage of different time periods may be uneven and
fluctuate vigorously, the high concentration sludge reaction basin may also provide
a buffering function to reduce effects of shock load on the bio-chemical treatment.

In particular, the aerobic sedimentation apparatus is an aerobic sedimentation
tank. The sludge in the aerobic sedimentation basin is returned to the high
concentration sludge reaction basin and subjected to reaction together with sewage
and residual sludge. A non-clogging sludge pump can be employed to realize the
cycle of sludge. In one embodiment of the present invention, there is a
deoxygenation apparatus between the high concentration sludge reaction apparatus
and the anaerobic sedimentation apparatus, the mixture of sewage and sludge
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flows into the aerobic sedimentation basin after deoxygenation so as to prevent
dissolved-oxygen from being introduced into the aerobic sedimentation basin and
influencing the anaerobic reaction.

An aerobic reaction apparatus, i.e. an aerobic basin is then connected to the
aerobic sedimentation tank. The aerobic basin is preferably of a plug flow type
with a baffle disposed therein, or in complete mixing type, wherein the sludge
from the sedimentation apparatus at the end of the system is returned to the
anaerobic basin and mixed with the sewage.

The conventional sewage treatment apparatus comprises an aerobic reaction
apparatus and a sedimentation apparatus connected in series, wherein the aerobic
reaction apparatus is an aerobic basin or other conventional aerobic reaction
apparatus such as an oxidation ditch and is connected in series to the anaerobic
tank. The anaerobic sedimentation tank, the anaerobic basin and the aerobic basin
form A*O (Anaeroxic-Anoxic-Oxic) biological denitrogenation process. In the
aerobic tank, an aeration apparatus, such as three-lobe Root’s blower and He280
type dynamic diffusion rotation mixing aeration apparatus, is provided.

The sedimentation apparatus, which has sedimentation function and is
provided with a sludge return pipe and a residual pipe, can be a SBR (Sequencing
Batch Reactor Activated Sludge Process) basin or a sedimentation tank. SBR is a
batch activated sludge approach, in which sewage immediately adjacent to the
bottom of acrobic basin flows into the SBR basin via a water tunnel, when the
sewage penetrates a sludge layer in the SBR basin and is discharged, the sludge
layer plays a role of filtration and interception thereby lowering the content of
impurities in the discharged water and rendering the quality of the discharged
water superior to that of water discharged from ordinary secondary sedimentation
tank. Air weir may also be employed in the present invention to control the water
discharge so as to prevent impurities from entering into the weir for discharging
water thereby effectively controlling the impurities in the discharged water.

A sludge return pipe is provided between the SBR basin and the anaerobic
tank. The anaerobic tank, the aerobic basin and the SBR basin forms an OSA
(Oxic-Settling-Anaerobic) process, i.c., an aerobic-sedimentation-anaerobic
process, in which an anaerobic stage is added in conventional activated sludge
process so that micro-organisms alternatively enter into aerobic environment and
anaerobic environment so that the ATP obtained by bacterial during aerobic stage
can not be used to synthesize new cells immediately, but be consumed in
anaerobic stage as energy for maintaining the life activities of cells, the
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decomposition and anabolism of the micro-organisms are relatively separated
rather than closely coupled under conventional condition thereby achieving the
effect of reducing sludge. The OSA process is capable of reducing the amount of
the generated sludge, improving the sedimentation properties of sludge and
enhancing the capacity of removing ammonia nitrogen.

The SBR basin and the high concentration sludge reaction basin are
connected with a residual sludge pipe, and the generated residual sludge is not
discharged but returned to the high concentration sludge reaction basin at the
forepart of the system.

The SBR basin comprises two sets operated in parallel so that the SBR basin
can be operated at constant water level and discharge water in a continuous and
cycle manner. The system is arranged such that all apparatuses, from the high
sludge loading basin to the SBR tank, are connected in series in order of height
decreasing, thereby the sewage can self-flow upon gravity to reduce the number of
times for lifting the sewage and save electric energy. Morcover, a combined
integrate structure is employed for each treatment unit, and the tanks can realize
plug flow in series, thus a great amount of pipes and instruments among treatment
units can be omitted; in the meanwhile, the sewage flow in the reaction apparatus
shows a overall plug flow but in a complex flow state of completely mixing in
different regions, such that the treatment effect can be ensured.

In one embodiment of the present invention, the sludge digestion reaction
comprises subjecting the mixture of sewage and sludge to a high concentration
sludge reaction, wherein the high concentration sludge reaction has a hydraulic
retention time of 1.5-3.0 h, such as 2 h or 2.5 h, an outlet dissolved oxygen
concentration of 1-1.5 mg/L, 1.5-2 mg/L, 2-2.5 mg/L or 2.5-3 mg/L, and a sludge
concentration of 4,000-20,000 mg/L, such as 4,000 mg/L., 6,000 mg/L, 8,000 mg/L,
10,000 mg/L, 12,000 mg/L, 14,000 mg/L, 15,000 mg/L, 16,000 mg/L., 18,000
mg/L or 20,000 mg/L.

In one embodiment of the present invention, the sludge digestion reaction
further comprises an anaerobic sedimentation, i.e., subjecting the mixture of
sewage and sludge after high concentration sludge reaction to an anaerobic
sedimentation, and returning the sludge after the anaerobic sedimentation to the
high concentration sludge reaction in a reflux rate of 0.4-0.7 Q, such as 0.5 Q or
0.6 Q.

The mixture of sludge and the pre-treated sewage is subjected to a sludge
digestion reaction, in particular, the mixture enters into the high concentration
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sludge reaction basin to undergo aeration, in the meanwhile, the sewage is
sufficiently mixed with the residual sludge returned from the SBR basin and the
sludge returned from the anaerobic sedimentation tank, preferably, the residual
sludge is firstly subjected to aeration in the residual sludge aeration tank, then
enters into the high concentration sludge reaction tank, alternatively the residual
sludge may directly enter into the high concentration sludge reaction basin without
aeration, the sludge returned from the anaerobic basin may directly enter into the
high concentration sludge reaction tank, and all residual sludge may preferably
return to the high concentration sludge reaction tank, thereby realizing zero
discharge. The concentration of dissolved oxygen in the residual sludge aeration
basin is in the range of 0.2-0.9 mg/L, such as 0.3 mg/L, 0.4 mg/L, 0.5 mg/L, 0.6
mg/L, 0.7 mg/L, 0.8 mg/L. After the sludge is mixed with the sewage, the organic
substances in the sewage are subjected to decomposition and nitration, wherein the
hydraulic retention time in the high concentration sludge reaction basin is in the
range of 1.5-3.0 h, such as 2 h or 2.5 h, the concentration of the sludge is in the
range of 4,000-20,000 mg/L., such as 4,000 mg/L., 6,000 mg/L, 8,000 mg/L, 10,000
mg/L, 12,000 mg/L, 14,000 mg/L, 15,000 mg/L, 16,000 mg/L, 18,000 mg/L or
20,000 mg/L. There is an independent sludge returning, and the sludge returns
from the anaerobic sedimentation basin to the high concentration sludge reaction
basin and has a reflux rate of 0.4-0.7 Q, such as 0.5 Q or 0.6 Q. Thus, the sludge
concentration is relatively high, for example, is higher than that of conventional
activated sludge treatment process by 3-5 times, which effectively enhances the
capacity of the system against shock load. Furthermore, the high concentration of
activated sludge can decompose effectively the organic substance and provide an
excellent buffering effect against the shock of water quality, water quantity, pH
value and toxic substance, and make the treatment effect in posterior stage of the
system more stable. Blowing aeration is employed, and the outlet dissolved
oxygen concentration is in the range of 1-1.5 mg/L, 1.5-2 mg/L, 2-2.5 mg/L or
2.5-3 mg/lL..

The sewage flows out the high concentration sludge reaction tank, is
subjected to deoxygenation, and then enters into the anaerobic sedimentation tank.
In the meanwhile, the sludge precipitated in the anaerobic sedimentation basin and
the residual sludge produced in the conventional sewage treatment return to the
high concentration sludge reaction tank, wherein the sludge returns from the
anaerobic sedimentation basin in a continuous and cycle manner. The mixture
sludge in the high concentration sludge reaction basin undergoes aerobic process
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and anaerobic process alternatively all the time, thus neither aerobic
microorganisms nor the anaerobic microorganisms can be of dominative, and
therefore the hydrolysis process of the residual sludge is completed to the
maximum extent.

Macromolecular organic substances can be bio-degraded into small molecular
organic substances by hydrolysis, and the small molecular organic substances
produced through hydrolysis (rdcod bio-degradation) can be further converted
under strict anaerobic conditions into VFAs (volatile fatty acids) as “potential”
internal carbon source, i.e., organic carbon, produced by the sludge hydrolysis.
The organic carbon can increase the efficiency of ammonia nitrogen removal
significantly and reduce external carbon source. It’s a common phenomenon for
urban sewage treatment plants that the lack of carbon source usually leads to a
poor effect of removing ammonia nitrogen from urban sewage. When the carbon
source is abundant, energy leakage occurs, which is so called the uncoupling
phenomenon, rendering low utilization of substrate. The retention time of sludge
becomes infinite due to the sludge returning, thus inert substances can be
decomposed by uncoupling effect. The decomposition of inorganic substances in
the residual sludge is achieved by chemoautotrophic bacteria and the
decomposition of organic substances in the residual sludge is achieved by
chemoheterotrophic bacteria, so that the accumulation of inert substance will not
occurs in the system, thereby realizing the zero discharge of residual sludge of
urban sewage treatment plant. Experiments shows that the sludge returned from
the anaerobic sedimentation basin and the residual sludge produced in the
conventional sewage treatment plant are digested massively to achieve the balance
between growth and digestion, so that both the anaerobic sedimentation basin and
the SBR basin do not discharge sludge, the reaction is stable, and the zero
discharge of sludge is realized.

The sewage flows from the anaerobic sedimentation basin and enters into the
anaerobic tank, and the anaerobic sedimentation tank, the anaerobic basin and the
aerobic basin construct the A%/O process. The sewage and the sludge returned from
the conventional sewage treatment are mixed in the anaerobic basin to remove
ammonia nitrogen sufficiently, and then the sludge together with the sewage enter
into the aerobic tank, the organic substances in the sewage are further absorbed,
oxidized and decomposed through the anabolism of the aerobic bacteria, and
nitration may occur.

Finally, the sewage is subjected to sedimentation in the sedimentation
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apparatus and discharged. The sedimentation apparatus is preferably a SBR tank.
The sludge in the SBR basin returns to the anaerobic basin in a reflux rate of
0.5-1Q, while the residual sludge returns to the high concentration sludge reaction
tank. Because the organic substances in the sewage entering into the SBR basin
have been effectively decomposed, the water quality is stable. The decomposition
of the organic substances in the sewage would be more complete after aeration in
the SBR tank. In addition, a clear and high-density sludge layer may form in the
SBR basin during periodical static sedimentation, and plays a role of sludge
filtration to improve water quality and denitrification. The SBR basin employs a
sludge concentration of 4,000-20,000 mg/L, a dissolved oxygen concentration of
2-4 mg/L, a static sedimentation time of 1-1.5 h, preferably 1 h, within per one
period in the SBR basin (during the static sedimentation, the sewage is subjected
to denitrification and sedimentation in the tank), and a constant water level
drainage time of 1.5-2.5 h, preferably 2 h.

The anaerobic tank, the aerobic basin and the SBR basin constitute an OSA
process, in which the sludge returns to the anaerobic tank, thereby effectively
inhibiting filamentous bacteria, preventing sludge expansion, improving sewage
sedimentation properties, and reducing the amount of the produced sludge. As for
aerobic micro-organisms, the energy required to form ATP is from the oxidization
process of external organic substance matrix. When the aerobic micro-organisms
are under anaerobic condition, the decomposition of organic substances is
completely different from that of the aerobic decomposition, and the released
energy decreases significantly. The micro-organisms per se do not have enough
energy for their growth and have to employ the ATP stored in their body as energy
supply for their normal physiological activities. Thus, the ATP stored in cells of the
micro-organisms of this stage is consumed in a great amount, so that the amount of
the sludge has a tendency of decreasing. If bio-synthesis is carried out at this time,
necessary energy storing has to be carried out for the micro-organisms. If ATP is
not stored sufficiently in the cells, the synthesis of the cells itself would not
proceed continuously. Thus, when the micro-organisms consume a great amount of
ATP and re-enter into the aerobic basin with abundant nutrition, the
micro-organisms may have to satisfy their energy requirement only through the
endogenous digestion by the dissimilation of cells. Such anaerobic/aerobic
alternation enhances the dissimilation, increases the energy uncoupling and
reduces the sludge production. The anaerobic basin also has the function of
hydrolytic acidification and increases the biodegradability of sewage.
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Hence, the apparatus for sludge treatment according to the present invention
is particularly favorable to reforming various existing activated sludge sewage
treatment apparatus. For example, the apparatus for sludge treatment of the present
invention can be built close to an existing sewage treatment apparatus, so that the
residual sludge of the existing sewage treatment apparatus is used as the sludge
feed of the apparatus for sludge treatment, and the supernatant discharged from the
apparatus for sludge treatment is used as a part of sewage feed and introduced into
the existing sewage treatment apparatus. Hence, the apparatus for sludge treatment
of the present invention can essentially eliminate all of the residual sludge
discharged from the existing sewage treatment apparatus, so that the reformed
apparatus will not discharge sludge. In the meantime, the supernatant containing a
relatively large amount of biodegradable organics will advantageously facilitate
the removal of nitrogen and phosphorus that may not be removed by the existing
apparatus when carbon source is not sufficient. This is particularly favorable to the
treatment of domestic sewage from cities that usually has a relatively low COD. If
the sewage feed is firstly introduced into the apparatus for sludge treatment of the
present invention, the high concentration sludge in the new apparatus for sludge
treatment can digest and degrade contaminants in the sewage feed rapidly and
efficiently, thereby further improving the efficiency and effects of sewage

treatment.

Example 1:
In the example, t represents ton; DS represents dry sludge; m
cubic meter; d represents day; and COD represents chemical oxygen demand.

3 represents

Apparatus and design parameters:

According to the method for sludge treatment and the method for sewage
treatment of the present invention, a sewage treatment plant having a sewage
treatment ability of 20,000m’/d was built, which has a flow diagram as shown in
Fig.11, in which the high concentration sludge reaction basin (used for
oxygen-supplying treatment), the degassing basin and the anaerobic sedimentation
basin (used for anoxic treatment) form the sludge digestion apparatus (i.e., the
apparatus for sludge treatment according to the present invention), and the
anaerobic basin, aerobic basin and SBR basin form the conventional sewage
treatment apparatus (i.e., the sewage biotreatment device of the apparatus for
sewage biotreatment according to the present invention). The sludge from the
anaerobic sedimentation basin of the sludge digestion apparatus (i.e., the first
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concentrated mixed liquor, which is totally used as the first mixed liquor), the
residual sludge (i.e., the second concentrated mixed liquor, which is totally used as
the sludge feed) from the SBR basin of the conventional sewage treatment
apparatus and the sewage feed after grid treatment are mixed to form the second
mixed liquor. The second mixed liquor is subjected to aeration treatment in the
high concentration sludge reaction basin to obtain the third mixed liquor. The third
mixed liquor enters into the degassing basin and is subjected to deoxygenation,
then enters the anaerobic sedimentation basin and is subjected to sedimentation
treatment (anoxic treatment) in the anaerobic sedimentation basin to obtain the
fourth mixed liquor that is simultaneously separated into the supernatant as upper
layer and the first concentrated mixed liquor as lower layer. The first concentrated
mixed liquor is used as the sludge reflux and returns to the high concentration
sludge reaction basin via the sludge reflux pipe. The supernatant enters the
conventional sewage treatment apparatus, passes the anaerobic basin, aerobic
basin and SBR basin to obtain the purified water effluent and the residual sludge
(i.e., the second concentrated mixed liquor). The residual sludge is subjected to
aeration treatment in the residual sludge aeration basin and then returns to the high
concentration sludge reaction basin.

The running of this sewage treatment plant from July 2008 to now shows that
the sludge yield is maintained at a level of about 0 tDS/(10,000m> sewage.d), and
thus realizes zero discharge of sludge. As a comparison, a sewage treatment plant
of an adjacent city that treats similar sewage usually gives a sludge yield of 1.04 to
1.64 tDS/(10,000m> sewage-day), and an average value of 1.25 tDS/(10,000m>
sewage-d).

The quality of the purified water effluent is shown in Table 1 which gives
data about the total amount, COD and ammonia nitrogen of the purified water
effluent from September 2008 to May 2009, in which the average aeration time of
the high concentration sludge reaction basin was controlled at 0.25 to 3.5 hours,
the sedimentation time of the anaerobic sedimentation basin was controlled at 1 to
5 hours, and the ratio of aeration time to sedimentation time was controlled at
1:0.8 to 1:5. During the whole test period, this sewage treatment apparatus did not
discharge any sludge.

Table 1: The total amount, average COD and average ammonia nitrogen of
the purified water effluent from September 2008 to May 2009
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. Total amount of the .
Time ) Average COD Average ammonia

(Y/M) purified water (mg/L) nitrogen (mg/L)
effluent (m*/M)
2008/9 453043 40.10 3.31
2008/10 321173 41.06 3.03
2008/11 375003 37.16 5.24
2008/12 384116 37.39 6.38
2009/1 331662 37.48 6.49
200972 377502 38.13 7.16
2009/3 301817 42.21 5.49
2009/4 288624 38.67 1.94
2009/5 72594 40.01 0.38

In the “Standards for discharge of contaminants from sewage treatment plants
in cities” (GB18918-2002), the maximum COD is 60 mg/L for the Class I(B), and
the maximum ammonia nitrogen is 8mg/L. (>12°C) and 15mg/L. (<12°C) for the
Class I(B).

It can be seen from Table 1 that the COD and ammonia nitrogen of the water
effluent obtained by the sewage treatment system according to the present
invention meet the Class I(B) standards of GB18918-2002 whether at high or low
temperature.

The test from September to May 2009 further shows that the sludge
concentration in the high sludge concentration reaction basin always kept at a
relatively high level (see: Table 2).

Table 2: Monthly average sludge concentration of the second mixed liquor in
the high concentration sludge reaction basin during the test from September 2008

to May 2009
Monthly average sludge concentration in the high
Time (Y/M) concentration sludge reaction basin (mg/L)
2008/9 6890
2008/10 8120
2008/11 14080
2008/12 17230
2009/1 18230
2009/2 15980
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2009/3 13060
2009/4 12240
2009/5 7850

In order to further observe the operation of the sludge digestion apparatus
(i.e., the apparatus for sludge treatment), the COD, ammonia nitrogen (AN) and
total phosphorus (TP) of the sewage feed, the water phase of the second mixed
liquor and the supernatant were measured (see: Table 3).

Table 3: The data of COD, ammonia nitrogen and total phosphorus of the
sewage feed, the water phase of the second mixed liquor and the supernatant

measured at different time (mg/L)

i Water phase of the
Time Sewage feed . . Supernatant
second mixed liquor
(Y/M/D)
COD | AN TP COD | AN TP COD | AN TP

2010/4/1 | 618.3 509.9 | 128.3 350.0 | 126.9

89.93 | 13.20 23.89 15.57
1 0 7 1 2 9
2010/4/1
5 688 70.22 | 10.21 | 391 85.96 | 13.65 | 348 85.07 | 8.56
2010/4/1
3 254 38.6 |4.2 275 789 | 12.5 |86 529 |5.02
2010/4/1 | 314.8 154.4 109.5

66.25 | 3.41 94.78 | 6.22 78.31 | 3.54
4 2 8 0
2010/4/1 | 361.3 346.1 113.2
2 4 57.87 | 18.95 1 42.87 | 18.95 9 48.90 | 11.12

It can be seen from Table 3 that the COD, ammonia nitrogen and total
phosphorus of the supernatant from the sludge digestion apparatus sewage feed are
remarkably lower than those of the water phase of the second mixed liquor. In the
sludge digestion apparatus of the Example 1, the sewage feed and the sludge feed
formed its net input, and there was no solid or liquid output except the supernatant,
and there was no sludge accumulation in the sludge digestion apparatus. Hence,
the organisms and solids from the sewage feed and the sludge feed, expect those
discharged with the supernatant, were all digested and decomposed, thereby
achieving the reduction of residual sludge. Without being limited to any theory, it
is considered that the digested and decomposed organisms and solids were
converted into gaseous substances and escaped out of the sludge digestion
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apparatus. For the whole sewage apparatus, the contaminants in the sewage feed
(largely expressed as COD, ammonia nitrogen and total phosphorus) were
converted into gaseous substances and escaped out of the sewage apparatus, so
that when the purified water effluent was obtained, no other solid or liquid
substances was discharged.

Example 2:

According to the method for sludge treatment and the method for sewage
treatment of the present invention, an existing sewage treatment plant that had
been run in MSBR (i.e., A%O followed with SBR) process was reformed. The
reformed sewage treatment plant has a sewage treatment ability of 20,000m’/d,
and its flow diagram can also be represented by Fig.11, in which the parameters
are the same as those of Example 1.

The reformed sewage treatment plant has been run for more than one year,
and its sludge yield kept at about 0 tDS/(10,000m’ sewage-d), so that the zero
discharge of sludge is also achieved. In addition, it has an average COD of
24.3mg/L in winter and 27.56mg/L in summer, and an average ammonia nitrogen
content of 8.85mg/L in winter and 4.07 mg/L. in summer, which all meet the Class
I(B) standards of GB18918-2002.

In both the new sewage treatment plant and the reformed sewage treatment
plant according to the method for sludge treatment of the present invention, the
high concentration sludge reaction, the anaerobic sedimentation and the
conventional sewage treatment process are combined together for sewage
treatment, and the results indicate the advantages including the improved sludge
sedimentation property, the inhibition of sludge bulking, the digestion of residual
sludge, and the zero discharge of sludge.

The system and method for sewage treatment by sludge reduction according
to the present invention are illustrated above. The number of steps of the method
as described in the description and the claims do not represent the sequence of the
steps unless the sequence is pointed out or can be exclusively determined. The
examples for demonstrating the principle and embodiments of the present
invention are intended to understand the method of the present invention. It should
be noted that without departing from the principle of the present invention, any
improvements and modifications to the present invention can also be made and fall

within the scope of the claims.
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What is claimed is:

1. A method for sludge treatment, comprising the following steps:

(1) Mixing a sludge feed from a sewage biotreatment process with a first
mixed liquor to obtain a second mixed liquor;

(2) Subjecting the second mixed liquor to an oxygen-supplying process to
obtain a third mixed liquor;

(3) Subjecting the third mixed liquor to an anoxic process to obtain a
fourth mixed liquor;

(4) Separating the fourth mixed liquor to obtain a supernatant liquid and a
first concentrated mixed liquor; and

(5) Discharging the supernatant liquid, and returning at least a part of the
first concentrated mixed liquor as the first mixed liquor to the step (1), wherein
the amount of sludge of the first concentrated mixed liquor that does not return
to the step (1) is less than the amount of sludge of the sludge feed.

2. The method for sludge treatment according to claim 1, wherein in the
step (5), at least 60%, preferably at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80, more preferably at
least 85%, more preferably at least 90%, more preferably at least 93%, more
preferably at least 95%, more preferably at least 98%, most preferably
essentially 100% of the first concentrated mixed liquor returns to the step (1)
and is used as the first mixed liquor, and optionally the first concentrated mixed
liquor that does not return to the step (1) is discharged.

3. The method for sludge treatment according any one of preceding claims,
wherein in the step (1), an organic nutrient is mixed with the sludge feed and
the first mixed liquor to obtain the second mixed liquor, wherein the organic

nutrient is preferably a sewage feed.

4. The method for sludge treatment according to claim 3, wherein in the
step (1), the flow ratio of the sludge feed to the sewage feed is 1:0.01 to 1:100,
preferably 1:0.1 to 1:10, more preferably 1:0.5 to 1:5.

5. The method for sludge treatment according to any one of previous
claims, wherein in the step (2), the oxygen-supplying process has an
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12. The method for sludge treatment according to any one of previous
claims, wherein the method further comprises a step for recovering gaseous
phosphorus-containing compounds generated in the step (2) and/or (3).

13. A method for sewage biotreatment, comprising:
(1) Mixing a sludge feed from a sewage biotreatment process with a first
mixed liquor to obtain a second mixed liquor;
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sludge feed and the first mixed liquor to obtain the second mixed liquor and/or

introduced to the step (6) and subjected to the sewage biotreatment process

together with the at least part of supernatant from the step (5), preferably, at

least part of the sewage feed is introduced to the step (1) and mixed with the

sludge feed and the first mixed liquor to obtain the second mixed liquor, and

more preferably, all of the sewage feed is introduced to the step (1) and mixed

with the sludge feed and the first mixed liquor to obtain the second mixed

liquor.

14. The method for sewage biotreatment according to claim 13, wherein in
the step (5), at least 60%, preferably at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 93%, more
preferably at least 95%, more preferably at least 98%, most preferably
essentially 100% of the first concentrated mixed liquor returns to the step (1)
and is used as the first mixed liquor, and optionally the first concentrated mixed
liquor that does not return to the step (1) is discharged.
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18. The method for sewage biotreatment according to any one of claims
13 to 17, wherein in the step (2), the oxygen-supplying process is performed in
a manner of intermittent aeration or continuous aeration.

19. The method for sewage biotreatment according to any one of claims
13 to 18, wherein the third mixed liquor has a dissolved oxygen content of 0.1
to 4 mg/L, preferably 1.5 to 3 mg/L, more preferably 2 to 3 mg/L.

20. The method for sewage biotreatment according to any one of claims
13 to 19, wherein the step (3) and the step (4) are performed in a manner of
sedimentation.

21. The method for sewage biotreatment according to any one of claims
13 to 20, wherein in the step (1), the second mixed liquor has a sludge
concentration of 3,000 to 30,000 mg/L, preferably 3,000 to 20,000 mg/L, more
preferably 4,000 to 15,000 mg/L.

22. The method for sewage biotreatment according to any one of claims
13 to 21, wherein the method further comprises a step for recovering gaseous
phosphorus-containing compounds generated in the step (2) and/or the step (3).



-57- (2) Subjecting the second m xed |iquor to an oxygen-supplying

process to obtain a third m xed |iquor; (3) Subjecting the third m xed
| i quor to an anoxic process to obtain a fourth m xed |iquor; (4)
Separating the fourth m xed liquor to ain a supernatant liquid and a
first concentrated m xed |iquor; (5) Discharging the supernatant

liquid, and returning at least a part of the first concentrated m xed
l'iquor as the2Bi ffﬁ& miétked for gueh é®1dti’@t@%ﬁpa&cb)rdm\gﬂ©rﬁi}noh@%f&imﬁﬁ;t of

sl udge of the concentr at ed m xed I| not turn to the
Stop (1) 119 Tudd THSHTE RBE afvd: cotceaimataganrec havel Gapactibmsarom fhe (o)
Subj ect i ngted (T)a@sthe atapaft) @id isheed la@ethaahmgte febd)is d tbrmﬁ)% hprefétﬁbly( 5) and

obtain a SRBha L oRc LA R Bar el AP Snd0L oSG ey SERRRUen

and (concentsnbdngkedliyber.purified water effl uent and optionally
returning at least a part of the second concentrated m xed |iquor fromthe
step (6) as the sludge feed to the step (1); wherein a sewage feed is

i ntroduced toZ#h@hstmq’:th()d)foasdwagabi:btmahhenﬂ'laaccsirdﬁdgetofamdoae\@ftdim'rrfsi rst
d | ' h
St ep (6) Atdsty Bupisth b R B st B RS el BB R R ¢ e
at | east ptapt (7dftosthpete|pa(tle)ris off raopnopheticat ep 1 (t6) L0086, efreferbbly, ataiut 18aet  par t
f th i | ud
of the Se"i’?@e/?l rs{!: ﬂréférgﬁl&oa%%ﬁﬁi?é% {l&uéé ﬁﬁth%&u@%ﬁfe@%‘?gaﬁtgﬁ (gﬁ.‘e s! udge

feed and t m xe uor ain sec m xe and nore
preferably, all of the sewage feed is introduced to the step (1) and m xed

with the siudgs faechanda he sbiisd piBiEfnbhCH iR A8l A NohOBFREAARI i Xed

l'i quor. vvage I ot r eat nent acco aim 13,
wherein i r13ttﬁe?4sl“é]@f‘(15)ln the step46). BOssWagebiotgBligeniprpesstis e

pref er abl y glesk €30 é‘ M@rd@ﬁ@fn@rﬂ%éﬁsa‘f’hb&%ﬁ)& é‘ ééssm)Aé/(P %c‘érséb| y at

| east 80% nore pre y at nmore preferably at ast J90% nore
or ef er abl JewrsekASfO %%e%w rpé%qsabl\%Ufo PEO£SSS, 9% prﬁﬁeés,p@wféﬁém y at

| east 98%yromst, PHE r@&%s)s‘ aent | ééés1@%@1%0&%oﬁbisStBQFﬂcﬁPéde@& ed m xed
| i quor re&éns to the step (1) and is_used as t irst quor, and

opti onal | MPRE fprogesss ottt PEPSESni /8Y PIQsges: t%@at%’esglﬂ?h PG 10 t he

step (1) bsorb@bRAcdRdcess; ﬁﬁm V&be&ﬁroc@@oﬁ@k@ﬁ@ﬂdﬁon&ﬁ@@@@ bi ot r eat ment
according to clainms 13 or erein in the step (2), the oxygen-supplying

process has an oxygen- suppl y| ng treatnment tine of 0.1 to 4 hours,
preferably 0.26.t AnZafieuitss foprdudicetfresmidnt Whebult th theéd niwhéd for sludge

treatment according to any one of claims 1 to 12, comprising: a first device
disposed for mixing a sewage feed, a sludge feed and a first mixed liquor to
obtain a second mixed liquor; a second device disposed for subjecting the
second mixed liquor to an oxygen-supplying process to obtain a third mixed
liquor; a third device disposed for subjecting the third mixed liquor to an
anoxic process to obtain a fourth mixed liquor; a fourth device disposed for
separating the fourth mixed liquor to obtain a supernatant and a first
concentrated mixed liquor; a fifth device disposed for discharging the
supernatant liquid; and a sixth device disposed for returning at least part of the
first concentrated mixed liquor as the first mixed liquor to the first device so
that the amount of sludge of the first concentrated mixed liquor that does not
return to the first device is less than the amount of sludge of the sludge feed.

27. The apparatus for sludge treatment according to claim 26, wherein the
second device is disposed to have an oxygen-supplying treatment time of .1 to



16. The nmethod for sewage biotreatnent according to any one of clainms 13 to
15, wherein in the step (3), the anoxic process has an anoxic treat nment
time of 0.8 to 6 hours, preferably 1 to 4 hours, nore preferably 1 to 3
hour s. 17. The method for sewage_hjptreatment according to any one of
claims 13 to 16, wherein the ratio of the oxygen-supplying treatnment tinme
to the anoxic treatnent tine is 1:0.5 to 1:6, preferably 1:1 to 1:3, nore
pref erabl y4 Rours SpreferdbRy 0.506 © Hyugé, ahakd preflerably 0.5 td-8.5 Ahaset hod for sewage
bi ot reat nent according to any one of clains 1§ to 17, wherein in the step
(2), the oxygen-supplying process is perfornmed in a manner of intermttent
aeration or cQ8! iTheoysparetiat foprsludge trb%tmél'ﬂiteaditeirﬂ@@ fmrclame/ag@ dri QY eat ment
accordi ng\ﬁﬁ) r}g ﬁf clains,.13 tg %ﬁQjWh rein.t § Ilquor has
2 di ssol vanesRYLR Bt devictor dispose( 19 igyd an Fjogice sfﬁrrgfni g 8T8 849" ror
pr ef er abl y6 Roure, refighbly 1 to 4 AGurs] heoroptdtochblyi ts Sviages.bi ot r eat ment
according to any one of clains 13 to 19, wherein the step (3) and the step

(4) are perforned in a manner of sedinmentation. 21. The nethod for
sewage bi ot r ed9nth¢ appaatudi fog stwalganycadment hcairdingstoldhyt on@0f cla@s &6n i n t he
step (1),

30.600 iy D 22 PEREM AR 5l A0e, GREUB- Ty OE BLHSBRAIEIA Y Ble BB 0o °
15, 000 ng/df the oxygeh-sujdy imeg therdmfeot tisewagtiic binok ceta¢aterent Howorsdi:Ag oo any
one of clg r%?er&t?l 4y ¢ %r%&ew?gfe%l qdlg%tlhf 8%:@ ?ﬁ’ogyal step for

recoverlng g Seous hos of'ds-containin npounds inthe step
(2) and/or the step (3). -59- 23. The nethod for sewage blotreatnent

according to ?QVTHQE Jraﬁisafoﬁl&%etti)ea%&e?%&{ ttBeané/e&?é‘gf 9@@ at ed

m xed |iquor t rns from st e st IS used as
the sl udgéOQ@eWhB@HlthQ)SeEQO%iebKéfl%ﬁalaBW@bchﬁﬁerO to 100% nore preferably
about 100% relative to the second concentrated m xed |iquor. 24. The
nmet hod for sewage biotreatnent according to any one of clains 13 to 23,
wherein the sébgﬁl@ @W@%rf@rémﬁeﬂwtmqhmwr%@g toetnyr oite of slimpdost ep (7)

to the step3(livhbRi®thAthRdaRSidd 81 e fbukh &Q&%ar@%%Eﬁfrﬁ&lt%ﬂ@i?%ﬁm% to
100% nore preferably about 100% relative to the sludge feed of the step

(D). 25. The method for sewage biotreatnment according to any one of
claims 13 to ?24 Thd8p rﬂtdsrfo¥ BRld%EQﬁeaﬁﬁbnt éé&r@ﬁ@ﬁ@% Sl 6ALIRAL 2Br ocess

is Wihr mann oces rQc hor edox process, A2/0
process, reA@/t@ BPE%‘@% ﬁ’U@E’aiﬁF Rmeﬁr"&@%&ses \Z r@CBY‘Efé’ess
OMASA proelesﬁ:e deB PEciketifig TAM pE@RRSISg ng#eaﬂ@x phoepless-dBkfaipkocess,
VBBR pr ocess SBR process, AB process, oxidation ditch process, bionmenbrane

process, %d process or a conbl nation thereof.

33. An apparatus for sewage biotreatment useful in the method for sewage
biotreatment according to any one of claims 13 to 15, comprising: a first device
disposed for mixing a sludge feed with a first mixed liquor to obtain a second
mixed liquor; a second device disposed for subjecting the second mixed liquor
to an oxygen-supplying process to obtain a third mixed liquor; a third device
disposed for subjecting the third mixed liquor to an anoxic process to obtain a
fourth mixed liquor; a fourth device disposed for separating the fourth mixed
liquor to obtain a supernatant and a first concentrated mixed liquor; a fifth
device disposed for discharging the supernatant liquid; a sixth device disposed
for returning at least part of the first concentrated mixed liquor as the first
mixed liquor to the first device so that the amount of sludge of the first
concentrated mixed liquor that does not return to the first device is less than the
amount of sludge of the sludge feed; a seventh device disposed for subjecting at



26. An apparatus for sludge treatnment useful in the nmethod for sludge
treatnent according to any one of clains 1 to 12, conprising: a first

devi ce di sposed for mxing a sewage feed, a sludge feed and a first m xed
liquor to obtain a second mixed |iquarg;-a second device di sposed for

subj ecting the second m xed liquor to an oxygen-supplying process to obtain
a third mxed liquor; a third device di sposed for subjecting the third

m xed | i quesstt garaf ahesupeiatar SBomothebfisthndé/if® s tahsev ¥@d bldtegadend fourth
devi ce di sposed for,separating the fgu th mx ﬂ.liguor to ogéa'n a

super nat afttos%d ©@ PP%%IE) % BT FAEqY e)@eH“T‘?‘ﬁ fguor Ang; gy YL sposed
for di schaffuag; theighthbdenabalidpdsed dorddisenggimpsthy parifiedivescdeSheagd f or

ret urning attlgast Hart o({ t he fidrs.t concentrﬁe':?fad {ﬂ'g}f%d Iigluor as the first
m xed | i qUBP €C¥iRG dpsppatd funtreduging hictage toedunto B GIshag¥iosmotdte i rst
concent r attedmm xeth theyshidgt hatd dmestheofirst ehixed liqudrhe dbtagt tidkeyeamd s | ess
than the ty: S .of t,he_ slu f eed, 27 e paratus for

sl udge t rgﬂ&#@nlg‘?%(&%ﬁ'cg’.gﬁén@j I %‘?Vﬁflgg%emg el A5 ttﬂesui)é%cgrhltéf %@v?ec‘%ages

di sposed thiotneatmean poryesentopethErywith thee agparnatant; nendfopdiohatlp a @8ath4 hour s,

pref er abl yc%egic% {ifégése%ofgrsﬁeﬁlgﬁgr?gdg{ ‘f'éagl{ %thop t ge%oillggcggfr%gé%e’lted mi)ge%' The

apparatus for s e trea ccor g to claimns wherein the

t hi rd devilispior $o thesipss device. have an anoxic treatment time of 0.8 to 6
hours, preferably 1 to 4 hours, nore preferably 1 to 3 hours. 29. The
apparatus for _sludge treatnment according to any one of clains 26 to 28,
wher ei n t he sétohlic deparasdat sewiagabigsiengecnirascaidpg sedlago Ihavhareia rati o
of the ox A PhdtHRY i i F: i et is
1:0.5 1o 16 pr AIBP 1S UBPOIRTo BT ah by REp OB Iing KERLTTEY g8 2,

pr ef er abl W-htp4 hoprs, p@g@bﬂﬁaﬂét@# h@ursmrm@;érqfe@biméétmaleébpuISng to any one
of clains 26 to 29, wherein the second device is an aeration basin. 31. The

apparatus for_sludge treatnent according to any one of clainms 26 to 30,
wherein the t hbr HSlappRan ko RBALE (NORCHBENE ACeaTaing SeeHBRBAL Mo bas! n.

32. The apgairéinUhc ftRird devit@ds digRkEE M hats 8h @hbict PeAMEnPHthObf 6/8abNE 26
6 hours, preferably 1 to 4 hours, more preferably 1 to 3 hours.

36. The apparatus for sewage biotreatment according to any one of claims
33 to 35, the second device and third device are disposed so that the ratio of the
oxygen-supplying treatment time to the anoxic treatment time is 1:0.5 to 1:6,
preferably 1:1 to 1:3, more preferably 1:1.5 to 1:2, most preferably 1:2.

37. The apparatus for sewage biotreatment according to any one of claims
33 to 36, wherein the second device is an aeration basin.

38. The apparatus for sewage biotreatment according to any one of claims
33 to 37, wherein the third device and the fourth device are a sedimentation
basin.

39. The apparatus for sewage biotreatment according to any one of claims
33 to 38, wherein the apparatus for sludge treatment further comprises a
recovery device for collecting and recovering gaseous phosphorus-containing
compounds.



to 31, wherein the apparatus for sludge treatnent further conprises a
recovery device for collecting and recoveri ng gaseous phosphorus-contai ni ng
conpounds. 33. An apparatus for sewage biotreatnent useful in the

met hod for sewage biotreatnent accordigigto any one of clains 13 to 15,
conprising: a first device disposed for mxing a sludge feed with a first

m xed |iquor to obtain a second m xed |iquor; a second device di sposed for
subjh_ec'éI i ng théO_sEheragpanﬂamﬁdfolcriisqwage bﬁ)é;matmmy%ﬁ?oﬁdingItgiang_dmle(lifﬁtﬂain?]sp gbt ain
athird m quar: .a Ir V| ce dlLSspose r.supj.ecti the.tnir

m xed |iqd§§$ 9‘% gbaﬁv%&h%%ti‘ep%‘é‘gt Aot A Vé“fﬁl?ﬁ‘%%ﬁ%?éﬁ ﬁ?dﬁ%ﬁbfma fourth
devi ce di sposgd Horcaerat dyi Wohthend uodels, MA@ procaguoBatdenphd giroceks,

super nat a i rst centrated m xed2){ quor.; Efth devi i sposed
For ar cnamstal R cbSh L PORREER BT iRl i T gl bpSe G
r et ur ni ng procéssasYIaptocess,t KEWAISAt poersentHE eproressed TNCUoprasesshe first

mxed |iq LS [ t u the first
concent raﬁgé)ﬁﬁlgggé}%ﬂé%sab}rgqigb ?(%ggé; l\l’/llg Rr &:’F@Cren%@i{h@%]c ggrss% q%é’g{)%egs’i s less
t han t he anadaitonofditchugyeesd, bloenerhbdge pewdss, ampevmntireddgvocss dosposed f or
subj ecti ng Athinaifoh thet&@st part of the supernatant fromthe fifth device to
a sewage biotreatment process to obtain a second concentrated m xed |iquor
and a purified water effluent; an eighth device disposed for discharging
the purified wate Ny | IR e ~Hi S [ g a
sewage feed iﬁ?’o '{&hg&é;dlldr*gt ke e??@%aé% gg%ltog r%%%\j\n%t ﬁﬁ"%rh énsl uéggﬂgggg and the
first mi x@Hopphpyes contegbimprsledge Feabadennge diotrepiment r@mTisipg gsinige

seventh dend SRIdSE A% 51%%&' Bb&E hnd %uyé@ﬁﬁg\e@gﬁe %&ﬁé&%ﬁﬁ'ﬂﬁ%@ RGERSn( 0get her
wi th the superpatant; and o ly a téenth device disposed for returning

t 1 onal (
at |east P&Ferdse E%énléé’@érfﬂp Jaimeehitp ety FRduee the gadion: ¢oniert, pitregendevi ce.

34. The appafeat Hed pRbs €oftbetinant lgﬁfatgeaccordi ng to claim33, wherein
t he second device Is disposed to have an oxygen-supplying treatnent tine of

0.1 to 4 hours, preferably 0.5 to 2 hours, nore preferably 0.5 to 1.5

hours. 3542.The arps@t iy reducievagsbbh OtbRRhIE HitrdS&P! eméntt @ndl ai ms 33
or 34, V\heég%&the third. device is di sposed .to _have an anoxic trFat ment

time of OP QBUF BORIENT 5 PRV A%, FOMAISING HRB e fpvaesiet srupsg feedi o 3
hours. andGubjEodngppahaushdd fossvage bivatiwainerto@icisiang one gy one

of clainms 33 ta,35, e _Seco device and third device ar i sppsed so that
the rati oc%ﬁmﬁﬂé t(?x%/%g rgﬁlﬁ&q ?ﬁe’r\f)(o AT n{tfqggnt(i?“g% d&f%gg?%‘ét nent
tine i s lcOnfent m theGludyeeferably 1:1 to 1:3, nore preferably 1:1.5 to 1:2,
nost preferably 1:2. 37. The apparatus for sewage bi otreat nent

according to any one of clainms 33 to 36, wherein the second device is an
aerati on basi43. A me@hd Trerczpperning phokphorsievwage bisbadgea poreratedictoadi ng to

any one o i 7 ! ) i T i t he faurth device
are o scarninfttal Brotess R bilytnf SHAEE ISR LER.{ ront
accor di ngstlgeeting tntheahetodi fos sBEIgedr@@nenhacceirdingtio anyparcadiiclaios 1s| udge
treatment,J ujshep GOMRLI 365yar ! BRAYSIN AR¥hARING" BAIRRLL %padalifoOver i NG
gaseous phosphorus-containi ng conpounds. -

phosphorus-containing compounds in form of solution of the sludge into

gaseous phosphorus-containing compounds and allow the gaseous

phosphorus-containing compounds escape, and (ii) recovering the gaseous

phosphorus-containing compounds that escape in the step (i).

44. A method for recovering phosphorus from a sewage, comprising: (1)
using the sewage as a sewage feed and subjecting to the method for sewage
biotreatment according to any one of claims 13 to 25 so as to convert
phosphorus-containing ~ compounds,  especially  phosphorus-containing
compounds in form of solution of the sewage into gaseous



-62- 40. The apparatus for sewage biotreatnment according to any one of
clains 33 to 39, wherein the seventh device is a device that is disposed to
perform sewage biotreatnent by Whrmann process, A/0 process, Bardenpho
process, Phoredox process, A2/0 proc . reversed A2/0 process, UCT
process, MJCT process, VIP process, SA process, JHB process, TNCU
process, Dephanox process, BCFS process, MSBR process, SBR process, AB

process, @hodph (btﬁ@-o@hta@‘ﬂilngr oCesinp cmrmserrbrmle preit@ss, rhyi ng gageoyr ocess
or a conbi t| on t reducin car bon cont ent,

t hod for

ni trogen dURERRRT uaﬁgn%ﬁragghswag% SRtahen s HgEeTRanEn (o geus

bi ot r eat nmphiosplesrapicoataiging Songpdunds shateégeaprsinahs kiegdd. f eed and subj ecting
to the method for sludge treatnent according to any one of clains 1 to 12
to reduce the carbon content, nitrogen content and phosphorus content in

t he sludge. 45. Adthetifodrédhsltdierredection tgamaertipcompnisary thenféliogag cont ent
and phospt}&{?%s content in a sewage, conprising using the sewage as a sewage
feed and J'ecting to the nmethod for sewage biotreatnment according to any
one of cl ai ns(a)3dntrod@&ingm fietsdedgenfroona sewage i@ntatment poopess andtagnt and

phosphor ug,cant € Qéw+%b dtf&% ﬁ{tggg}eegmblc tf&atméhi "5 (%r{lto rfafér %t;lgcﬁlv%f-‘a?%n

phosphorus™from a ene I'n” a sewage rocess
conpri si ndasigl) using the sl udge as a sl udge feed and subj ecting to the

met hod for sl ﬁggg Bfe@ﬁﬁglet?]& RECRES 3%, Cﬁ&l %yth%nﬁ?l%f[n&ltiaéaﬂﬁeﬂt %8nd 4050 as to

convert phosphorus-cont ng conpounds, especially phosphorus- contalnlng
conpounds aﬁwbﬂ@tfﬁﬁfmefgol ution of the sludge into gaseous

phosphor us- co %&b&&l{igfﬂ)ﬁ)@ﬁﬁ%r@@&uﬁbh%ﬁﬁﬁe%@ﬁﬁ)‘? FreROSRBETo GANE al i ng

conpounds escape, recovering t aseous phasphorus-contai ni ng
conpounds 20f%iC sertEsat pane rrckraply(a )“»edlmen atipp basinefasomnoxes ticatper i ng

phosphor ug Bb&'ﬁi @sémudg@%h% aﬁaﬁi d#dll Ng the sewage as a sewage feed
and subj ecti nt according to any one

t
of clains 13n(tgda (%gcgl@tlgg ity %ﬁ&pgﬁf of the slegor{deas}u ge back to the “aerobic

phosphor U&e@ﬁ’ﬂérﬁ' POty CATP OPtiHEaleP Rﬁﬁlﬁkglﬁghﬂépf@,[diﬁi Gt JfMihRYs&dREoUNds i n
form of souggl on of the sewage into gaseous -

phosphor u$ fit ai ni ngconpoundsandal | owt hegaseous phosphor us- cont ai ni ng
conpounds escwherei@nbe (dlsc)har@m\r@sidm e TREROYScHIIOSIIA éqsascgnﬁo@dlm ng

Feduot 1 on M SR RRr AR dhipREATESD %aalﬁrawwégst B AR Serobic Trebfifé

can be carried out in a manner of intermittent aeration or continuous aeration.

46. The method for sludge reduction treatment according to claim 45,
wherein in the step (d), at least 60%, preferably at least 65%, more preferably
at least 70%, more preferably at least 75%, more preferably at least 80%, more
preferably at least 85%, more preferably at least 90%, more preferably at least
93%, more preferably at least 95%, more preferably at least 98%, most
preferably essentially 100% of the second sludge is circulated back to the
aerobic treatment zone.

47. The method for sludge reduction treatment according to any one of
claims 45-46, wherein in the step (b), the aerobic treatment time is 0.1-4h,
preferably 0.5-2h, more preferably 0.5-1.5h.

48. The method for sludge reduction treatment according to any one of
claims 45-47, wherein the mixture solution in the aerobic treatment zone has an



(a) Introducing a first sludge froma sewage biotreatnent process and an
opti onal sewage feed into an aerobic treatnent zone, preferably an aeration
basi n; (b) Subjecting the mxture solution in the aerobic treatnent
zone to aerobic treatnent; (c) Intgaducing the mxture solution from
the aerobic treatnent zone to an anoxic treatnent zone, preferably a

sedi nentation basin, for anoxic treatnment to obtain a second sludge and a

super nat anrdutleddiksolved dx@keficbfitehabf 09 t@t4rh§@$,tprﬁ%fafbcli§bfl.5 re3meaondosd udge
back to the Eﬁer@bi c t{{ga msiggt ﬁone, and ﬁg‘y onal |y di scharging the residual
part of tHECEERNS @ %’,a er thGAerabiG eI @it char ged resi dual part of the
second sludge has a total M.SS | ess than the total M.SS of the first

sl udge; and t robic treat t C e carried out i.n a manner of

Tt tront - 48 dfeaRefiod G ik, EehGe BmER SikortMe BNSHErYE o1 uage
reduct i on daieat 4848, adeasidithg abbit aiemmdnt Avnertaisra slogé llaensérﬁmtidih) of at

| east 60% e at. |l ea % re rahly at | east 70% re

pr ef er abl Qa@ﬂ%gﬁﬁ)‘d}gaginm%%@?ﬁf%r IV%@%Q@&&’S@‘%G %ﬁra& ye]éleor ly at

| east 85%tortdr@O0mgierably at | east 90% nore preferably at |east 93% nore
preferably at |east 95% nore preferably at | east 98% nost preferably
essentially 100% of the second sludge is circul ated back to the aerobic
treat ment zoné0. The matho@hfer rebudgedrddoctieh utptmeedactardimgt toeanyreme @fccor di ng

e b 0ctoRe B eer ol iep ST fbAhE  B7 FOFD D) ek Ol Raeder o

met hod f ohebpltyescediatning compeamnde genetetadridithe step (ahgndioe (0f cl ai ms 45- 47,
wherein the m xture solution in the aerobic treatnment zone has an -64 -
outl et dissolved oxygen content of 0.1 to 4ng/L, preferably 1.5 to 3ng/L,
nor e pr ef er abb{- Zn app@arsifosstudec redudiondiatment gomatsing: 49. The net hod

for sludge regducidi8pict rEAMERRZ0AE CRMUH BoPriddy a &t Mief ke F&e!fﬁﬁgé%’

wherein the aerqgbic treatnment zone has a s?uge concentration o 000 to
30, 000ny/ Kirstysludge.apsgeandopdet; forageoyoms Al leagb partpfer seemnd, slndgogindo

15, 000N/ lgptionally a third inlet for receiving a sewage feed; wherein the first sludge is
from a sewage biotreatment process; the aerobic treatment zone is used for
receiving the first sludge, the second sludge and the sewage feed and
performing aerobic treatment; the aerobic treatment can be performed in a
manner of intermittent aeration or continuous aeration;

An anoxic treatment zone, which is used for processing the mixture
solution from the aerobic treatment zone to form a supernatant and a second
sludge; and

A circulating device, which is used for circulating at least part of the
second sludge back to the aerobic treatment zone.

52. The apparatus for sludge reduction treatment according to claim 51,
wherein the circulating device is disposed to circulate at least 60%, preferably
at least 65%, more preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 93%, more preferably at least 95%, more
preferably at least 98%, most preferably essentially 100% of the second sludge
back to the aerobic treatment zone.

53. The apparatus for sludge reduction treatment any one of claims 51-52,



50. The nethod for sludge reduction treatnent according to any one of
clains 45-49, further conprising a step for recovering gaseous
phosphor us- cont ai ni ng conpounds generated in the step (b) and/or (c).

51. An apparatus for sludge reduction jyeatment, conprising: An aer obi c
treatnment zone, which conprises a first inlet for receiving a first sludge,
a second inlet for receiving at | east part of a second sludge and

opti onal | ywhereli titt aedobic treatni@ueioneny dispessdae headan \Weestsit rdai@eht r st

sludge is from e.bi ot reatyyent process; robic treatnent zone is
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f or sl udgdreagiant Zane andght menxicdozdmdinzprteco cl ai m 51, wherein the
circulating device is disposed to circulate at |east 60% preferably at

| east 65% nore preferably at |east 70% nore preferably at |east 75% nore
preferably at Spedstmgbog iosrscvmgst tcalvhgntaby | dadge 88dgction; ecommisngbl y at

| east 90% f I I 9 5% nore
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conpri si ngidréemesezd i, Ch%@ﬁé@fzwg)yphosphorus for recovering gaseous
i ni rated in the aerobic treatnent. zone and

phosphor us- cont ai pi ng compounds gen

the anoxic tr 5@H§ﬁp%zaarl§a§t part o, il FBiEBdheos Resryendrasatarared By si udge
reduct i onthebivrchih&e: zoheRinfICdti 1845t PafiyedSedond dludbehab Rl Bebéntlan@airent , an
anoxi ¢ treat nent gnd/ or.a sedinentati o&ét reat nent . and a sewage bi otreat nent

in order iAM&° ANSE reatimeit Zoap Dark do dhe asropicsirpyment 2878 89 ¢hatr eat nent

zone suchtlas shidgaeisoRidac@bsimult@aeoddBx ivhehr @hat §enigez e RUGikbjasted to

sedi nent ahi Qn lgasi n and a biotreatnent zone, characterized by:

G rcul ati RPUERUNERSt part of a first sludge that is present and/or forned
in the biotreatnment zone and at |east part of a second sludge that is
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(a) Introducing a sewage feed and at least part of a second sludge from the
step (d) and at least part of a first sludge from the step (g) into an aerobic
treatment zone, preferably an aeration basin;

(b) Subjecting the mixture solution in the aerobic treatment zone to
aerobic treatment;

(¢) Introducing the mixture solution from the aerobic treatment zone to an
anoxic treatment zone, preferably a sedimentation basin, for anoxic treatment
to obtain a second sludge and a supernatant;

(d) Circulating at least part of the second sludge back to the aerobic
treatment zone, and optionally discharging the residual part of the second
sludge, wherein the discharged residual part of the second sludge has a total
MLSS less than the total MLSS of the at least part of the first sludge that is
introduced into the aerobic treatment zone of the step (a);



56. A nethod for sewage treatnent by sludge reduction, conprising the

foll ow ng steps: (a) Introducing a sewage feed and at | east part of a
second sludge fromthe step (d) and at |east part of a first sludge from
the step (g) into an aerobic treatnentgzone, preferably an aeration basin;
(b) Subjecting the m xture solution in the aerobic treatnent zone to
aerobic treatnent; (c) Introducing the mxture solution fromthe

aer obi c treat (remIntZGmmrtg)ﬂ&nsWatantt Eqﬁrmﬂtomoﬁiﬁm thcehmdad |l tyeatment
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di schargi ng the resi part Irst sludge; wherein the aerobic
treatnent can be carried out in a nanner of intermttent aeration or

continuous aesat T88-methodfbr s-g%iggqféh‘?ﬁeﬁp'bysﬁﬁ@% rédﬁifoﬁeﬁgcopd'm? tdge

reduction according to anjyéone o} al s erein in the step (d), at
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60% pref ¢y aibtulatetl Haeks6 (1fB%robRTtecapmehes@l.y at | east 70% more preferably
at least 75% nore preferably at |east 80% nore preferably at |east 85%
nore preferably at |east 90% nore preferably at |east 93% nore preferably
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100% of Qrely fo'nrescgf Sllalmg%S §7 flecr%gnaiirle ?he? g‘f:ep Egcj feadt 685%, prefergbly at zone.
least 65%, more preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 93%, more preferably at least 95%, more
preferably at least 98%, most preferably essentially 100% of the first sludge is
circulated back to the aerobic treatment zone.

59. The method for sewage treatment by sludge reduction according to
any one of claims 55-58, wherein in the step (b), the aerobic treatment time is
0.1-4h, preferably 0.5-2h, more preferably 0.5-1.5h.

60. The method for sewage treatment by sludge reduction according to
any one of claims 55-59, wherein the mixture solution in the aerobic treatment
zone has an outlet dissolved oxygen content of 0.1 to 4mg/L, preferably 1.5 to
3mg/L, more preferably 2 to 3mg/L. after the acrobic treatment.



59. The nethod for sewage treatnment by sludge reduction according to any
one of clains 55-58, wherein in the step (b), the aerobic treatnent tine is
0.1-4h, preferably 0.5-2h, nore preferably 0.5-1.5h. 60. The net hod for
sewage treatnent by sludge reduction_ggcording to any one of claims 55-59,
wherein the mxture solution in the aerobic treatnent zone has an outl et

di ssol ved oxygen content of 0.1 to 4ng/L, preferably 1.5 to 3ng/L, nore
preferably 2 to 3ng/L after the aerobic treatnment. -67- 61. The net hod
for sewage treatnent b | udge reduction cording to any one of cl ains

55- 60, wher ei Rt HOCABFOBACIT, SaAsEIeaiBHal bYssHdgs sl dicamordieck of
3,000 to 3RyOooReiflclaihefE-60) wharéidOtHeoagtobQOregtmhentmase: hasfersaldey 4, 000

to 15, 000ny/ L. . 62 ne for se tr nt, b | udge reduction
accor di ng PECHHALNNeOh? B@ﬁaﬁon‘%&%@%‘%{ L.t Rf\lé?%gblycg%ﬁg i2rg)g(¥0§rgg TRQe
recover i ngresariyd, (Hbepho0Gmgdnt ai ni ng conpounds. 63. The nethod for
sewage treatnent by sludge reduction according to any one of clains 55-62,

wherein the biotreatnent process of the step (f) is a sewage biotreat nment
process sel ec62dThe anetholdr forrsewage cesdment Oypslodes sediBaiodenmoodipgowess,

rocess, OB ool Rt @ Tohiivie o B ARRsep i &8 pnanox

process, BOPIprusesstailNBBRoppeueds., SBR process, AB process, oxidation
ditch process, bionenbrane process, noving bed process and a conbination
t her eof . 64. An apparatus for sewage treatnent by sludge reduction,
t he appar at us6Zolpeinethgd fan sgeiagbitecaiment bgrtludgmecdugtionagccandiagrtat i on

basin, _an @aicCof EIRERISL6Z A3t thediofeaRUTRRbALL AT MBS AY¢s @ sewage

bi ot reat mrent zone, aré conmmuni cat In or , Characte in that:
t he aer obisewege RiotEeatmeahprargss scleetedgeomeduhiraiann processe WP preggss.r unback

condui t  coImU R %eﬁ, tﬁh&r@&oﬁ?iﬁdﬁeﬁs})&@@ Sesé RS erstldadd Ef@éesél uge

runback conduit co nicating w € sewage bl otreatnent zone, and the
appar at us Ut resesse MU6t] @50sht VLB Ripserss AW A papcashie JHB: RIOGBSS of t he

second sl mUd?mé,Q%ﬂlﬁﬁ&tﬂ%cé‘é@XBQF@ PROOBRE! MSBR irob&sS $iRN the
total M.SS of t g first sludge,m rcul ated fromthe sewage biotreatnent zone
to the aePB¥icES:t ABaPTRSHSS: Ardation ditgh pragessy, SHMBEMErans, PSRy dNPYBSt nent by

sl udge r edud préuess aRdMACoRitIBation thef¥bfaer obi c treatment zone, preferably an
aeration basin, which conprises a first inlet for receiving a first sludge,

a second inlet for receiving at |east part of a second sludge and a third
inlet for recel VAn@pparaawalie steade taahentby bRidge @8duction, the apparatus

comprising: an aerobic treatment zone such as an aeration basin, an anoxic
treatment zone such as a sedimentation basin and a sewage biotreatment zone,
which are communicated in order, characterized in that: the aerobic treatment
zone has a sewage feed inlet, a second sluge runback conduit communicating
with the anoxic treatment zone, and a first sluge runback conduit
communicating with the sewage biotreatment zone, and the apparatus for
sewage biotreatment is disposed so that the total MLSS of the second sludge
discharged from the anoxic treatment zone is less than the total MLSS of the
first sludge circulated from the sewage biotreatment zone to the aerobic

treatment zone.

65. An apparatus for sewage treatment by sludge reduction, comprising:

An aerobic treatment zone, preferably an aeration basin, which comprises
a first inlet for receiving a first sludge, a second inlet for receiving at least part
of a second sludge and a third inlet for receiving a sewage feed; wherein the



aerobic treatnent zone is used for perform ng aerobic treatnent of the
first sludge, the second sludge and the sewage feed; the aerobic treatnent
can be perfornmed in a manner of intermttent aeration or continuous

aeration; An anoxic treatment zongg preferably a sedimentation basin,
which is used for anoxic treatnment of the m xture solution fromthe aerobic
treatnent zone to forma supernatant and a second sl udge; A sewage
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| east 90% nore prefera nor e pre er y at 'l east 95% nore
pr ef er abl ﬁra&slu%bacgra%thq@gnobm @ﬁ@nmtyoé@”sentl ally 100% of the second

sl udge back t%%@n@%’hﬁﬁlcaﬁngr@&%@% #RN§ used foléircdl ?ﬁn?%?%a‘%f artf @ sewage

treatment by s ge re n accor |ng to any one o al ns 6 66, wherein
the first thy secondsiudpedwekde theagpbjsdsedmest pr%Gul ate at | east 60%

preferably at Ahe@jﬁﬁoﬂ%irsﬂ@ﬁ@ggrcﬁg a@%ﬂr}g &viteast d?s(%%rg"@g ehdredignab! y at

| east 75% nore preferably at "1 east nore preferably at | east 85% nore
pr ef er abl PagtolitBe Srstohadecore preferably at |east 93% nore preferably at

| east 95% rrDAﬁ tﬁfn@[ MMd%qudg%a&%cl%ﬁ%ng”&@dlc@f&f(ﬁﬁ@lbirgmgstﬁ@@éﬁéﬁély 100%
of the first 0 the aerobic treatnent zone. -69- any one of

ck
cl ai ns 64%‘7‘0 |2} %‘ioﬁl Slll‘é‘s?eferobl c treatment zone is di sposed to have an
aerobic treatnent tine of 0.1-4h, preferably 0.5-2h, nore preferably

0.5-1.5h. 66. The apparatus for sewage treatment by sludge reduction according to

any one of claims 64-65, wherein the second circulating device is disposed to
circulate at least 60%, preferably at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 93%, more
preferably at least 95%, more preferably at least 98%, most preferably
essentially 100% of the second sludge back to the aerobic treatment zone.

67. The apparatus for sewage treatment by sludge reduction according to
any one of claims 64-66, wherein the first circulating device is disposed to
circulate at least 60%, preferably at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 93%, more
preferably at least 95%, more preferably at least 98%, most preferably
essentially 100% of the first sludge back to the aerobic treatment zone.

68. The apparatus for sewage treatment by sludge reduction according to



69. The apparatus for sewage treatnent by sludge reduction according to any
one of clains 64-68, further conprising a device for recovering phosphorus
for recovering gaseous phosphorus-containi ng conpounds generated in the
sewage treatnent apparatus. 70. Thg-apparatus for sewage treatnent by
sl udge reduction according to any one of clains 64-69, wherein the

bi otreatment zone is a device capable of perform ng sewage bi otreat nent

according etn? mbﬂamringr 648955 ,er&npﬂ@cmsbchaemlnczomEOi@e(ﬁs osedofoedox
process 0 proce NL%
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BCFS procdxs-1. fNBBR process, SBR process, AB process, oxidation ditch
process, bionmenbrane process, noving bed process and a conbi nation thereof.
69. The apparatus for sewage treatment by sludge reduction according to
any one of claims 64-68, further comprising a device for recovering
phosphorus for recovering gaseous phosphorus-containing compounds
generated in the sewage treatment apparatus.

70. The apparatus for sewage treatment by sludge reduction according to
any one of claims 64-69, wherein the biotreatment zone is a device capable of
performing sewage biotreatment according to Wuhrmann process, A/O process,
Bardenpho process, Phoredox process, AYO process, reversed AYO process,
UCT process, MUCT process, VIP process, OWASA process, JHB process,
TNCU process, Dephanox process, BCFS process, MSBR process, SBR
process, AB process, oxidation ditch process, biomembrane process, moving
bed process and a combination thereof.



