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he latter is comonly used SUBSTI TUTE SHEET
tupguLE bg%kdown the organic material in the sludge (see US Patent No.

5,637,219). Based on considerations of efficiency, batch anaerobic digesters
usually operate viably on a large scale requiring large foot print, whereas digesters
which operate continuously are preferred as they produce a steady supply of

methane gas and bio-compost and operate in smaller compact sites.

[004] Continuous anaerobic digesters are classically modelled either after
the one-stage continuously-stirred tank reactor (“CSTR”) or the plug-flow tank
reactor (“‘PFTR"). The former is usually used to treat sludge containing low levels of
sludge solids (typically less than 10% dry matter) while the latter is commonly used

SUBSTITUTE SHEET (RULE 26)
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different stages of digestion. As the initial stages of fermentative and hydrolytic

digestion are carried out faster than the later stages of acetogenesis and
methanogenesis, the first chamber is designed to provide shorter residence time
than the second and the third chambers. No external heating is provided, meaning

that influent sludge is treated at ambient temperature dependent upon the climate.

[008] US 6,929,744 describes a pilot-scale digester comprising an inner

cylindrical tower arranged within an outer cylindrical tower, thereby defining a
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Summary of the Invention

[012] According to a first aspect of the present invention, a device for
digesting sludge anaerobically is provided. The device comprises a digesting tank
having an upper region and a lower region, and a reaction chamber for converting
raw sludge into matured sludge. The digesting tank has an inlet for introducing the
raw sludge into the digesting tank, and an outlet arranged at the lower region of the

digesting tank for discharging matured sludge from the digesting tank. At least one
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transfer pipe is present for channelling sludge from
the lower region of the digesting tank to the upper
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i nvention. [015] The device of the present |nvent| on
presents several advantages over prior art digesters
Fi {814]ly, tAdhird aspeer ofptheepregentainyentiof ishdifeqted to a system for
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RecRb@Ricedvitt iy pRbssigmviehtiough heat exchange provi des

heat to the mature sludge as it flows wup the digester
and exits at the top of the digester at a tenperature
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33 rtﬁg r2:1lgbea}s(t:ekr ;nod g)%lliist gt the top oft t%e tggsr,telr at gefenﬁ)eré]iure suitable for
commencing anaerobic digestion in the digesting tank. Additionally, a wide range of
organic waste, including discarded food material, animal manure, abattoir waste,
vegetable waste, horticultural crop residues, industrial organic wastes, sewage
sludge and source-separated household organic waste, etc. can be completely
processed into compost which can be used as fertilizers, thereby facilitating the

reutilization and recycling of carbon back to earth. No waste water is being
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processed continuously to produce a steady supply of
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y verticall t¥1
ﬁérnﬁ@taeﬁéabﬁmlbhambérowmm which anaerobic digestion of the sludge occurs.

The digesting tank comprises any vessel having appropriate dimensions for

housing a reaction chamber that can continuously process the sludge in a single
stage. A continuous process is usually favoured, since the sludge is processed
continuously to produce a steady supply of methane and compost. For example,
the digesting tank may take the form of a substantially vertically oriented reactor
column.



5 WO 2007/114787 PCT/ SG2006/ 000077 [018] The
di gesting tank conprises an upper region and a | ower

WO e@7on78The upper region refers to any part oPCT/B€2006/000077
di gesting tank | ocated above its mddle, and

correspondingly, the lower region refers to any part
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t he amount of sludge to be digested. The vol une of

the reaction chanber is typically selected to control
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d t k
(e tioessingt ok i PR SIREASH G RGTOARE, heram il igae to be
cggeétgg ﬁ'ﬁé‘% Lﬁ’ﬁ%%hg\”%?éacn&ﬁ %bh‘bbeﬁ"iﬁ &pidang seldited to control the

nmensit ons o estl ng tank. The reactjon c
migtiveorasidenceatimegrasmireds tor Nigest JBet $IHEIe-aRRese ingnsions are

ﬁ%ctsﬁ ggch ?l’?atal Eﬁb?g% éya?ﬂﬁﬁﬁwglgﬁgﬂéﬁ%ﬂ‘n@ With 4 !‘.lhglﬁ-pass or

stlng € present invention,
withssevera pamf ropgtpéhe ofigesiing tankefAs e yreagtion chamber is
l wall é%tﬁg withiig gif ﬁ@egﬁr&ﬁﬁanﬂ{ g'lv\egéﬂfezﬁlfog%odg the r|]"eact|on chamber
Qét%?tdétérnﬁlﬁég the dimensipms of rtlwlchgesdmg ttaek.dT lg@seacrt@n chamber

tank. Each
el LSt B0 SN0 D) Bt o separtl
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Loyt JBSionr™ e Rkl b IR uphdhih & 8 cid¥sth§ank. Each
transfer pipe is arranged W|th|n the dlgestlng tank, either mounted to the internal
walls of the digesting tank or otherwise, and has at least a part of its length thereof
. arranged within the reaction chamber. The purpose of so doing is to enable down-
moving sludge that is moving through the reaction chamber (hereinafter used
interchangeably with the term ‘maturing sludge’ or ‘digesting sludge’) to come into
contact with the transfer pipe. As the sludge that is moving down through the
reaction chamber will usually lose some heat as it moves down the reaction

chamber, in order to maintain an optimum anaerobic digestion temperature, the

6



reacti on chanber will usually |ose sonme heat as it
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resalts in at transtfer from
theetr aNsfén pipd. Thig deﬁpBWmmggratmenhesuhanshmt transégraion (_t,he warm

m?%#r%ggge nn%/vlﬂr?gggp u,rtf'lgﬂ gf?ﬁ?) tav)(b Lﬂggvgt Mﬁv&nﬁ%éﬂuﬂﬂg sludge
V\ﬁtﬁiﬁctHeo?ea(ﬁBﬁ”@I%mbér NI tHiRinfsthed! nfatG@its ishidget in the reaction

enperature by the heated m xed sl th
chamtler mnaun@m@a@t@uccm%@téﬁme@@w%ggf thsdaatedypat Hidge. On

the éﬁg? Bgnél %’%ﬂ% hédts n‘ilﬁéﬂl) §Iruﬁbérl@sécsqlléa?t tb Iﬂﬁéﬁﬁﬂmﬁg sltidge, its

etrans Wen the raw sludge 1s
tethperaturg dalls thoonghbet lts uas$|tam the ;t@naferm@ Yt theer@%ﬂudge IS

u hav,
s STFR RA RaiBL bR e phBt IR 1% BB 10 have
félFe?nUtb a prYétérthinéd femperbture aitabladort therrhephpls ellges’aaoroto occur.
the m xed sludge prior to transpttin
Sousaeseheas Tpkraking HisvercsrlEs Haize ke sligap Rig 1 Fansmiting
Itnﬁ t’chla Straﬂ%fé\‘ 'pg)%dmg?! coﬁ*@sfrcﬁ"ﬁ‘ @ e eflénatRer ery ﬁ)éb,tqeﬁrowded by

I n one enbodinent, at

gaemglm@rweammdlmeﬁéne@aaﬁafﬁf @eRef aci litate the
transfer of heat fromthe sludge noving up at |east
one transfer pipe and sludge noving down the react

chpoddr, tlh @lnetgmboqiment @g?aasteom frieppieh pipeds adapted {oHaciltate
tég( g_nsffgr o{ fogﬁ&e%&%éé;@tooﬁgru%aﬁtléé@g gﬁgﬁﬁﬁs’@f;er pﬁfér and sludge
RSV Nddwrd l:tl‘\é ae@ctich Idherrmsetrtdna)yavmproaMQe tlwraf%mmcy of heat
area for contact wth the gfg

e S St b e S0 ML, Bt e may
iGA0G& AHS B8 réx’éé?néi@&'rﬂébé% pefiadethavabdilablessfacdgsred for contact
il

reaction chanber, includin ai ght

with thediqyirperoyingrslulgesen Bieast opefranss %Et%’gmﬁg Higreny sutable
ﬁgg@%u% otﬂr T Sfr%%re Q:HHE'CPQMEH“%@' érIG&l?é tlﬁr@iégheacﬁlbn chamber,

one er pipe. An exanple he actuating
ineladingiznstraigletpige eca evilednipg copligitraiPunp di aphr agm
punp etc. The transfer pipe discharges the m xed

sl udge at one or several points in the upper regi on of

t hepshioest ARacualg nfinsnay) by provided for pumping the sludge through
at least one transfer pipe. An example of the actuating means includes a screw
pump, piston pump ,diaphragm pump etc. The transfer pipe discharges the mixed
sludge at one or several points in the upper region of the digesting tank, optionally
with the aid of a distributor means for achieving even distribution of the mixed
'sludge in the reaction chamber. Discharged mixed sludge then enters the reaction
chamber and commences its journey down the digester, typically taking between

15 to 21 days or more.



with the aid of a distributor neans for achieving even

di stribution of the mxed sludge in the reaction
webamher7s7 Di scharged mi xed sl udge then enters REESG2006/000077

reaction chanber and comences its journey down the

di gester, typically taking between 15 to 21 days or

nore. 7 WD 2007/114787 PCT/ SG006/ 000077 [023] Upon

reachi ng the bottom of tES reac i,on chanber

or 9281 ¢~ mkdnoni Egaching: fie peYey 6f e BRqcharpfeh, Jaw,graanic
nq+tg§§1t Rdhel m&ed CENR 2 WolldIRAN e beé&h@@@@ed M.d. I’(xbn'fpwx organic

ge is broken down froma conp formto a

maleeoyles intbeaay shistoeds bioks ntdféNerszr@oP §<PFI]B'§é form 9 %ﬁn{g"ﬁ%’ form,

|
tﬁﬂéggng)p\b@ 1’\‘%?}5 Inlcr}%eslpﬁié’ mﬁib?wgS%h%ﬁﬁ% 'M&uﬁeaélﬁdéé Riaves the
digesting i tangk franktheﬂoutimﬂmnatqnb at thenlogfer trﬁ@loma:tf dh% digestigg tank. A

.is re I to,.the. di

APt pg%lgpg éllggp Fr%éterggsltll el%%!ﬁ,ﬁgsﬁqa ﬁg @Q}d& ﬁaﬁlny‘i?b%r\{vhtllg a small
JIr s s e ottt dFbRE6m pastitadaTd mhtuestidy to-prodpeeshigh [ghd pathogen
Any anaer obi ¢ m croorgani sm may be used for

freehipiogINOsl anaer obi ¢ di gestion. Conmon types of

bacteria used for anaerobic digestion includes

hydrol ytic bacteria, fermentative bacteria

me{024{ogeriny amrebucumcmﬁﬂaru%rétrn@é he uised dex fadlifgting anaerobic

i fic.exa I
qs gﬁch og; (Gepm rg)ﬁe?fpéa ogagﬁéec‘rféiage%%geﬁ&?’aﬁgérlaﬁgégkg ac?grr‘ includes
HyRBIPEG badTeridlFemadritathecbisctens, enethanegenid bagterium, and acetogenic
met hanosar ci Ea met ha i ca, .and et hﬂldﬁ?sarc

hagderiksphiInesilicCEXABR smgf 0ba e ¢ e n;ag{hangga%er for icicum,

fethahdphdtbt aoeRfgéie MedrRPbbadter [rOn"-iﬁiatlLﬂ‘rdemeﬂmbcoccus mazei,
condi tions, no deli berate addjtion of bact

m@h,,sme;hangyatiﬁr;a methaniea, Ang methanqsacing Erl 2 ?\illﬁ Common
Y& %hﬂﬁ.g'?q nﬂ?féd&?b@%%é@?dr@acm’tbﬁﬁg?ﬂfe dlﬁeétbﬂ mat ur e

udge uced Into the raw sludge and is able
to work the raw sl udge under conditions to which the

Pﬁﬁ{’?ﬂ a | é‘éJ gé/t {tISHS 'rﬂ) diBLratd Oagﬁﬁé‘tw bﬁrbé&’dena is

er|a popu |on|nt e reaction chamb
ﬁécds@érydlmemﬁ)ang partr afatheanatuse eiudgefwith raw tshedgg @ggv@ pbacteria

sl plie UGS PybBug Ly Bl Blibdlan g e to ok
ﬁﬁar%ﬁl\?ggg @lbﬁl&zrt é&ﬂilﬂdhtsQQWIGh ﬂ?e/mﬂelfia)lma’lréad&tadaptedl In order
a
tmegtablgshd@rm@lv@rba@j@{%pggglg]ugrléﬁﬂ’}qp cf ; abl’xgrﬁlgter oF fh digester,
92‘%?‘% iy Qte |§”f5d 't§ tﬁ@H@sté‘radﬂé’ fleRahRInecuddany ©f acladley/an initial

g vacuum This is achieved by
Bsaldemeltln‘@pgfaa#wt iskyshe top of the digesting

[026] In order for anaerobic digestion to occur, oxygen concentration in the
reactor is kept at a minimum preferable at zero. This is done for example by
ensuring that the digesting tank is hermetically sealed, and preferably kept under a
slight vacuum. This is achieved by extracting gases from the top of the digesting
tank (where produced gases accumulate). In addition, it may be possible, in one
embodiment, to have a digesting tank in which the reaction chamber is adapted to
maintain a slight negative pressure. This may be achieved by hermetically sealing
the digesting tank with the aid of a flat or dome- shaped lid having incorporated
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tank (where produced gases accumulate). In addition,

it may be possible, in one enbodinment, to have a
waele@ea1478y tank in which the reaction chamber PGI/SG2006/000077

adapted to maintain a slight negative pressure. This

may be achi eved by hernetically sealing 'the digesting

the?gih W égﬂs tdgxﬂetalﬁ%npfwtﬁcﬁ' e8! prdalBed FraPate! didestor meay be
I'ncor po WO 2007/ 114787 PCT/ SG2006/ 000077

comtmwualyaegmed;u%lt@natfwebmltm iplse Rpssible o epniioEgusly goduce an
mtﬁlgtte%q% %ﬁélr\ a? 'Pl’ltmlaénrb@t% ﬁ'gé’(}ﬁ gé‘é’cﬁ’l‘éstlaﬂk IrESREEEH reduce the amount of

rvery,” ossi'bl e to conti nuously
okygenoduce an inert gas, such as nitrogen, into the

digesting tank in order to reduce the anount of
oxygen [027] Prior to adding raw sludge into the

{i Ng Hrapko abilifgraw siliditomtd the digestingatahy, thexed: sludge is
WI h hmature sludge I'n order to introdu e anaerobl

preferably mixes with tm@urqiﬁ}uggga@@rdemg i ¢ bacteria into
tﬁ@Fe[\A/ ?Rjdgat The rrﬁﬂt"f% tHh tb%tﬁa‘?rlé!@bfut |§Léﬁﬂ ﬁﬁtaﬁlb' \K/éy ralch taaestirring

hannel I i'ng the m X
tisé uigtere lim cugtixiag sialuidg)e chﬁnnelhng e rwad ﬁdeQQnthb%‘Qh a sludge

d out h
et 1he Bhing i Ebid B lfye? W o afing ek or gutside of
the digestihies tak. mayemex:taerlosmofdmatvmbdngmay be aingas outnithin the

tank, for exanp [028] In one enbodi ment, the nixing
W@Qé@?ﬁf?r&%@"ﬁ’% xing region arranged in the |ower

region of the digesting tank, the mxing region bei ng
adapted to receive matured sI udge fromthe reactip
chi0R8]r arld onenembadigerty §1a MHENg Aneans campprises a mlxmg region

q'rﬂt rg%ﬂlfﬁ ttt#eo Bv@i‘ W‘n%’f E@&gé&fﬂ% tbhe th@‘fﬁklnb%gﬁﬁ tdng adapted

er ena es t udge t seeded’
tarndcem/e( achtuviet Isludgerframp tie mc@mommr@wdsnawa@dge from the inlet.

ner g‘gépﬁ{ﬂ)&gomﬁa\glbsiluc{aegﬁg) anﬁfatl'e & r otnecﬁc tﬂé él‘éd%gtertel'r‘\%bles the raw
élu@q}%cﬁbe Pégstedt and reixeg peith mgnophlms arienditgredtsludge, thereby

. Al ternat I
forrainera mn@e{ging |que1£¥ te,rghgl%tgf @lﬁ rBE,(thsth@ ahs e{ggn?rgl\’,c\t/ed through

ocﬂélglg ﬁ\oré'%ngl%r pigdbane u‘bﬁ@ﬂiéd’brﬁ ofihgi mgeétmgi tank.vAlternatively,
one of NDre screw pu

h
instead pf deing gnyecaludran?éﬂt%apéae Hransieh e, @%hg%&@fi raw sludge
r?\gg%re wtlfcﬁ'?h/HQ’(rjprh @ltng rhitf tr‘é@fé‘ﬁf\ﬂé oPeRfFSmbe éd?@wlmms (through
ion 0 ester. hIS eature not only he
Wblcla\tlmordugh mmng@eg@rsban@gmhﬁaéecbr@a heal @@hg@g@} tg—ﬁ’ore feeding

edi s t
'P&rﬂ?ﬁ g'@ gr 8fpr$ht% @1% & o, rsgféé Qfﬁ%\?g""ﬁﬁﬁgf emsé rf%atmee not only
ﬁélp% e avgluqas tgr?@sslofﬁgpanane praermmg: before feedinginto feadigester,
is transferre romthe d. t h
Buidely §plktn|get|h§Bymﬁsragprﬁgo%)é?%xﬁg ;eﬁﬂjegg ﬂg%v%a tﬁaqe%‘?ﬁ}étﬂ% of the
biyBBEI ALIHGGe Inthbt8action chamber, heat is transferred from the mixed sludge
to the digesting sludge, thereby helping to maintain digesting temperature in the

reaction chamber.

[029] Alternatively, the mixing means may comprise at, least one screw
pump, or more preferably, a plurality of screw pumps, taking suctions from the
mixing region in the digesting tank, wherein both matured sludge and raw sludge
are extracted from the digesting tank. The outlet of the screw pump' is connected to
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reaction chanber. [029] Alternatively, the m xing

nmeans may conprise at, |east one screw punp, Oor nore
w@e@rarakt y, a plurality of screw punps, taki nBCT/SG2006/000077

suctions fromthe mxing region in the digesting

tank, wherein both matured sludge and raw sludge are

15X rhASER Bipk 18 Mahbfitdhg RfitddYudgarto thehep ofitheadigesitingitenk where
screw punp is connected to 9 WO 2007/114787
dRIEBligE2OUEIETS877 the transfer pipe to transmt the

m xed sludge to the top of the digesting tank where

di gestion comences. [030] The digestion of sludge

pr [088]es bitegdigestion af geuges geeducge bipgasnacarge percentage of

Qnpri ses net hane : ' i
R PR A0, WEHAR0 a9 S e I Rt v
drESitRA arfaRgéd s thHeanspex tegidmedn tisis woblieat dise tarfebiogasrafws to the
m xture of gases %ﬁ rrac out | e

ed from.the. f I
a8 f AgSeRFRIaciem Py thepuletis Sessiglal %'ﬁd;%u“&ééfm“ed b
g%ﬁs%g‘ BAGERPIrSmMOArBRFSHIO Aigts a6 alohec Thega gasesiare derived from a
erived froma nyriad of processes occu riﬁﬁ

- pnred fror
miad of praceaseh @RBETNG Witbintengacily Gharg PPl ,CIM'F'Q" fespiration,
aj}%a? é@g Lf%g@%ﬁtgﬁcm'%ﬂ YRe %??dﬁrﬂi%n pc#f EdI9 anaf hyir6GdPb§ various

y varrous " types of bacteria acting on
types of batgeria béidi orfthe shidger aspects of the invention
are directed to a process and a systemfor treating
sl udge anaerobically. The process conprises

| NTOSFAUCT NMPhé dherdspeete dfithe inveltioh e atireotedi foga tprocess and a
first aspect of the inventi qn, gassi n%st he raw shugggn raw
YRR GAT (REUHG BAI08 PSRRI ( TBRAFOHE PR Gs; Miyodtiting

gﬁ&%@ﬂg@fa dévike §é’(fdcré|iiﬁg€f6‘tthe fit abpéct'cl\ths irivégtor, paseing the raw

xposed to nmature sludge and therefore seededvvl%h -
sihdgertipbugledhe Feaation chamdien Jowat padiopk irri s perieder timsesufficient
egjon_of _t ' ' ' i d with
(o6 th e stlfe p o stk R matde) Sutlod) ehla BRrefgre seeded w
Mekmbphitdsu @gier to beiagsntraduqgedriptot thefupper segion ofl the diggsting tank

e BRI Gt hed 156 By b IR Wl Bt sucoe
§ wdg6rew bRy fommderingd i sludgs. t B epurposeafichisbmixing is to

digestion in the digestin ank . n__ingrodu 0
ineBouggemidine MGHVe AnBRIE BAGFLF. (TlayBaphIS AT Bt Taw sludge
|85} r@iHdrinB! i€ Aultiible e lanagrobiy Bjebficn on shepitgeslihg tank when
Irst” step i nvolves preparation of the organic

introciticeth taothetuppes poitign wh fecdigestetinaer obi ¢ di gesti on

and usually involves receiving sorting separation and

size reduction. The second step involves the addition

of [0SR}t ur AnaBrbbieitiigestitnstypichiynidivolyes thiree basic steps. The first step

involves preparation of the organic fraction of the solid waste for anaerobic
digestion and usually involves receiving sorting separation and size reduction. The
second step involves the additon of moisture and nutrients, blending, pH
adjustment to about 6.7, heating the slurry and anaerobic digestion in a reactor with
continuous flow in which the contents are well mixed for a period- of time varying
from 15 to 21 days. The 3" step involves capture, storage and if necessary,
separation of the gas components evolved during the digestion process. The fourth
step is the composting and maturation of the digested sludge.

10



adj ustnent to about 6.7, heating the slurry and

anaerobi c digestion in a reactor with continuous flow
WO poorhi«B7 t he contents are well mxed for a pePCDBG2008/000077

time varying from15 to 21 days. The, 3rd step

i nvol ves capture, storage and if necessary,

‘igé‘é%][at | Ofe8ibnt dihshRFatoPBTANAB tETocdts! sfethedinventprt neludes the

ion process. The fourth step is the corrp st gg
sizadfrthewshiedder cawtsledas, qaxdent Pfsmixinge pereenigge of solid “organic
S
o8R8 1 e R DRR o ot o i

rdsidfdnddaisnd ed mweludgetdaellrvmmided raw sl udge, extent

of m xing, percentage of solid organic natter in the

raw sl udge. Other inportant factors to be considered

| moBype h!Zﬁfeaf-dattﬂre inethedprocess iofieharinverdginnsisuiigechannelling of

| oad
mlgﬁ%eé{gggfpr,?qttg af s&}qgﬁ;{@msfgﬁbl%rgf oI 0 Ehe %ﬁ}ﬁ? ét% tﬁ%é&&% region
Tﬁ*%sélgé’éfﬁlgttéﬁk‘% e MRS régloR of tHeﬁdiEéﬁrrfgqanR the‘aéteone transfer

regrron of the digesting tank to the up
prpeghm aosedtine ofi itelengiiy “atranged9; the Teaedan harpber of the

dE}ﬁ:EF ?%3 Qliadﬁs m%%gjd?;f #15?’ Héetﬂg)tught Eﬂ%%h&[(%ﬁﬁ&ﬁ@ﬂ'cﬂmes into

cﬁhtlétﬂg Q{ltﬁotqeﬂﬂar?]ifélo bipe t:dsr&alnmc heatad ahamti esludgerdbei tamperature

contact wj t etran e _cont ai

gqu;qbteresph% in Jlﬁ?ért t%sfeg& qﬁurlpgls’%: Fﬁaépqqndﬂ\ Xc%jeratlng

térhﬁ%.% ®E WIRGRERYE @gestel Mich tan fber moaftbreduand gontoliety thereby
rature within the digester which can be nonitored

mainigniging the Energyused dhihe Wigle AiossHRE PIRSS8%er gy used i n

the whol e digesting process. [035] Depending on the
heat exchange desired as well as the size of th

di mﬁF: ng D@dndm oi theaheatyexshangedesieed s yeall fr‘ﬁaiheoﬁ'ze of the
al l.e
Ag tap ’t':‘f 8&5’?‘5}9 og?%ééfég p rPgalr%lﬁ'nay 'ﬁ%ﬂn%ﬁéﬁ?’ i? thé‘ﬂ%estmg tank.
R leRainpid) g munpberess tmyfebelpessraagmgcﬂrqnn 2t Bed.df geBtore fransfer
nincs s BBy e pors 619 ROl R Bkl PepPlllier, the
p)gf(éé:ﬁré ﬁre?érabl?%é@@%f hIgﬂchondObili\ﬁ@I materlaswlaicbns at the same time
| es of such a rrat i nc %I nl.es
Qg)rnoggag r@ﬁ@tar@ogwplep ﬁHg adpa{:eglggllngu ﬁrﬁi@?%ﬁ eel alloys and
%@@ r| a that are used for digesting the sludge
er

‘m ne the opti mum tenperature for the digester to
operate at peak efficiency. For thernophilic

60500 O R 8, 18001 dothg b s

der@thihe tN@bptinuan tenperatues fdrethp eligesterdoznperatiectt paak efﬂCIency
Ifsclpfg%ge?mgghlhg Idn ggesttlgﬁ at%egcculffthe equnpcel?angee%r?gcec\g tfbli'&enly between
about 50°C to about 65°C. Climate changes may lead to variations in the
temperature at which the sludge is being freated. If such changes occur such that
conditions within the reaction chamber falls outside this thermophilic temperature
range, then methane yield may drop. For this reason, an important consideration in
the design of the digester is the efficient control of temperature at which sludge is
being processed in the reaction chamber. More preferably, operating temperatures
within the reaction chamber are kept in the range of about 49 °C to 57 °C for

thermophilic anaerobic digestion to occur. In cold climates, a portion of the biogas
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conditions within the reaction chanber falls outside

this thermophilic tenperature range, then nethane
woe@rdiatey drop. For this reason, an inportantPCT/SG2006/000077

consideration in the design of the digester is the

efficient control of tenperature at which sludge is

oBElifkH RERAGRS UFbstion idgsdeRGLh Pt MatFvilersNhroeder to maintain the
preferably, operating terrperatures wi t hi

coptelt obrihishdemperaiire kasjge- i 1p PFerr indeeBs they Gipermpie: bacteria
f%rgcélgrzlnglé;f@%w%y gfIJITBPfNel dI N8 pr&btablyik & sh R rahge of about 6to

imates, a portion of the biogas
80D 2007/ 114787 PCT/ SG2006/ 000077  obt ai ned from t he

digestion is used to run hot. wat er boilers in order to
nalntaln the control of this tenperature range. In

?BG]I 0 ll(m&p pobsiblenapproatie tbaalitaini good mmtonperfgrmance is to
ectively,

el“ﬁlérer bbb enambe oo inh) TSR AIER oddlpied by as

PRfdRgt QB FhitelQOds MFRshbis. PeEf PeaRs aRal fohdiodegradable
ensure t at the reaction chanber space within the

riatgealwinigh isamat digesbiblaugne thusydaes natpeeduseAIydraiiapeeshould as
fgg%g b%)%%lél&sna %ﬁe\%dq’r?rﬁ *Ihé {éwmﬁmﬂgrb?%r to dlgestlon To optlmlse the

eri a
pﬁﬁdeésh@s cépaditynof thp @mbﬁsﬂngtrtynlqemdtr&h@degtadab@ amterlaalrsuch as

qﬁ%cs T%SB%? %rrﬁ*vg/go{i hga@ l%? gr}:ercg L\ng aa{glﬁ eﬁr l\ftOSﬁ%aratlon

dﬁngﬁétctaﬂ[édt é‘urtkbaéédnomldtfﬁa?@i@éablsiza;rMQghtaénct dehlSIb‘/S A variety of
netals, plastics, stone, and wo

ephrideb GepaRtoRRIPadS BAY DeAeadon Y PUROSDUGEY SPening
4 E%{ﬂ ?@fénd n&lif8tic n%&ﬁﬁorﬁ&da ¢8mbirdation Of éﬂ&hl@bysafeenmg is

aration thods may be used for th
ppraiersed miatud i nemoving e ingroanis matsigl end By Bigcoaried out via

neunat i,c 0 of all three.
R m P e or AR SSRRRBR, O i g he
|norgan|c rraterlals and may be carried out via

|ca| t' SrabodifiEht, 2 r8 nq drﬁﬁr%teboé‘ rotary screen and a
| on™ %7? g e Screeni ng
?ﬂgﬂg%ﬁf Wef%réb)y athy @tﬁr?@&rea‘rrdhas asdhamdatbrrof tietwﬁaen ablopt 140 to
ary scre
Blut 480 00 AR BPRTOEDATY: 208 e SHOCRRT tisfeduces the

%,Q&estB@ glga‘?ﬁetéh ef béﬁ\%&eébdlhem MRS (e 16 anim. @o&lmhmlple)ftrommels
et ween a 16 mm For exanple, tronmel

amdi vikirating |sn@e@§rreevnsbmu9e€bé0 wedéce gnd é'&[]"tf’é(eawa/"?lgﬁ%\)gorgamc
ﬁ&l\{@%?tfg(ﬁn tﬂ8rsﬂ & Fé'?tt&dsgrhﬁérlg SOfal B §éx§léjrgféd WRA tReaid of an

separ at the aid

el_eetrbm_agngnet [038] Prior to adding the sI udge to the
di gesting tank, it may be

[038] Prior to adding the sludge to the digesting tank, it may be .
advantageous to reduce the size of sludge being processed and thereafter form a
slurry/sludge mixture therefrom. The objective of size reduction is to provide as
large a surface area as possible for digestion and to obtain a final product compost
that is reasonably uniform in size and texture and therefore ensuring its miscibility
with soil and earth as a planting media. One way of achieving this is to shred the
siudge into an average size of less than 50 mm, preferably less than 30 mm and
most preferably less than 20 mm. Subsequently, water is added to the shredded
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advant ageous to reduce the size of sludge being
processed and thereafter forma slurry/sludge m xture
wa b@rai47em The objective of size reduction i sSPEDSG2006/000077
provide as large a surface area as possible for
di gestion and to obtain a final product conpost that
slbﬁ gé SGERRAR ISIurinbealire) imorsd embadithdntxthershredubd sludge is mixed

e o e e e B i o o
2{)‘2 glélhécﬁﬂ &c;"rﬁents ISHASIRIng ryalie ABRE 29 thhe defdrel taessludge is
an preferably |ess than 30

inmotiesdibity thecigasting k. B PIOBbRUEHTRG Ul ATEF scwening. Any

add
S R A g *%%%néé]féi i purpose, such as tuo-
sfiye @d&ﬁ?@éhﬁﬁéﬂbw-smwdsthreddme b ualgle aSssmgléeragwqhnedders with
water to formgoraw sl urr%%azl udge havi ng a consi stency

S@'Tee&t?éﬂtreﬁﬂ%t’ vareized Mkt dry solid content.
Shreddi ng may be done any tinme before the sludge is

introduced into the digesting tank, but preferabl .
cal0398d odnagrabie baeleda mayge mrygue ot SRiade by adding

cgnur%gd 'bggtteﬁg U PrRaL réﬁ?yslt?&?é Stibrf & xﬁﬂi‘b&udﬁdh p ﬁﬁ@ th‘éu Qiigester

age coarse-tine Tow speed shredders,
mnsrmatnglyetmat rageslutige cajmrmdelthqmawe@ shidgedeaiey meeoi&#et of the

dilgﬂspag E@rﬂﬁ{mftmrg g Wg&%&ﬁ@ﬁ%@%@aﬁt ﬁéfeché S?tﬁ?be B the former
DRt ehé fdt@retingudgecatitaidg @apteinarnatme |tontrne)d|gesi|rm1tankt\mh|ch are

h
at}v!egd)g Iﬁggs,tfeg Ijo m{}'@%&l@%{;&’.ﬁ@ thgédlggétﬁw\gt t%lallfl dqq}geshoun& fiefefore be
eﬁi&%ﬁtlh Qﬁqésﬁﬂﬁ thé rd@ rsmo?eml'ﬁé%lﬁédi dl@ge T& @'aﬁdp’tﬁ'técﬁ@ethe upper

ter - over ormer is that the
robiodoet thendigbaiG kR RATATRER B0 ReSelt %%w%en@w%ﬁ'udge Is

%’l\ﬁ) ecgeaal ?naaér&?ggii!gé?sqeﬁhﬁﬂwou(?}%égiﬁ\gqgﬁlg'lh'dh%serﬁbémm@nt the raw

and s therefore be effici &
sludgé @emfxedwmrhdlgeawolsslud@esm thieeratioxefcrhaul dgeart gaw sludge to9

t ranspor.t o the upper region of the digesting tank
"%‘fﬁ% t?&ﬁwggg‘r pi pes, so that the m xed sludge is

fubLec}ed to anaerobic digestion in the digesting

an n on i i i

o 040l Meiwger ShogRAALATLL R disBRren sity M ffbetid'tank is
c;t#n'f&gﬁe& f RirthBAblcakdi &R REo 8w ﬁ@agbﬁlﬁl@]coi&fmdst e'Ehe composting

udge that has been di scharged f di
pragks may@@nfmﬁ@eéwmgath%ﬂsﬂ%?d sludlge Ip 3%8&?{9&?% gﬂ?‘} or drying

@gn@g%@h esld‘tﬁ{?)ﬂs era@‘—ﬁ‘g u‘ﬁﬁgppl‘%fénﬂgly, RbAPBEEndTeYmMprises aerating

'se | ested sludgé in the open to be
akid evﬂlmld»fylmb yhmgilgesﬂm diugiget Jo Enproye tha espResting process, the

t Pr ef .
%%I;Hrglslhi;{gﬁadﬁ%ﬁ Be JP'@‘S@ @@S\&‘#%‘é@ @bfﬁ);a}%\slfel&ﬁ LrPSrdeﬁ‘Wlncrease
FRMASIy S the eegs. the ‘

[041] Prior to composting, it is possible to extract water from the digested
sludge in order to recover and recycle the bacteria-rich water. So doing also
enables the digested sludge to dry faster. In one embodiment, dewatering is carried
out until the dry solid content in the fermented sludge is about 25% to about 30%.
Dewatering is typically done by mechanically squeezing the digested sludge, for

example in a screw press or any other equivalent equipment.
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mature sludge may be mixed with wood chips prior to

aeration in order to increase the porosity of the
w@kwdget78f 041] Prior to conposting, it is possPEI/EGL006/000077

extract water fromthe digested sludge in order to

recover and recycle the bacteria-rich water. So doing

al so enables the digested sIudge to dry faster.

one .e nt, t ar ri I
arpagh a There anbot of e Prrsvoh TP Al Y ey a%‘éa il be
midPe AARUIndRPSood Renel oF ttgfollowing riesefiptiond dreavibys and non- I|m|t|ng
mechani cal |y squeezing the digested sludge, for
egaapi®se in a screw press or any other equival ent
equi prent. 13 WD 2007/ 114787 PCT/ SG006/ 000077 [042]
These aspects of the present invention and the
advantages wil| bBrigbDeséniptign ofthe Brawindsn vi ew of
the followi ng description, drawi ngs and non-limting
exanpl es. Brief Description of the Drawi ngs [043] In
]t0 Un @bﬁié?tt@uddéﬂstaarpirtae emesennvanentlmm andido demonstrate how

dermnst rate how i carr ut _in rac

oy b e BeinRIAC LR T el ol s i epistel B b dpsgibed by
5t HafLifrhififg %%étﬂﬁ'e%%n%ﬂ hith réferéhdectoehe ﬁc@ompariﬁ@g drawings, in

acconpanyi ng"draw ngs, in which: [044] FIG | shows

veickenbodi nent of the device according to the invention
in which the recycle stream containing mature sl udge
|s mxed with a raw sludge stream outside of the
[REA]i Ng FIGH.shEwes dnraniddimept pfthe slepice senording toHbe invention

estlng or transmitting mx
nuvgt@% 5 rach S epy SRS st B R i By sludoe
éétréa\ﬁ‘h bGtdidener ﬂf(ﬁaad? StihgltbplesOné eranplee pipd isi presérd in the dlgestlng
i gesting tan

FI G et, anot her
téﬁbwltmm'fdﬂgﬁﬂ@dd\%‘bﬁj%”%%&' %I’%gtl NEhe invention
in which raw sludge is introduced into the digesting
tank to be mxed with matured sludge at '

m Xjin .
ref04 wi tFiG: 2 Bhows @agtheﬁgemwewom?‘jvhlﬁﬁcﬁo t!iaf%ée%\mﬂes are
6 sh ews of one enmbodi nent of the
W@?%\Aﬁgﬁ%@g%ﬁéﬁ?ékt he invention in which four
transfer p| pes are present In this enbodinment,

w_sl udge mat ur.ed d :
m 1A 7o Bh 2 acinh yehaneu iy sEURRGe A Ine 5HicE boding to the
lhOeﬁtldﬁ‘ i Vit e ﬁﬁldgéﬁﬁrﬂbdn&mﬂ m\tcgthd digestingrtenk f@hemixed with
FIGS. 7 and 8 depicts the s.' % acn s‘? sgekctlve vi ew of
mared sihdpe atamlxmg region within the digesting tan

[047] FIGS. 4, 5 and 6 shows a various views of one embodiment of the
device according to the invention in which four transfer pipes are present. In this
embodiment, mixing of raw sludge with matured sludge occurs at a mixing region

within the digesting tank, as well as in a mixing device outside the digesting tank.
[048] FIGS. 7 and 8 depicts the side and perspective view of a screener.

[049] FIG. 9 shows a simplified flow diagram of the process according to the

invention.
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[049] FIG 9 shows a sinplified flow di agram of the

process according to the invention. 14 WO 2007/114787
weaN7$E2806/ 000077 [050] FIG 10 shows a si nppPCT/B€2D06/000077

flow diagramillustrating the various units conprised

in the system according to the invention as well as

OCeERES|1§ 3hbiv 4 ifibéh flWCHiagrapy Slustratiidptizs adous units
Dg ptl on o? Pr ef errggw[lirrbodl rrentagr e

0
owhprisechit e stystam sesareing 181nG IMYSdi &b Walhas e Ryopssses cared

VAT ARty In this enbodi nent, the device 100
Oldto‘ﬁ'psﬁcsesyts di gestl ng tank 102 haV| ng an upper region

gs d?ﬂm ed by the arrow 104 and a | ower reg| on denot ed
1%2 Iseaa:; alled Peseint eprem@' bhfsd tank

di gestion of sludge takes pl ace. A raw sI udge stream
109 is introduced in he d este

| dOBlbd aFiend Fows & Bit crmbosant of 458 leVicB gldbiaing to the
lrﬂ)egﬁéﬁ 0 i e io dimeHt, | 1RE d'ech N@C&dmmme@fatd‘mstlng tank 102

ured sludge 1s discharged via dischar ream
hekingent Urm)ermon ian gepotedibyrihe arrowe! Meand égo"&‘?rd ggion; fé“d‘ed by

€ SYBE T or Apide o thé SR tarffe B NS 2 TBARI gdinber 107

viHeps edhaefobit riigestionref slud@bgeama hlacewAs Fawd giudge stream 109 is

LS S 0 57 PR B g s

tﬁﬁﬁiﬂg@ﬁﬁ’g i Vik ohﬂetbﬂﬂwgp@m@ﬂ of Hexeadtsbd dgelgens elrseharged via
igesting tank 102 via the inlet, 112. Th
dismar@e loparb Jrbaunls the rermAeINg POSgLONS et sludusts recycled

?&?P,%r El?claantl hﬁBmRé%gclé |s4dam 49 h@@@r‘nbrn%ﬂl \Dl[h MM slu'Bge stream

I's”arranged al ong
mgeatdn@eé t1 Qn@etezbmn gt mgturgtslnggglyltrhra‘% plyplgﬁ (Ig,qre,nlagter known

’tfﬁpdal ﬁ-\"]@F? ﬁg ﬁﬁ‘oblﬁbg th{a haw El%@&gé%tr? hREHRIcedéfy anaerobic

cones into contatt wth maturin
tﬁdc&’élﬁeredﬁﬁéeﬁdn ingo Hewigested. iaed |Sh1dgelmriﬁ§rthgaﬂge %ng tank 102

o it Ciudipe Tlst de 75 eartdaF (8 RS Pd, 160 et transports

Hn’grrﬁ?giﬁ‘ﬁg%egbgﬁggr ré@:drheozt Fﬁ’f&ﬁ‘raisf@n mpe 12Diis arranged along the
udge 1 n

wohd® hat hecdipesBoARK 50 thatay %agﬁgtpgm%ﬂﬁﬁst‘um tﬁ@% [BeRfih within

Ab IRkt ch%mb%?clld)'? Thiet trh@sfbe pipRr ades iftiof émtactcmth maturing
occurs between per and | ower zones of

sludgs tdescendisg] dae x@mcgvmm@’@mtsefdﬂ%héheg%%w /fegieting heat
f{%ﬁ?sfctarﬁ %\%graltﬁér?ﬁ?taﬂrg% mdﬁ ttﬁ@ rei&ﬁgté%ﬁ?w&nd the warm

i gesting tank
miked slodgden the transfer pipe. ThIS mamtalns the sludge in the digester at a

uniform and constant temperature suitable for optimum thermophilic digestion to

oceur. Little temperature difference occurs between the upper and lower zones of

the digester.

[052] The mixed sludge is discharged from the transfer pipe and enters the
reaction chamber 107, and begins its descent down the digesting tank 102. In the
reaction chamber, bacteria break down complex biological molecules in the mixed
sludge. In particular, carbon based substances are converted into methane.

Methane and other gases released from the anaerobic digestion and other complex
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reaction chanber, bacteria break down conpl ex

bi ol ogi cal nolecules in the mxed sludge. In
w@anritctaBar, carbon based substances are conveP@ESG2006/000077

nmet hane. Met hane and ot her gases rel eased fromthe

anaerobi c digestion and other conplex 15 WO

Qggéé'sli’ﬁ&]mﬁ&-r h SERORG(CHSPY Chdmber aiesSes thec uppei r@mm of the

e reaction Chanmber rises to th
dl@egkm Fank sahis anacuated vz the gaovaule) 24q DBART ifdal cBRditons,

4. 0
D ot i
didjestaiiradiuned. UFrexibadeh 422 és eloped towagisdggcpqntrm@qt ﬁlge mature

s@?jg{agg d?%atteg?ehé&%%uﬂgﬁt i‘f ‘gn I’gérgqtgig An%ed%qa bﬁﬂmﬁl? dﬁé?:ﬁarged or

agal n par
N§W§@ﬂgrged or recycled. [053] FIG 2 shoms a further
enbodi ment of the invention in which device 200

conprises a first transfer pipe 220 and a second

t r@nggler H18C2%hbnaTd AlrgRe ehfbodtrﬁ&td'}fﬂﬁé'in\l@ﬁtlb@nkwhlch device
f the transfer pi pes are connected to an inle

Zﬂmt&ohmaﬁe@ firat tranafen pipe 220 @gH shsesondHeangissiRiee 22 a&reeged in
enters,.t
V57 yeE i £S5 5 0 PR Pp sk eRERr e 212 ocato

alﬂm}]ihdl;lrl&?ﬁﬁ ketfi@e of the (Heymbalsy.eﬁ;eveatecb $heh digpstert viadnteR 242 and
ile e renui o t fot t

el ST 0 S804 B g B e
e PafPliRedlschidrgd s[r%ﬂmstwi ohilstthe a@m&@%gapdrtdmamﬁthepnatured

I nto sludge punps 227. t f
sn!ud@er BBOYORY i FBBIE SHENSP e MR SBATA 246 AF defnbined

vk dé ﬂme sﬁ‘@éd‘lrﬁb@ Qgcﬁfa\'/vﬁ Mk?'lﬁtor@,lef&gb Vkipst 227. Apart from

ormamxe sl udge. 54] M xed sl ud n
raaﬂhglsrhkme ap Zoi thet reantiori chamber, ather%\wégeepumpﬁeg%b@lso act as

a di st t
kbbb B 9 SR By Lo B 28 sudoe
plurgllty of nozzlesh234 whi ch evenly di stributes
m xe e .0 t he . .
eriBaflren Moer ltae Brededt et P2 R RIBER vie feritbpipe 220
%zﬁo&d’;%aﬂg?ﬁgﬁﬂ 2{?01 gdvatesﬂt eefﬁe Egpérar@@@bf the5bgesting. tagk. The
r enbo
dﬁ?tfdbﬁ@" cPetRTisen 3 AT Ren SRS BN Al o dagiutes mixed
qE vbhgqé“reséﬂdrﬂ%hémaér 201€ In AR @mbaaienm,rrme g@es outlet is
ninlet and an outl et 314. Raw. sl udﬁe entering

arfengedi afethei cegtreaf khesop 209 afithediogsting tenkg0fegi on 341 -

Wi th oncom ng nmature sludge from the reaction chanber

307, thereby formng a m xed sludge. M xed sludge is

di '[$55]ed blmc; estisdvepacbthasemBadinent nbthe invewtiodswhere the mixing
suction in

between ralw sFtdggsgm? fméc’tﬁltee slu%ge occurs within the digesting tank. The
device 300 comprises an inlet 312 and an outlet 314. Raw sludge entering the
digesting tank 302 is mixed at mixing region 341 with oncoming mature sludge from
the reaction chamber 307, thereby forming a mixed sludge. Mixed sludge is
directed by the sloped base 322 to move towards suction inlet 337 of screw pump
341. The screw pump 341 provides additional mixing in the mixed sludge, and
transmits the mixed sludge into a heat exchanger 345 where the mixed sludge is
heated, and then transmitted back into the digesting tank, where the mixed sludge

is delivered through transfer pipe 320 to the upper region of the digesting tank.
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341. The screw punp 341 provides additional mxing in

the m xed sludge, and transmts the m xed sludge into
w@2dGweat47€xchanger 345 where the m xed sl udge iBCT/SG2006/000077
heated, and then transmtted back into the digesting
tank, where the m xed sludge is delivered through

thé& dbautionf hbhﬂaedisgesmdw ction
'\4&&12@('8%%%'%3%%@' 2%%? tIE‘>(:T 262006/ 0'806377 M xe oo

poiniB42 i§ Broyided oV thi e te ghanmieh §gmetrﬁetureegdetig% foto outiet 314

anbe A collection point 343 is provided above
9 H%dfﬁbgfé%éb channel sone nmature sludge into outl et

314 to be di scharged [056] FIG 4 shows a

B8 ron FIGr 2 shiErh, BinsP Sefinal N Bl i8ube AB0HIEY o another
D ITRBRY 0fI8S irfrehtic i ik digesting ik 4412%0n42[$es412tnansfer pipes

Aok st L8 L bl s, o o gzach (Rt e L QLStOBLLY i e
é?%nk”tg% FH%@E%&%B@&@% iR 419. TRERAGSLLIAY tak 402 is

or m he base 422 is sl oped towards
éela&adcemlaneenfomed rplatl‘m'tn 451.t The base 482 s slopgd dowaidssthgrcentre,

ﬂgtﬁg OUtQ{gZE‘S he. ﬁn%% Hl%;%rf %Bﬁl%l of ﬁjéf%@&'ﬁﬂ? horizontal

ﬁlélﬁnrh%@fGéd@;Waydl@eﬂﬁmgrraagﬂd nearthe atiddieland near dvastop of the
access to sa

Geion JeSk. maeehnEBIORS B B ARG e, bfBoes fted
F%g%?*dﬁ;’g%uﬁé’ thARt402780 th &ARE vafidls hperatinig @dratméters so that

hows a side view of the device 400,
maintestanae icag betpariied eiti ve positions of the inlets

412, outlets 414 and nmanhol e 457 allowi ng 'access into
the digesting tank as seen on the exterior of th
d| §e57]i ng FIGnI5 diidws A gdeview of thef devdes 4oﬂo&lu$té%tln96fd)e relative

SLEPOEFST ',ib dr?l 5%1 oqﬁg@f}ﬁ{]gn? {gﬁ & 48?%&{)\?[“@ é(%%sE into the
&Ig@ﬁfngftaﬂk @8 entdrethdi @astiornaf thardhges’l‘hg tards402.ny pluraligy of test
'éﬁ%tﬁ?t“l'r &b ehrrate coB bl o A reSulfe Yaplib Ho4 g agjanged ot

cfrowér > the (rRiBdN] @nd Qhe mlppendr@aﬁ bhthet dtgkst#@Ztaak The test

cated in FIG 4. Manhol es a rovided,.in. th
@zleesogﬁef allaves diegiedici AYfraciioR Qg UdéﬁdProm F*&%g‘ié%eﬁ’i'é'grta“k for

respect pi pes 420. A central gas outl et
ﬁﬁed&%@ﬁtﬁﬁ&%ﬁs extract gases produced in the
course of digestion. Safety val ves 466 are provided

[ﬁfiﬁ]a I et ¥b(§m§ss?1?)ﬁ/at$ éﬁ{ﬁlveﬁpb ﬂteﬁggéﬁr%&)%rlkgﬁgﬁs) SaSrlgdlcated in
PLG hd MamhokRf 487 axeaprddealr i thei tgg et08dot ther dibesting paket02, and
g{:’art\glgqu near respective transfer pipes 420. A central gas outlet 424 is provided to
extract gases produced in the course of digestion. Safety valves 466 are provided
as a safety measure to prevent pressure build up within the digesting tank. In the
event of pressure build-up, safety valves are triggered to release gases in the
digesting tank. Subsequently a flaring system is triggered to flare off of the gases.
Temperature controls 462 and pressure controls 464 are also provided at the top

409.
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di gesting tank. Subsequently a flaring systemis

triggered to flare off of the gases. Tenperature
weonwrnol787 462 and pressure controls 464 are al BOI/SG2006/000077

provided at the top 409. 17 WD 2007/114787

PCT/ S&2006/ 000077 .[059] FIG 7 and 8 depict a

SC ¢syjer tHhal 7GHY b%egﬁ;ed dcfediee tmtwdumemsedoih drieeembodiment
entlion. Any avail abl e generict

afflae nvantion: AV AlaBIaI0eaBITE t/Pes 0 SHIERECS b S Afie a suitable
g&,n%gég]caﬁg@usgdshoms a sinplified process flow

agra according to the invention. A raw sludge
stream 509 and a recycle stream 518 enters a digesting

E@%@ot hel IEe ;) %Wo@lsuéjana feﬂaHPoﬁggs gBW él'agﬁan'i aé’t-fcordlng to the

I's" to ob| cal I gest
|ﬁlvgﬂBinL roravaskidgetstteant 599 raad;a: r@:yster %tsﬁﬁrﬁ 33 8ceiﬁerz§| a]sdlgestlng

tgpatg,ur 5 Sﬁﬂggﬁqﬁgs I n| r{ nf‘q% alﬂ e ilfcfrdoeb*théfp%‘ to be

Q%ér@ﬁlbé! a/‘ Jlgég’céd "WYH& @igééth"@l@nk swhild thedecysle istreamt 818 contains
raw e is transferred via tran

miafre Eﬂmgeocqﬁalmmge hve @@?@Wbi% bagteria.qHges Mo fgnﬁ)fm a mixed
%}ﬂgé tﬂg 3% %*ﬂbgro%'lcg SéétFﬁQ |rP’g1et 8 trk sRége! iy ‘ﬂ&tﬁ)d&%@d Mo the raw

to reside with
Slﬂdgé I Mlxed rswdgerlsdfansfmredu \ja $nengigr pipekd3bto an usﬁer gggion in the

suffjcient f t
glge }36\ \@iéqrpfna&r(g:gs d@sﬂﬁ% r%%% urglé] Stﬁgﬁns The mixed
sobgeé M aifwetptdiresitiesitiigehe $eaht$n hﬂuagﬂu@rfon’)rthe dlgestlng tank for a
con”postl ng treat men;, via outl et

il BTG foraie, B8y G, alitoe) Bresgpt I5 e anagrobically
Bﬁgs%dg%ﬂﬂl n{a'%ﬁ‘r‘édvélé‘dg?@%‘b'oﬁloﬁt oematiréd sidyet isi discharged for

ment recyc

e stream 518 and raw sl ?
sompastirguipeaimenhwiatasifel 5. le the CHRAEIEG BN REE{% yrgd sludge
%r re%gtflé&‘ ﬁ{tmhlgtegtg%e@ﬁ é@é *Hc?élebs%fegfr%%‘tlﬁ Kthi8 an{lﬂﬂlment both

10"shows a process diagr
cécyaieosttaam 50 adtl rewtslusiget tepanp pOQ essheried viA hgatteaohﬁ@eer 590

h
BHER e R Pl Turie heloe e G T af S anic
anaer obi ¢ di gestion of sludge according to the

BB FIS 46 S BaoeeSs, Al ahdfie” BRisbdiment of the
Em : %ngcc,‘o?cﬁné'téetﬁéf ifVRALIGIRWTRE UstoEess0 &S oaereal alubron a system

or conbusting bi ogas produced fromt dj
camprisioghe datewiegeatdavige: fpr cagyingaeuleanars Sﬁlgﬁﬁ%{’“ sludge

a%?r!d n‘gﬂaftﬁé rh)%gtl&‘? aécr'é’eg{ ind Bdaht PSP reR@vingTRegRhRMAterial from a

por € raw s a gas storage unit for
Sawfsiudglet stwetiiliog aseans foorqdustnlﬁ@e giaptof ths ra%ﬁ%%tgﬁi?ggenerator

3 ept?rln d%@g%ggé:elg aﬁr%%ﬂcécf RO A8 YRk 19% IProduBe electricity,

a heat exchanger unit for transferring heat derived from the combustion to a portion
of the raw sludge, a gas storage unit for storing the biogas, a composting unit for
composting mature siudge discharged from the digesting tank, a dewatering means
for removing water from the sludge, a mixing screw for mixing wood chips with the
sludge that has been treated in the dewatering unit, and a composting device for

converting the sludge that has been mixed with wood chips into compost.
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for renoving water fromthe sludge, a mxing screw for

m xi ng wood chips with the sludge that has been
Woe@atiedsT n the dewatering unit, and a conpostPEmSG2006/000077

device for converting the sludge that has been m xed

wi th wood chi ps |nto conpost. 18 WD 2007/ 114787

Pﬁéalezoogo@@ @Ryahic (Va6 obstainid fmhg ammJS\/GIﬁleatmbpantse guch as
arious coll ection points,

armeSRIrBeSS. foRst CoUR 900N TGHUEANTS S AT RAPkegs,into heavy-
d%&%lé&%&%@c&@cﬁoﬁ‘ Sé«?!é( -THEdk Yvadt@ 8blicetivmbhgs twblldaﬁytcan'y up to

hese waste col

100 kg LG vssie ohd Braught & SRIPEISERE! 15 HReaE dter. The
b%ﬁ,t Eg? feﬁhgf ! 3‘ erd{r%?%%ﬁv%s Tll?@tbaaé‘@é aﬁrﬁjt&ﬁﬂtédoh@avy-duty bag

vers 0~ an aut onat ed
b%%ﬂéb’ ulit 6Y0 vikich brieaki epenithe bﬁgﬂ)tmxpdseﬁh@ammwstqquerem

t h
e B S S L S SR el BB o o
s&%@?{&y 858. The %clj]éé?fe?%r s@p%@ate?%t&ﬁé&%@nédﬁﬂﬁstlc bag and the

Separates out e opened plastic ba

lnarwﬂrgammaienaitf&mathefwﬁw Qrﬁén@d{"@%edgéﬁa?rc QuEpdmisg, its organic
CB'P%E{‘] 'Itéw% mgﬁg?éﬁ@os&dnﬁc \%Q@%Qherﬁ? @BhesYed toheh 6fJaBRNSErage silo

1's thhen convey ed to an org ani ¢ stora
630/ to awal m:thavmrqcemnghé’hepwnaé@tgﬂnlgorgﬁﬁlé? ;aianalt é@“Ch may

o eSS S AL e oy o on

ﬂéﬂgéﬁlc stélape b Eeﬁﬁvﬂéﬁﬂﬁ dwetsalisciiaegeeinitd balkacardainers and then
charge I'nto

ul k cont ai ne th
takandrstricks f@'é@W‘P'!“ﬂd”cﬂ'SRﬂS%b% %ncpf@? of fﬂr‘]fm‘%"r‘ﬁf ”@?th
incineration plants. [063] The organic waste |s

transferred via conveyors fromthe organic ?
si [063330 tleeanrgangameétesllﬁ é@ﬂéﬁe”@@OV'ﬁh?WeVﬂ@n TORYy gbes organic

S&cﬂ’gﬂg %83%%6 té\gtﬂg?rﬁﬁnlk%h?ecgﬁ?léﬁrwﬁbﬁ therPétibas akd Mrdaﬁ&ﬁsludge

: s add to the shredded sl udge
toralemaller plzevpcéerablynleserthals 120r iy sWiatrgeis rAdedglo the shredded

we t 100/ 0
g5 o6 e Pl wiBSCHuYK R (P bEeen iR 10% to
Zc?gggggpéolﬁi ébrﬂ@ﬁcg Thg dwni(ﬁﬁﬁﬁodﬂmdethrm)ghs1 -Grintpts @to the lower

m xe t
esoeact il ot o, v TR, A0SR B miced wit
A8 IEQ and rAURYY b 18 biderlfbrethé mawtstwryvmudigé tocbe heated to
anaerobi c di gestl on to take place, (t al |
a tm’gnereturglsg able Jor thgrrggg’;)lllc pﬁ@erpg\% cﬁ&;&m ﬁéta%g ch (typically
Iﬁ\n&hg I‘ LBGuE 8C RPSBQ‘E‘)‘ RY FvPRIrRsludgedisowithdawn from the

0 screw punps (in which thorough mx
lsustton qjor@ord troefr6houtietd ¢amngctedato éﬁr@M‘aﬁg@lPStG“ é’%%ﬁ thorough

55C before fegdi fe@p

oA Sr S, B B et bRIRESE B8RS B8R peor fcin
lﬁi@{lﬁ‘ﬁﬁﬁ&‘eﬁémehefoﬁ ldi@m/erﬁdo lthie hippenat¢gion méathedilge&bﬁ!n The heat

conbusti on of netha

exchangers can be supplied by hot water heated from the combustion of methane
produced from the digester. As the heated mixed sludge moves up the transfer
pipes, the heated raw slurry will transfer heat to the sludge in the digester therefore
keeping the sludge at it optimum operating temperature as this sludge will loose
heat as it moves from the upper portion to the lower portion. So the heated raw
slurry will heat the mature sludge as it goes up the transfer pipe and keep it at

about 52°C or at any other temperature, preferably between about 52 to about
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produced fromthe digester. As the heated m xed sl udge

nmoves up the transfer pipes, the heated raw slurry
waowdor/11478nsf er heat to the sludge in the di gesP€r/SG2006/000077

therefore keeping the sludge at it optinmum operating
’ten'perature as this sludge wll [oose heat as it

5&?@’ Qﬁn e"r&d(]& dRfRsteP @bmptrices IWHefh thbemb(edvsrudgens idischa®ed from
he hea raw sl urr wi |
thiet trayiséer pipes RAd eniafs {9 r?ﬁ%le“ "1% p&?rl' figns ‘é{@ﬂﬁ%%%&“m“

olinfly ISl PRSI Yol 1 ol rpsmimcgitan

nghaamdnka sligtitgesuiuom isc oraintained ahkeen Hee @R@%ﬂ’féﬁt'&ag‘éf 9§390US

i scC arged from the transfer pipes and enters the

°¥w5‘t PWn chanber. Conditions within the reaction

chanber is adapted for anaerobic digestion to occur,
tenperature is suitably h and.a sli

" 0] nt aPeioroRFEpUIEREST STEBATT 4 o 26p LaISHECH 1 about
68?(‘9’@&&?/ }.% du%é&] THS dides@sd PR HAEQDHES Batet armatrigedeatglas upper
0 pp mately up to about 65% purity i,s produ %
ragien chtpeghi whictialfie mathanay gesoist £ cid 4P cRrOREIEL Y a gas
CBEEFQ%S&UQ@%O?; T'hgrnq ﬂgn%gg% Eﬂ?a BR8ufmSand stoaeod in gas

processed [ection unit
sidrageanitasectpas gas s’@xageatahksl 65ﬁd®h‘ thmnatmnarg@ngtaiew used by

gia&g%?\;@t;rgﬁrﬁ?g%geu Lt feé:frggtg a%%l}@%gegéﬁ rggcﬁe%é"ﬁérﬁer??o(?s are used

td heBE WEltet ’F’oreilu-?é?(hb' & trz‘a(waéh(j’dgief1 pribees digestion.hasgas flaring safety
generators are used heat water fqr. heatin

sgstadg%qbta |0¢orpgra<y¢q;|§gq tr@(gas,apoélggthq unit gqgcoggpg]%}Hg me"%}/\vane gas
\A'Fe{é‘\{gﬁﬁ%t'tﬁ ng&&ﬁﬁ@ﬁ&@ér@ndtwp@réti&ﬂalas col | ection

consu e methane gas in the event that the
gas engi nes are not operational. [065] Gas blowers 670

dr ﬂ#ﬂﬁ (%?sgb[ gfe Ogagg ﬁg&o@gd%égse%réd@%@%d feed the

@@nmt@&m $njedors Oﬁ‘qastgm'ieeatomeﬁa@.n@as rgenetriprs §80 combust the
generate heat and e

methagg in grder tQ ggRerais ﬂatltar@t elgcgmg%rpﬁ@e?c%lel: i@gl ;9&\’/@! isfedto a

%b'g%&loriﬂﬂaﬁrlgﬁgigtnbétedfﬁﬁ af pbwélﬂrgrlduSNhlleppéat:m |usad for various
in

U 0, by et 9 e 2L ol 1ok D A igesting

SRk Rh nh?&ﬁ»ﬁlﬁ %%%Ségm%éﬁféfmﬁé th@fﬂigﬁsﬁhgrtaﬁk at temperatures

required i gestion, di stnct heat i

ndeqaired tar thermophglcvdlmsélbp disticteating; district.gooling WweBg the heat
Fg%ﬁﬂifg{ 'Ben'%rggh edatig of I ﬁﬁ'c{é@%&ﬁt’s BF aﬁﬂbtﬁ&%‘bllcatlon requiring

urring erafure eat in the
|bwmpa‘ratah@ heaBihGhe gasgeCof ahouioﬁﬁé’CeWb%ﬁGréImS@me pakediments,

IS pro d
m@qteﬁé\a g¥ &%gi}li%cli ;)E%ﬂ Yred l)oﬂécrlfo%dalpcp bIrat wadr %‘%@etﬁ 710 in
the event the gas generators are not operational. A cooling system 720 is included

to prevent overheating of the gas generators.

[066] The mixed sludge is fed continuously into the digesting tank 600. The
residence time required for the raw sludge to be digested is approximately between
16 to 21 days. Digested sludge, also termed herein as digestate (matured sludge),
is discharged continuously. In order to achieve a processing rate of 300 tons of

food wasteflrestaurant waste per day, a digesting tank having an internal diameter
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the event the gas generators are not operational. A

cooling system 720 is included to prevent overheating
wotowhet’gas generators. [066] The m xed sl udgePCESEHEE6/000077

continuously into the digesting tank 600. The

residence tine required for the raw sludge to be

rgé&%%ﬁégn JARERFOA iHERJHE lo¥ abetitvEsem m?a@ bbm@lj tharyexample. In this
gested sludge, also terned her ? est at
earmnlo tbe cigesteayiay bP IPATALeNE o 20 EX ARSTRILYS of (05 bar

order to achieve a processing rate of 300 tons of
food waste/restaurant waste per day, a digesting tank
h 406Tp anAi pdmmmaf theliraatitest sludge iameoyried (ta pegmixed with the raw

S'HF éﬁ%@? 077trBeé pggt%@uér}térr% genggﬁ_gpéﬁﬁqeuﬁ]f"ﬁo@%%’éneral the

cEMpORIRYy uﬁnh@orﬁpﬂ@ﬁ & dewatering unjitsfon terdodng B@ter fsera the matured

s@{igég@l{%erg\oa éigyg ?@@t%q%hv}g%ﬂ%gg ¢ trI rﬁ& gstMaEﬁlrg%H{e‘ﬁgl into the

dﬁéd‘ 'ﬁftﬁé[té‘l 3E8Rpo 8l SovideEop thfpostiigt the tiriedtidtrateaThe composting
nmposting unit 9

unmmﬂ mces o@w@éwmgessqrﬁ\& m?%@% ?)&%@M%E’ngd‘(aé‘l?rnﬂ”f%%y forming
tcf&ﬁdgﬁt olrhtajrh ﬂg %%Pr UCE§°P rt5”3@%d8 |IP cohfcht.Fred WEtéﬂ édracted

ar al into the dried

fr?)lhil ﬁe&%@estatec(mmm@til Shgigddis melsétd) in fwnpmluﬂmgsw\h’@ dreddpd raw
at e
ngéiggWqua@gﬁeqstﬁg %Iga)fl'!tli%%lls l?livef(?cggé aarﬁ'é?’gd‘f% e{g)'r Wixing with

Sg-gamé]gnat@ngrl ed filtrate containing about 25%to 30%
ry solid content. Free water extracted fromthe

d| gestate (matured sludge) is reused in formng

g]es Wl&*ﬁgsmtﬁdé*%tdrab’vmaﬁéwgg cafhéd &ﬁfthﬁmrdbhdo facilitate
dr ed'filtraté€ is delivered to a mxmg devi ce

comgoastingviof tthe dtied dilttate, anfhmﬂqeapres?mggp meﬁb rwxmg is carried
ructural mater

qu;gf g, miing s c(ggwpfo@t ‘?éﬁ ggn%?ir@h&}égg}‘a gﬂrlpuﬁ frﬁg[séth!égurll’al rlnﬁterlal into
thé ﬁltn@&@&ﬁ@ﬁswg?gwdmtatlom Ihmmlxeﬂ fitratei is thervlaid oyt ip heaps 750
m Xi Ng SCrew

o e AP BG2 REFP L 5 e ha
sf?ﬁ@ﬂlggggﬁf?eg%dn@mg c?ﬁ%léndﬁtsp@ﬁé él:cdcbqutfer the ¢dmepostingdTofacilitate the

on the flo t

et o0 ot e F L i ST ARk oo
ddhfod¥t ki bROwRIth |rﬁ6%35£ﬂ0@nﬁké§tﬁétlﬁépé ofor iek@mple at intervals of 2
conposting. To facilitate the aeration of the

to@qimest_ the heaps are turned at regular intervals
usi ng wi ndrow conpost turners which noves and rem xes
the heaps, for exanple at intervals of 2 to 3 days
[ 0§@69]To h'ﬁﬁihe@tehhhemonmoshngwgropem;églsexafmle@( @arqa areas

Frain %S TIP SLE DPETEP e QPO eI h GG B TEtRRg may be
carried out in which the heaps are composted in enclosed composting units having
specially built floors which provide a constant supply of air to the compost. The
floors of such composting units have aeration nozzles that are connected to air
pipes. Air percolates through the dried filtrate while water sprinklers supply needed
moisture to control the temperature of the composting process. Conditions in the
composting unit, temperature and humidity for instance, are monitored and
controlled by varying the amount of water supplied via the water sprinklers and the

amount of air supplied by the aeration nozzles.
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carried out in which the heaps are conposted in
encl osed conposting units having specially built
w0 b@onsi7ehi ch provi de a constant supply of ai rr€DSGH®6/000077
conpost. The floors of such conposting units have
aeration nozzles that are connected to air pipes. Ar
percol ates through the dried filtrate while water
sprinklers supply needed noisture to . co trFII t he rted
t §OTRY at uABemApprametety dWeaks 06&86@9&'“932% ERARTErg gonverte
the . compost|ng ugi ! r d ledfdruskoss fertilizers.
fr‘i"ﬂs‘?'gﬁ%g,g Sﬁ‘@%‘é’ n'irrl‘ g%r%g)%;ﬁﬁhaéﬁntﬁ?gﬁ Sédgtég]yéjilar yin g t he
TRE@GRIposf isvetreenedifipla esmpost segeeaaiorey 6 §9 iIrakaver 4 g, §iyuctural

t he ampunt. of air suppl| t a ' I .
st VDN 8y RO 5 R o 8¢ ow prse
Séidgenhed icag{p?by is”sé(ﬂ%ﬂ ks aaﬁun{&a‘rﬁmbmlk egmpbhl agg@pbsml.@ntly sent to

converted from di gested s e to mafure biosc
atiagginglantiwhase d is Sﬁggﬁde‘ne?gﬂg%p?gﬁ q n pa#ﬁ%se%ﬁ%ité{' lots.

Is screened in a conpost segregator 760 to recover the

structural material, which is then recycled with new d
drjogd] f i | Toasumranze, the peasestinyerlion provides devigec 8 MHRLess an
is stored jin-a bunker d t bei
2B o cidpdon e Fiactibitaly TR, offiche pavartaoe of being
chagaedeifal? 2dtg-cffagst amd ebemorpiabllyetsusteinable. 1Npowastewater is
lots. [071] To summarize, , t resemnt.in [
o abusonseeai ot SR et o
s dﬁ@g?s BERAERRs&ALd Tormhthesl@h/sludgd ehardy ded &mtheobiigesting tank.
ei'ng carbon neutral, zero- ef‘l uent .and ecoForr,E qab! Xtraction
Qdesraiarepieimises asell @feasel $raell gepgrationy asg sypiecte

i iin ifdMedel oBRGbEs gases
8 B i R, g o Mg, Conos gas
geherated $londpetréfiimg drgariieavaste beisg dregessed §riopathe digester and
Qdours are m nimsed as. al|l f i S
8 ool FoB6 el Bfaghl Bl SRt goane
SR HHRSS edoiboTgenaRitbd frohi gas eherdtars dbmaterl daPegagieore than 55

enerated from putrefyi ng o ' i ting i
Sheeiestiner ey S A4 gl PGt AR for compostng
SISUTBATbIy Y cPAI6d aRsrebh inehgénierating fuatbeedasteanalebeld and
treated’in organic scrubbers. Noise generated from
gas generators is rated to be not nore than 55
deﬂ) I's aAltrgJE@hOwseﬁm)eh%ﬁ $aef bédie dekaibed i temtsibhipreferred
material use or conpostiI ng Is also enti relcé__ . b
erabydimedts, tihbrely heounderatecd that vatiationsrangh Sqdifications may be

material . [072]. Al {%Z;%t' isiAvertBBR Bs set out in the
'H@g%'r‘f"@écﬂ"ti ﬁp?éﬁnﬁsfFogé) “%P%é@r%‘éid rrbdggﬁlrsfents, it has
foflowRgMlgisst ood that variations and nodifications may

be made, w thout departing fromthe spirit and scope

of this invention as set out in the follow ng clains.
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22 WD 2007/ 114787 PCT/ S&006/ 000077 C ains Wat is
clainmed is: 1. A device for digesting sludge
wa@paenopsral |y, conprising: a digesting tank hewi/sg2086/000077
upper region and a | ower region, and a reaction
chanber for converting raw sludge into matured sl udge
Crilmanged w thin the digesting tank, an inlet for-
i ntroduci ng sludge into the digesting tank, at |east
one transfer pipe for channelling sludge fromthe

of the digesting tank to the upper
V\b@gfesﬂalﬂ%d?ﬁe di gesting tank, said at |east one
transfer pipe bei ng arranged within the digesting tank
and havi ng at east a,part of her eof
1ar r af\fI&YiGH Pﬁfj'ﬁe§tﬂlg Fi ?'b%?r%?{‘éé.@’ecg'“gh%ﬂ the at

| east Oneatd@é‘sﬁﬁ‘ngrtaﬁk Peving armuppet eglonand aslloWge;eglon and a
novi ng t hrough reaction cha

r esureaqtign iQhamber fer GoRVeEING W@Baadaton@@f%éd Sl rranged
tﬂggj iésmiftf”fp' pe to sludge in the reaction '
e

cha arranged at the | ower regl on of
the di gesbnnlgetf@nmtlfoducmmsb@ﬂgw@%be digestingitafkudge

fromthe di a

wher ei n tﬁé%gﬁ n%ﬁremﬁ? go%aﬂﬁc\élhﬁ s@giga hmh% "lower region
f aci |r?\' i 6||gbbﬁhg faalRStthe ub;f)@lemldn dnhercﬁgeatluggenlﬁmld]gt least
up the at l'east one,6 transfer e.to the

t he oBgcransiercPIRRHREING grranged d@ éh%fj'gﬁsgﬁ#rgg@(gghaf aving at
furt hels st SO ?}ﬁisﬂ%g‘tﬂ {REFE B A1 SBEin T reattion agamher so that
sl udge t hroug | east one transfer

devi diee @t legishione3ransfRiripe is iecqiaciwith @'Uﬁegﬁgwmg HitSugh the
CGOQF%SESQ@ At t%ye tr%lﬂ%& ultl-ﬁB% Gk ‘fr%n@ffer%%}‘n @!’lhﬁg@fmovmg in

| east one transfer J:)e
i s suppat leadt ond tramsfehgipe @sludmnmﬂhgrr@@tlonezham#@r an

3 9Tk i o e

PCT/ (=569 ﬁWJred?sludBeefrcdmtine:élgeétlnymnbne of Cl ains
1 to 6, further conprising recycle neans for

2. The device of Claim 1, wherein the at least one transfer pipe is adapted to
facilitate the transfer of heat from the sludge moving up the at least one

transfer pipe to the sludge in the reaction chamber.

3. The device of Claims 1 or 2, further comprising an actuating means for

moving the sludge through the at least one transfer pipe.

4. The device of Claim 3, wherein the actuating means comprises a screw
pump.
5. The device of any one of Claims 1 to 4, wherein the at least one transfer

pipe is supported within the reaction chamber.

6. The device of any one of Claims 1 to 5, further comprising a plurality of

transfer pipes.
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re-introducing into the digesting tank a portion of

mat ured sl udge | eaving the digesting tank through the
w@io7a14788. The device of Caim 7, wherein thePCBESGWI0€000077

means conprises recycle piping connected between the

inlet and the outlet. 9. The device of any one of

Clains | to 8 wherein the inlet is arranged at the

| oner region of the digesting tank. 10. The deV|cq

7c| ai e, demnerafianyiane afiilaims St fHaberaprinsisingregycle means for

! eastre Qril?odu'i:g-@r\ \Ai?ethemléé%tméiank-@ﬁoﬁéﬁ iof habfiredyudedealing the

eintheinlet is arranged at the
upperdlgesgngmardﬂhtmhdhg@yﬂﬁi’m tank. 12. The device of
any one of Claims 1 to 11, wherein the digesting tank
is adapted to maintain a vacuumin the reaction
& hanyie dévice dihClatha Vi, adeodin #nwremyeleoﬁeﬁnsacomprisa'o‘demcle piping

wherein the reactio adapted to facilitate
anaer@ﬂﬂ@cﬁﬁ@@EW?%ph&f'm?ﬂgnit I914 The devi ce of
any one of Clains 1 to 13, further conpr|3| ng m xi ng
means for m xing raw sl udge wth matured

9.her ekhe devies atany geel of plﬁ!'@é 11018, W"FH@'“CFBW%‘@" %far@ngeﬁ] at the
conprises a mXxing region

a”a\'@\ﬁéﬂeﬁcﬁrﬂ@ﬂﬁkm&&rg@% of the digesting tank,

said m xing region being adapted to receive matur ed

Lo S, e it B 30t o

m Xi qgaﬁ'@éﬂﬁ gurther conprises at |east one screw
punp having an inlet arranged at the | ower region of
the digesting tank. 24 WD 2007/ 114787

el Sﬁ?@ﬂ@(nggg@?aﬁy ohé- of Brantievise, wherelrih@ idlet isf araigid at the

conprising a exchanger for heating the i xed

sl udg@ﬁmmeglph@fQ@r@ﬂﬁ?i@Sﬁan&S The device of Claim16

or 17, wherein the m xing device conprises a

plurality of screw punps. 19. The device of any one of

2.ai nFhd. devickSof &ny toner ofcClaims st #g 14, g\d@r@mmétdlgesﬂng tank is

arranged t he. o) [ g tank.

20, - regarse i e AR AR B e et eHaRbEE? |

conpr.i si ng:

13.  The device of any one of Claims 1 to 12, wherein the reaction chamber is

adapted to facilitate anaerobic digestion of the sludge.

14.  The device of any one of Claims 1 to 13, further comprising mixing means

for mixing raw sludge with matured sludge, thereby forming mixed sludge.

15. The device of Claim 14, wherein the mixing means comprises a mixing
region arranged in the lower region of the digesting tank, said mixing region
being adapted to receive matured sludge from the reaction chamber and

raw sludge from the inlet.

16. The device of Claim 15, wherein the mixing means further comprises at
least one screw pump having an inlet arranged at the lower region of the

digesting tank.
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i ntroduci ng raw sludge into a device as defined in any
one of Clains 1tol9, passing the sludge through the

WO e@ctii4s7 chanber for a period of time suffi cPe@nsGi006/000077
the slurry to be anaerobically digested, and
channelling a portion of the sludge fromthe | ower
region of the digesting tanks to the upper region of
the digesting tank via tPe t ransf er

104 Schbe geNgetE ATy et g ieie pRalBtst Rl tg; heating the
The i?%?&ﬁd%éfr%@s@%wmﬁp_ei n the reaction chanber
e

of t evi c contains a mcro-organi smsuitable for
carryi ng out anaerobic digestion of the sludge. 22.

1ghe gﬁgg\fi%é;fog %Iggngn fég oP"M72 \whdrlint Y nfiRAGT d&vided comprises a

tre refrove i norganic materi al
pri oplurality of scrdwopurgps.he raw sl udge into the device.
23. The process of any one of Clains 20 to 22, further
conprising shredding the raw sludge prior to

1Nt r equ\*écd'igﬂcé e aﬁgl&ﬂeoﬂ' Olaimé Neta1 €8, fuetheR éomptlising a gas outlet
process of Claim 23, wherein the organic waste

mat erar@inged at Hiecdrpe region gf '@‘iezdég‘%ﬁt‘"aé%@"t han 20 nmin

di aneter. 25 WD 2007/ 114787 PCT/ S&006/ 000077 25. The
process of any one of Clains 20 to 24, wherein the

20hr eddprboesg furitreating slidgapsaer@bidaly, AORMIISKI% h wat er ‘t o

f | Yy havi . ' 1Y .
to about _ Jrseaion L bfad i AIGHRIRY dqftlodiioitly GieZbr Claims
any ongy g, Gains 20 to 25, wherein the raw slurry is

ixed with dj t I f a nj . .
and- i nt r ocRRSPITg DG BRROUGh doe E44P AT DaT [pfFeripd of tme
t ank jrfciditGorthel AR todearidepoisiéally digeated, ranidhe
di gester. 27. e process of Claim26, wherein the . £ the
m xed sl udgennslingaa e@rian 6f 1he Séiggﬁgfmﬂhﬁ}eo&?)'&eéd’%‘?'b 0
the ddiﬁ&{t&\'gn%nkéq 'thg%ppjép‘?e@f)ﬁ(iﬂ_stﬁeQggéitiﬂ'gmaﬂﬁ W4 tRd transfer

wher ei raw slurry is mxed with digested sludge
in thepeand of at least 1 part raw slurry to 9 parts

di d sl g £ 0 ai
20"t 26, WHErEpRO T ARESRIERRR BBy @Re o Al

21. The process of Claim 20, wherein the reaction chamber of the device
contains a micro-organism suitable for carrying out anaerobic digestion of

the sludge.

22.  The process of Claim 20 or 21, further comprising screening the sludge to
remove inorganic material prior to introducing the raw sludge into the

device.

23.  The process of any one of Claims 20 to 22, further comprising shredding the
raw sludge prior to introducing the sludge into the device.

24. The process of Claim 23, wherein the organic waste material is shredded to

a size of less than 20 mm in diameter.
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mai nt ai ned at a tenperature of about 50C to about 65C.
30. The process of any one of Clains 20 to 29, further
w@owpni«<sng conposting matured sludge that haBCTE€106/000077
di scharged fromthe digesting tank. 31. The process of
Cl ai m 30, wherein conposting conprises aerating and
oBum e"ihfa)(’jdrageéshéf AR} HRE of Clige. 2038 24heh@redcersstrédded organic
C aim 30 or 31, further conprisjng mixi the mature ist
sl udyeastenmeterial m@t&@ﬁié'atw%% Foafo.f @ra%ﬁ'g"mylg@sa gpnsistency
any_@8nglt fdsR ks BodlR 20% dPdrylsiid Befitefignpr i Sing
dewatering the discharged mature sludge prior to
conmposting. 34. The process of C aim 33, wherein said
ewatering is carried o ny i : ' ;
o HeraPres S Gl Pt 600 28, Ap¥reif fis Faffiirgat miced
A sysifig@miigestedi 968§é g foinydgmisstheludhecahd yintrsdiidhg the mixed
system conprising; 26 WO 2007/114787 f e in the
PCT/ Stttessni dbe Tdigestingetank oViaeifsal (52t ARGy Iragster pipe
i nor ' terial froma raw waste, shreddi ng neans
for ?’2%52?% the size of the raw waste, m xing the raw
waste into a slurry, and, a device for digesting the
w shurr . : iSOME: ; i
"al ?Lsh-elp'iégg%s{gg"ﬁ?#é%sh%s IIﬁellﬁéo dla%llrjn 5! mé?‘ﬁe.pﬂm to being
t he gairéduteddntoehesligestimytess a rotary screen having
a screening size of approximately 150. 37. The system
of G aim35 or 36, wherein the screening neans

SO IRESrocass 8f Clairh 26H27 whereirt fiExeiwgurfrglyaled with digested
material. 38. The system of any one of

. : y d aing. 35 to

37, falvdgrin thenelia of aideash 1pagdem furmyiond paits figeated uige.
converting energy derived fromthe conbustion of

bi ogas gas produced from sai d anaerobic digestion .
20t o Ehepracess ofanBane Thelaims 284e 2§ wheeginitsgreaction ggmber is

conprisin l+tznbOr 6deer ring

heat 'Eé‘lﬂ"%@%" EF%%@Q@%&@%% a%té}g téotogbgortl g& of the

raw sludge that is being channelled into the

di gesting tank. _40. The st e f, i ' ;
$,7351¢ Bradesr L aRHATS, Forarimendp aeh §ater fopiElriFeotposting
st or i pane SRRIgBINSURE bebh @i dhamyedi fewm thedigebtirdrank.

sl udge. 41. The system of any one of Clains 35 to 39,
further conprising a conposting

31. The process of Claim 30, wherein composting comprises aerating and

humidifying the mature sludge.

32.  The process of Claim 30 or 31, further comprising mixing the mature sludge

with structured material.

33.  The process of any one of Claims 30 to 32, further comprising dewatering

the discharged mature sludge prior to composting.

34. The process of Claim 33, wherein said dewatering is carried out until the dry
solid content in the fermented sludge is about 25% to about 30%.

35. A system for digesting sludge anaerobically, said system comprising:
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unit for conposting mature sludge that is discharged

fromthe digesting tank. 42. The systemof Caim41,
wob@rai418sai d conposting unit conprises a dewadB8GHH6/000077

unit for renoving water fromthe sludge, a.m xing

screw for m xing wood chips with the sludge that has

been sdregmihgthédhstfberefomrictinbi@nithiteriahfilord samdh waste,

composti ng device for converting the sludge that has
been S'?FPQ%'G%H"?&F%()@@H‘PE%? ﬁkzg Oég?ﬁ)'@g‘f Wgﬁt‘?,

36.

37.

38.

39.

40.

41.

42.

mixing the raw waste into a slurry, and, ‘
a device for digesting the raw slurry anaerobically as defined in any one of
Claims.1 to 19.

The system of Claim 35, wherein the screening means comprises a
rotary screen having a screening size of approximately 150.

The system of Claim 35 or 36, wherein the screening means comprisés
an electromagnet for removing ferrous material.

The system of any one of Claims 35 to 37, further comprising an electric
generator unit for converting energy derived from the combustion of biogas

gas produced from said anaerobic digestion into electricity.

The process of Claim 38, further comprising a heat exchanger unit for
transferring heat derived from said combustion to a portion of the raw sludge
that is being channelled into the digesting tank.

The system of any one of Claims 35 to 39, further comprising a gas storage

unit for storing biogas produced from the digestion of the sludge.

The system of any one of Claims 35 to 39, further comprising a composting
unit for composting mature sludge that is discharged from the digesting
tank.

The system of Claim 41, wherein said composting unit comprises

a dewatering unit for removing water from the sludge,

a mixing screw for mixing wood chips with the sludge that has been
treated in the dewatering unit, and a

and a composting device for converting the sludge that has been

mixed with wood chips into compost.

27



