| Title:Process and reactor for anaerobic waste water purification
The present invention is in the area of biological waste water
purification and nore in particular in the use of sludge bed systens
in anaerobic waste water purification. Biological wastewater
treatment uses active biomass (bacteria) to. 5 convert the pollutants
(organi ¢ substances) to harnl ess conpondnts. Basically there
are two types of bacteria that can performthis trdatnent. For
so-cal l ed anaerobic treatnent (w.thout oxygen) a consortia of
anaerobi c bacteria convert pollutants substantially to biogas. In
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oxygen) conditions for a great extend new terra’/ omass
(surplus sludge) which needs then to be separated fromthe treated
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bi omess [ n anaerobic kreal iRk Leactors can be. dong, Ln vari ous vays
anaerobic bacteria convert pollutants substantially to biogas.
In aerobic treatment the pollutants are reduced under aerobic (with
10  oxygen) conditions for a great extend to new bacteria / biomass (surplus
sludge) which needs then to be separated from the treated wastewater and
processed separately.
Anaerobic sludge bed reactor systems utilise anaerobic bacteria to
convert pollutants in wastewater to biogas. These anaerobic bacteria mainly
15 grow in aggregates, often referred to as granular biomass. The systems are
often characterised by low net biomass production (typically 2-4 % of converted
COD) as a result of the low net yield of anaerobic bacteria involved.
This is on one hand a big advantage, as the excess biomass
developed in wastewater treatment systems has to be disposed as a solid
20 waste, at significant cost, but it makes on the other hand a sensitive aspect to
retain / maintain sufficient active biological sludge in the treatinent system
(reactor).
The method of retaining biomass in anaerobic treatment reactors
can be done in various ways. The immobilization of biomass on a fixed or
25 mobile carrier is one method to uncouple liquid retention time from biomass |

retention time.



25 nobile carrier is one nethod to uncouple liquid retention tine
from bi omass retention tinme. 2 A better and preferred

met hod however is to nake use of nmainly granul ated bi onass as applied
in UASB, EGSB and IC reactors. To date nore than 85% of any new

i ndustrial applications for high rate anaerobic treatnent are based
on anaerobi c sludge bed technologies 5 (Frankin R J. (2001). Ful
scal e experiences with anaerobic treatnen2 of industrial wastewater.
Wat Sci. Tech., 44(8), 1-6). The purification process

general ly conprises t use erein raw wasiewater is
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tank the mxture is lm{erpaﬁmdmhrp&@ceweeﬂb&ﬁﬂy@cﬁmgﬂséaoﬁﬂemyeroea@mém
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conditioning tank the mixture is introduced into the base of an upflow reactor

through a special design influent distribution system. Subsequently the water
flows upwards through the dense anaerobic sludge bed. Scluble COD is readily
converted to biogas which is rich in methane and an upward circulation of -

20  water and gas borne sludge is established. The specially constructed three
phase separator sections at the top of the reactor first of all allow effective
degasification to occur. Next the solids particles, now devoid of attached gas
bubbles, sink back to the bottom of the three phase separator and are returned
to the reactor.

26 In sludge bed reactors the biomass is retained by virtue of the good
settleability of such biomass and the use of a three phase separator or three
phase separators in the reactor that can effectively separate (from the treated
wastewater and the prodﬁced biogas) and retain such biomass in the reactor.

The object of the present invention is to provide an improved

30 anaerobic wastewater treatment process based on sludge bed technology.



The object of the present invention is to provide an inproved 30
anaer obi ¢ wastewater treatnent process based on sludge bed

technol ogy. 3 This is achieved by using a process and a
reactor for anaerobic wastewater treatnment with one or nore of the
followi ng features of the inproved system which features conpri se:

| mproved sl udge retention and performance by using an 50 | nproved
anaerobic effluent recycle nmethod o inproged three phase separator or
t hree phase separators with: Tilted plates, tubes or other internals
installed in the three phase separator body to increase the effective
settling surface. 10 Thisps addewddiyammme piaesd and esedabor ohentdrobie

phase separatQr_or three phase arators t lnternals. I ti
pl at e gas sepa‘FaaS ?‘%aﬁeﬁgtfﬁfr%%ntuvﬂﬁggn? He ™Mt g%%ﬁ@i%w?ggﬁélﬁﬁﬁ&ggt hr ee
phase separ at emprdved spktend, kéhigofeatapatahpase:nore ef fective. 150

| mproved infl ue di styribuytion systenys). In a first aspect
the present iflv RrBYPdr%EH%@WW‘W%B?W&P%@B&P&WW of the solids

for the liguid. In thi .a7bad dRRtoA: LIMLER: RIAGSE niRgdat or is used,
having tilted plates, tubes or other tilted internals installed in

the three phase sepapatimwréssdythyge phashseparaiarorithercaimse separetdrestithve
20 settling surface w thopt Tﬁpead}gﬁﬁg, E‘lﬁ)%s ¥P tlstlflré? internals installed in the three
phase separator body to increase the effective setthng
surface,
10 » In process cleaning facilities for the three phase separator
or three phase separators and the internals,

*  Multi plate gas separation baffles under the three phase
separator or three phase separators to make the gas
separation more effective.

15 o Improved influent distribution system(s).

In a fivst aspect the present invention resides in an improved
separation of the solids for the liquid. In this embodiment a three phase
separator is used, having tilted plates, tubes or other t.ﬂted internals installed
in the three phase separator body with the aim to increase the effective

20  settling surface without changing the volume.

Accordingly the invention is defined as a process for the anaerobic
purification of waste water using a sludge bed system, which process
comprises feeding waste water, and optionally recycle water, to the lower part
of an upflow reactor, containing mainly granular biomass thus producing

25 biogasin the treatmenf passing the resulting gas- liquid-. solid mixture upward
and separating the gas and solid from the liquid in a three phase separator
and thereby generating an anaerobic effluent that is withdrawn f.:rom the-top of
the separator, the improvement comprising separating the solids form the

liquid in a separator, wherein, above the separation of the gas from the liquid



Accordingly the invention is defined as a process for the anaerobic
purification of waste water using a sludge bed system which process
conpri ses feeding waste water, and optionally recycle water, to the
| ower part of an upflow reactor, containing nainly granular biomass
t hus producing 25 biogas in the treatnent passing the resulting gas-
|l iquid- solid mxture upward and separating the gas and solid front
the liquid in a three phase separator and4thereby generating an
anaerobic effluent that is withdrawn fromthe-top of the separator,

the inprovenment conpri.si.ng separati he.solids form liguid, in a
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reactor conprisSes a reactfor aving incorporated therein three
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reactor, wherein the three phase separator has tilted plates, pipes

or other 101t efdlvent Eomathe sensraipt auf entiquadly ppevste pHAdERlTasansdper
body, above F&gt@gm%u 200k o0 fasnt éﬁm&h%'ekélwtﬁe PRAAS$hads third

way of definin I'sS ’nventron is a three phase 15 separat or,
whi ch separ at sspataiop hias édted plates, epacnttber tibdy intarnile asstalderbinetierthree

for a gas-liqujd-solid, mxture, single or. .multiple-. bi tion
bat 11 i at eopene Supiadt ooy Ghats P seratul of b 8o BpRIRE REROURLS.

pi pes or other tilted thitewaglosdefiihgkhiednventionds threghphihses phase
separ at or _body, above the separation of the .gas fr m%{%& I 'ﬂuid

phase” antP medRETHgr WRichaPRuakY CFPrifehe BH S?Ba’ef%?lf ’Pﬁj APk ge entxy
recycl e wat er o AR RRE QB @ Inikie [ 86 oP HAAEpRE PRz QépardH6n baffle
internals in the separator are positioned in an angle of typicall,

to 70 to al | opledgsor ssparetingisng from thvanizbiice bited Meflepduipesty qther 8
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herein is thathetdse fgas the liguid phase,, and means for withdrawing effluent and
20 optionally also recycle water from the top of the three phase separator.
The internals in the separator axe positioned in an angle of typically
50 to 70° to allow gravity settling of the collected solids and the free space
between the plates, in the tubes or between the internals is typically at least
50 mm to prevent blockage., An important aspect herein is that the gas
95 separation is located below these internals.
This can be further explained with the following example:
» Design raw wastewater flow 100 md/h.
s Actual wastewater flow 60 m¥h

+ Feed flow to the reactor 1560 md/h, so 50 m3/h anaerobic effluent recycle

30 under design conditions



25 separation is |located below these internals. This can be further
explained with the follow ng exanple: Design raw wastewater flow 100
nB/h. Actual wastewater flow 60 nB8/h Feed flow to the
reactor 150 nB/ h, so 50 nB/h anaerobic effluent recycle 30under
design conditions 5 The reactor has 3 three phase separators of
equal lengths each of 5 n2 effective settling surface, w thout extra
internals and 25 nR effective settling sugface as a result of a
package of tilted pipes - 100 no of pipes of 0150 nm each, the pipes
are positioned under an angle of 600) in the 5three phase separator
body). The effecti Vee seacteickay hihreon awepmaé@lsmf@g@aklépaﬁh@teeeh bbe m?

for the dosi on andractyabyfhl VBN ol 00LS 1rofa O B BRI 2

conventional system Accor nvention t cti've sur ace
| oad on the three gidbe wfm}leasmrresnltbﬂ@ba&agebfh%edﬁﬁp@ 020 nolofiEipes

oper ati ng-condi ' offs ok a2t the Bog e heBioRad A AR BRI o 50 n the
nmore effeckive prOﬂﬂ%pﬁ@@Iﬁe@ﬁraﬁ:bﬂﬂﬂﬁ)l nventory, better perfornance
and reduction rates) Eo achi eve | ower overall _investnment_ cost.

To realize the sane tipe garincedead pn gke Prae ph §WP§%‘%PI' batlyipnthe
15 is requir eqemgﬁfaha%é@él sRa8bn RAGo/ 0 = 618G RNALNRAL tr §LbANEBonat N

beneficial for
system. According to the invention the effective surface load on the three

~ phase separator is 100/75 = 1.18 m¥m?2 hour under design conditions and only
10 60/75 = 0.8 m3/m?2 hour under actual operating conditions.

This is a big advantage both for a more effective process (better
sludge inventory, better performance and reduction rates) and to achieve lowex
overall investment cost.

To realize the same surface load less three phase separator (surface)

15 isrequired.

Recixculation of part of the anaerobic effluent is beneficial for stable
operation of an anaerobic sludge bed process, reactor or device. It provides
stable hydraulic conditions, recycle of alkalinity and nutrients and dilution of
the raw feed / wastewater (to prevent to'xicity and / or local overloading). In the

20 current anaerobic sludge bed processes, reactors or devices it is common
practice to recycle (part of) the anaerobic effluent by gravity back to a
conditioning tank, after it has passed the complete three phase separator or
three phase separators. This results in an extra surface load (expressed as m8
water / m? three phase separator surface. hour) on the three phase separator

25  or three phase sepafators, as the surface load is determined by the total feed to
the reactor (= actual raw wastewater flow + recirculation flow) divided by the
available net surface area of the three phase separator.

With the tilted internalé of this invention already an important
improvement is achieved. However, by combining this with an improved

30 recycle method, even further improvement may be obtained.



operation of an anaerobic sludge bed process, reactor or device. It
provi des stable hydraulic conditions, recycle of alkalinity and
nutrients and dilution of the raw feed / wastewater (to prevent
toxicity and / or local overloading). In the 20 current anaerobic

sl udge bed processes, reactors or devices it is comopn practice to
recycle (part of) the anaerobic effluent by gravity back to a
conditioning tank, after it has passed thg conplete three phase
separator or three phase separators. This results in an extra surface
| oad (expressed as nB water / ni 2 three phase separg&or .surface.

hour) on the three pHsserdegseaneferpsl enbadiment sughdasing thereyclss
the surface | gad,| g??%tﬁfﬂ&ﬁQhQ YerhfaGe (RGRL P]o?l? d @pldiehd ?@i&%di‘rcm@mde

actual raw wastewa + recirculation di vided by t
avai | abl e net tlsamﬁaephasmpafatbhm frbmdélerthwaalwepaemretm

Wth the tilted inter this..i nv | read gggr
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The novel aspect t at t'’he anaérobic effluent_recycle
not 5 taken fsemmram where hphinges bapalreadyrbesnfspprysted and the settled solids

conventi onal , gb t%% nl]etgt%eaggge& attop%Pﬁﬁaa%%ll&%c?' de the three phase

separ at or, Ton of t’he three phase separator or
pr ef er abl yof romthe Mickoarofaridve waysdn whics thesepaelammtendrer ke withdrawn

bi ogas has al ead been arat ed and,.t he ettled |IdS fr
(hr 66 phase sEBar edPBbHSH A E: CbrPEHERP A BIHEFE G dr e B et
in which the geovel@e %ﬁ:&f 1sGAthd8 wi &mrtﬁﬁ\@eﬁdrﬁfﬁrtdﬂh lbclamcmf whére the gas

reactor or the three phase separator. In a fir
recycl e wat er hpsalkpadydpesmrseparnied pl. Thisds B’E%?ragi ‘i‘”}e gﬁ’b{?\ﬂ%’fﬂe"ftth%

gas has al reagéé,alg%p 5%%%%%%{1%&[@@&1@% preferably done fromthe

bottom of the separator, just” above gas deflecting plates. 15In
anot her etbodi ment, ﬂh@m@@}@k@odynwﬁu Blekr xeapele iovvrthrea Wi frogt thergp of the

reactor, out sl 0g b AEAAIABharalor] o (S OMADSIRRLALLGER HBbI ) mhase

In this enbodi e 0SS ocat e W r awal
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i di h d
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one or nore€ from the solid-gas-liquid mixture.

on of

20 . In yet another embodiment it is also possible to dedicate one or more
of the three phase separators (provided more than one is present) or part of the
three phase separators for the recycle whereas the remainder of the separators
or parts of the three phase separators are solely dedicated as effluent
producing separators.

25 The amount of recycle water (by volume) will genexally be between
>0 and 95 % of the combined amount of recycle water and anaerobie effluent.
Conversely, the amount of anaerobic effluent will be between 5 and < 100%

thereof,



of the three phase separators (provided nore than one is present) or
part of the three phase separators for the recycle whereas the

remai nder of the separators or parts of the three phase separators
are solely dedicated as effluent producing separators. 25The anpunt
of recycle water (by volune) will generally he between >0 and 95 % of
t he conbi ned amount of recycle water and anaerobic effluent.
Conversely, the anmount of anaerobic efflugnt will be between 5 and <
100% t hereof. '7 As a result the effective surface |oad
(nmB1nR. hour) on the three phase separator is almqys t he | owest

possi bl e and dir ect | y>9? &5t the pElpctive quréaca deashin Yl or oe kb direppbgse
flow. 'WOftaQépe&Qvogpée 2t sQhe (st BH&%‘MIEQﬂd‘aﬁl%c%?%;ﬁﬁa%%r}yé't?tt%e L@ual

either 5 design sm ree phase“separators, educe

t he i nvest nentawostsfevoater etldloe.a better perfornmance of the three
phase separator becayse of the | quer raul i ¢c. | oad..t her eat.. i
bfton a nanber of & niEEopnEtatEE dAE° Mt o3RRS R W liher
such a sitsat dedigh bmaHer threé phnde dePatrivs, ahicH wealdidéurntic darmtmant
recycl e of anaerobic efflyent frogmeach thre hase separatoy and
over the Ieng???F’s‘I}"rtPé’@é(e&'fLeEt&EHe’ifﬂlir%mﬁrﬁgée ﬁ&%ﬁ#’iﬁ%ﬁ%e%ﬁ?ﬁtar thetae Pl

enbodi ment  of tHBwlePUSALILTR 164 thebsorachi eved by acconplishing the
ef fluent recycle by a nodulating mtt / max fl ow system Automatic

open / close val ves &uitaqitan 2 nymder elthree phasersepgiatersiarppreseny i a
pi pes from eagh LA ﬁﬁfﬂﬂhaazﬁtfa%ﬁﬁ‘{iﬂé){]m]%#%&t% %a‘@@&n%ffia&w[e Md QL Y

recycl e can be acconp romeac ree phase separator or' pipe
separ at el 0 | recptihef ammardsic efftudnh ifione pdddibremphadesepmeyal and dvwwthe om

G Stri butt on BFERREREGhe=gt HREE AR FPAMIEich «hree phase separal or
i s determ ned. In a further embodiment of the invention this is achieved by
accomplishing the effluent recycle by a modulating min / max flow system.
Automatic open / close valves are then installed in the recycle lines /

15 pipes from each three phase separator. In this way a full or partly recycle can
be accomplished from each three phase separator or pipe separately. In other
words, in this embodiment the recycle flow from each three phase separator is
controlled by the valves with which the distribution of the amount of recycle
from each three phase separator is determined.

20 In the first embodiment each three phase separator contains an
anaerobic effluent recivculation collection pipe at the bottom, with several
openings / slots (in the three phase separator) over its lengths.)

Each pipe is extended through the walls of respectively the three
phase separator and the reactor tank and contains an open/close automatic

25  valve {outside the reactor) just before all the pipes are connected to a header.

| This header collects the anaerobic effluent recycle flow from each
three phase separator and discharges it to the conditioning tank, This can be
further explained with the following example: ‘

* Design raw wastewater flow 100 m3/h,

30 o Actual wastewater flow 60 m3/h



20ln the first enbodi nent each three phase separator contains an
anaerobic effluent recirculation collection pipe at the bottom wth
several openings / slots (in the three phase separator) over its

| engt hs.) Each pipe is extended through the walls of
respectively the three phase separator and the reactor tank and
contai ns an open/cl ose autonatic 25 valve (outside the reactor) just
before all the pipes are connected to a h&ader. Thi s header
coll ects the anaerobic effluent recycle flow from each three phase

separator and discharges it to the conditjoning tank, Th| .S n be
further expl ai ned ﬁﬁc}%&?‘ﬁ@ﬂ&ﬁ Ye8RioR § 5@ ¥ra 89-50 ’B@g\ CgyFle

flow 100 nB/ h. 3069&%%%%360%&{0 flow 60 m8/h S Feedflowtothe
reactor 150 nB/ h, so 50 nB/h anaerobic effluent recycle under design

condi tions EffectEEfecttwtéaeeqopim ssmmtmmfasaﬂﬁan!é 15 n2 The
reactor has 3 thre,f ?%%fr ea%eg@% Sesgg%%t?rﬁ t%hha%hé sl he prior

art situation, the ree p ase
separ at or, 5both for thetl@au@mra@ﬂum&mahesffédm;telmface%aﬂ&ﬁi% thrdd

rrB/er.hour. Ac ordin h er,red enhodj nt. of. the on,
TN o - r Shate Seaptine Hogk B ion des e B perial guadet-ae dbMied 10 ne
three phase sgpahahQir. L«x%colgﬁ{g%‘é tﬁﬁgre%rrﬁﬁéﬂ%oaﬁﬂént%@ﬁé i@8LEA, with the

conditions and only 60/ hour under act ual operatl ng
conditi ons. improved recycle location, the effective surface load on the three phase

separator is 100/15 = 6.67 m3/m2.hour under design conditions and only 60/15
10 = 4 m3m?2hour under actual operating conditions.
According to a preferred embodiment, the open / close valves in the
recycle line have for example the following sequence:
e« At any time 2 valves are closed and 1 is open.
» Every 5 minutes there is a change over: One of the closed valves opens
15 and at the same time the valve which is open closes.
So at any moment the full recycle flow is taken from one of the 3
three phase separators at 50 m3h under design conditions and maximum 150
m3/h in case there is no raw wastewater feed flow.
The result of these fluctuating flows over time is:
20 e (More) equal recirculation from each three phase separator and over the
lengths of each three phase separator.
¢ Automatic cleaning of the three phase separator, with less risk for
blockage. ‘
Moreover, the combination of extra settling surface and the new
25  means for anaerobic effluent .recycle results into a more effective extraction of
the settled solids at the bottom of three L.)hase separator. This also reduces the
risk of blockage.
In case a separator or part thereof is specifically dedicated for
recycle water, it is possible to have different kind of internals than in the

30 separators for the effluent, or to use no internals at all.



According to a preferred enbodi nent, the open / close valves in the
recycle line have for exanple the follow ng sequence: At any tinme 2

val ves are closed and 1 is open. Every 5 mnutes there is a
change over: One of the closed val ves opens 15and at the sane tine
t he valve which is open cl oses. So at any nonment the full

recycle flowis taken fromone of the 3 three phase separators at 50
n8/ h under design conditions and maxi rum 250 ni 3/h in case there is
no raw wastewater feed flow. The result of these fluctuating flows
over time is: 20 (More) equal recirculation fromeach three phasg .,
separator and over t H&eBeRfsE appreroRige H?@é)ﬁ?&?ﬁn%‘ﬁa@iﬁo&bg possibility
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bl ockage. Moreover, the conbination of extra'settling surface an
new 25 means jdrodustion obn baekt flpuefiwatercyrdbie) gasydeyees through hey same

effective extéﬁgé‘%tﬁogﬁé?wghgg%t&gg olids at. the bottomof three
|

phase separ at or. SO reduces F'e ri sk of bl ockage. In case a
separator &r part thé&héofs of spefpddidporiahty whednoabedr fsooperated unéeycl e

AR = RS SR W I R N AN
inconvenient to open a reactor for inspection or cleaning purposes.

The three phase separator(s) according the present invention will
make use of multiple (2 to 10) biogas separation baffles plates similar as they

10  are used in the Bic;thane UASB and Biobed three phase separators. The
settled solids from the three phase separator will positively be returned to the
reactor as a result of a by gravity difference induced circulation flow
(mammouth stream).

A further important preferred feature related to this innovative

15 anaevrobic sludge bed process and reactor according to the invention is related
to the improvement of the mixing and distribution of the to be treated
wastewater with (all of) the available biomass.

Typieally the influent distribution system will be executed with 1
nozzle per 1 up to 4 m? reactor surface and having an even number of nozzles

20 equally distributed over the reactor surface, using strings with several nozzles
at one string.

The special feature of this embodiment of the invention is that the
reactor will be executed with several of these influent distributions over its
height,

25 Not only will this give a better distribution and mixing of the reactor
feed flow with the available biomass, it will also, very effectively, break
stagnant sludge layers to prevent building up of biogas in gas pockets which
may result in irregular a;'ld undesired biogas production flows from the

reactor.



9 The neans of anaerobic effluent extraction gives also the
possibility for in- process cleaning of the three phase separator(s)
and its internals by introduction of a back flow of water or (bio)
gas recycles through the sane extraction pipe and holes or slots.
5This is of special inportance when a reactor is operated under

bi ogas pressure (conpletely closed) as under such conditions it wll
be very inconvenient to open a reactor faot0inspection or cleaning
pur poses. The three phase separator(s) according the

presentinvention will, npke use of nul.tiple to.10) ., bi S
separation baffles plE a}%]?’r‘?‘i’ieﬁ?t‘)hé""{l ye i‘gﬁe&?'él’ﬁ)@f?r_ﬁg?ﬂ’@ 8i ot hane
UASB and Ebbe¢hddpesgeRRpstatofpiafiabst SistrTRaistiystafls. Tkl sydtéainde

t hree phase separator wll positively be returned to the reactor as a

result of a biecgtesiatidjitenent slamee averitgdeishdiof the eactn. In grveraibrdieh
stream . A fugdder, ik EGIQQE r@ﬁﬁggﬁt&ﬁ%ﬂﬂ@%ﬁ% rl @11&‘5&%5&1&4}{35

i nnovative 15 ‘anaerobi c sl udge process and reactor according to

t he i nvent® ondiséribetiert ssbtems whld be dqpatacatmve thé fitdtonmiat lovgtiansbetween 15
di stribution of be treated wastewater with (all of) the

avai | abl e bi orgr‘é%?g%"tf%he?‘elgi“?%iﬁ‘cegleﬁsf“’%"he i nfluent distribution
systemwi || be execuligd twpichl donfiguzaiforperie dystin i©lofatk® at €BEbetom of the

surface and havi ng an even nunber of npozzles 20 equal | i stributed
over the react@? Lﬂ“lgsf%t, PRt E%SP?%‘?% ' t‘ﬁa’%‘g%? glonh dl?‘@%‘m%rt one
string. The special ogtinfiGefdibhivutRRRYHABMN BE efddBtddMee Mol diihe
that the reactor will be executed with several of these influent
di st ri but Honsmeyémaxtfipwheysiern widls Neafexshls/ houizontalaudtlew Jer hettpstraixing and
di stribution ﬁﬂe%kmgxﬁﬁ'gf tq{e sﬁ@fgerlﬁﬁc(&é)f)revent bicgas entrapment). Typically 0-40%
of the flow is directed to one half of the nozzles and as a result 100-60% to the
other half. The preferred change over from min to max is every 1 to-5 minutes.
In a set-up using two influent distribution systems typically 20 to
16 BO% of the flow is dixected to the bottom influent distribution system and as a
result 80 to 20% of the flow to the influent distribution system at higher
elevation.
In case more than two influent distribution systems are used, the
distrl'ibution of the influent over the sysf;ems is 20-80% to the bottom influent
20  distribution system and the rest, so 80-20% is distributed equally over the rest
of the influent distribution systems at higher elevations.
This embodiment is further explained in the following example:
o Design raw wastewater flow 100 m3/Mh,
* Actual wastewater flow 60 mé/h
25  Feed flow to the reactor 150 m#h, so 50 m%h anaerobic effluent recycle
under design conditions
-» -Reactor 600 m3, 15 m high so 40 m? reactor surface _
o The reactor has 3 influent distribution systems over its height, one near

the bottom, one at 2 m and one at 4 m height



feed flowwith the available biomass, it will also, very effectively,
break stagnant sludge |ayers to prevent building up of biogas in gas
pockets which may result in irregular and undesired biogas production
flows fromthe reactor. 10 Preferably a reactor will have
at least 1, preferably 2 to 5 i ndependent operating influent

di stribution systens. These systens will be |l ocated at different

pl anes over the height of the reactor. Injgeneral the first systemis
| ocated near the bottom of the reactor. The other influent 5

di stribution systens will be | ocated above the first one at |ocations
bet ween 15 and %5%wth inAaenkedighibution systane iictgipped with 4 strings and 10
typi cal configurat} ne temis |located at the bottom of the
react or and furthéFQ%ﬁguéyﬁ%gspectiver 2, 4 and 6 mfromthe bottom
The influent di stri/buftleveayi draddiow (36 78 xe¥hitie dirsted tonHe battomgniGent

T o Lo YLD Bl sl Bt sl LB L

entrapmentg. Typi GRithbuAQYe@in ifRspdMelyD shd aghed to one hal f of
the nozzles and as a result 100-60%to the other half. The preferred

change over from iaehtlafinant dishiion system & onenaiedsvith A mindanaxgow
using two infl uentdi&#‘ﬁ’tg“ﬂ%g?’?'é‘%’ﬁ’%"%gﬁ@‘%ﬁ%‘?? 4. 20 to 15 80% of the

flowis directed to om i ution systemand as a
result 80 to 20% of {The viakiows hepacteeofithé inventiodiasé nblwdncdatsg sndhe dbsis

hi gher elevatign. In case nore fhan two influent distribution systens
are used, theO&%eatt&lcg?cfﬁ%ﬁ]f Sbﬁfl%]fenf he influent over the systens is

20- 80% t 010 hefipolet0givés ¥l elifeitierad Qrodess hivaHEémSHaLREINERE alrbgetbestd aS0
80-20%is distributed equally over the rest of the influent
di stributi on WPEHEAENGEaANLgher el evations. This enmbodinent is further

expl ai ned in #hg.clald Quk R sRIRiree phRSeghrdialy Wast ewat er flow 100
8/ h.
figure 2b a top view of the separator,

figure 2¢ another top vie\_:v of the separator,

15 figure 3 an upflow reactor with multi level influent distributions systems,
figures 4a and 4b two embodiments of direct recycle pipes,
figure 5 a top view of an upflow reactor with multiple three phase separators,
and
figure 6 a recycle from the top of the reactor using a gas deflecting plate.

20 In figure 1, raw waste water 1 is fed to conditioning tank 2, where it
is combined with recycle water 10 (gravity flow from the upflow reactor 5). In
the conditioning tank 2 the water is conditioned (temperature, pH, nutrients
addition) by means not shown. Reactor feed pump 3 pumps the conditioned
water via valves 4 to the influent distribution systems 6 near the bottom of

26 reactor b. .

The waste water rises in the reactor, wherein a sludge bed is present
consisting of mainly granular sludge. Due to tl:le anaerobic breakdown of the
contaminants in the waste water biogas is formed and a mixture of solid, liguid
and gas develops. The mixture enters the three phase separator 8, where the

30 gasisremoved via the tilted baffles 12. The solids in the mixture settle



Actual wastewater flow 60 nB/h 25 Feed flow to the reactor 150 n8/h,
so 50 rn3/h anaerobic effluent recycle under design conditions
-Reactor 600 nB, 15 mhigh so 40 m2 reactor surface The reactor has
3 influent distribution systens over its height, one near the bottom
one at 2 mand one at 4 mheight 11 Each influent distribution
systemis equi pped with 4 strings and 10 nozzles in total. 1/ 2 of
the reactor feed flow (so 75 math) is dirg2ted to the hottominfluent
di stribution systen1and 1/4 (so 37.5 ma/h) is directed to the

i nfl uent 5di st mat respecti vyel 2 and 4
|nfluent dist i ého eﬁ ¥ N andhazer waeq te fhereapier) C wﬁ;eeqlrf‘@wentls

di stribution ofitB&%/n th2%asS0. R é&lﬂﬁ‘édﬁ&ﬁ‘i@lemoved th1oug-ﬂ"ﬁné/ ‘?rR&H@le is

aspects of the invention are now el uci dated on t he basis of

attached fi gurvweidhdefer Gy ﬁlmtsf)utlgmtghﬂnga 1k én theealjemetive the mcarglg (all by
arrangemnent C%@ﬁ*ﬁ@'é&ﬂr 8y E’fh G835 Blmab tf&nﬁf%ﬂgb&ﬂs@bﬁ&% t%x?&elﬁ%/hasegure

2a a side vie ase separator I ew of
t he separ atbor ,sepagiomp o t0kaffodrh @art ditheitbwe gfhatd ecrmeplrhat or,

Figure 2a gives a detailed view of three-phase separator 8, wherein
13 denotes the water flow inlet. This water further contains gas and solids and
flows between the multiple biogas separation baffle plates 12. Due to the
turbulent, downward flow of the mixture attached gas is separated from the
10  solids. Part of the mixture flows down through the section between the bottom
of the bafile plates and the lower gas gap 11 and part flows upward into
internal section 15 of the separator 8. Internal section 15 is preferably
provided with internals such as tilted tubes or titled plates to improve the
liquid- solid separation. The solids settle in downward direction and flow down
15  backinto the reactor through section 18. Liquid flows upward out of the
internal section 15 and via overflow launders 14 effiuent is removed through
line 9. The recycle can be withdrawn from the bottom part of the three phase
separator 8 and next via pipe 10 gravity flow to the conditioning tank,
In figure 2b a top view of the three phase separator 8 has been
20 given, wherein the numeric indications correspond to the numeric indications
in the description of figure 1 anli 2a. In this figure various possibilities for
tilted plates have been given. 15a denote corrugated tilted plates, 15b denote
tilted tubes and 15¢ denote tilted flat plates,
In figure 2c¢ a top view of a three phase separator has been given,
25  which has a specific dedicated section for collecting recycle. This section has
been denoted as 16. This section can be with or without internals: The water
from section 16 flows throu;_.;;h overflow launders 14a to recycle pipe 10. The

effluent flows via the launders 14 to effluent discharge pipe 9.



15 figure 3 an upflow reactor with nulti level influent distributions
systens, figures 4a and 4b two enbodi nents of direct recycl e pipes,
figure 5 a top view of an upflow reactor with nmultiple three phase
separators, and figure 6 a recycle fromthe top of the reactor using
a gas deflecting plate. 20In figure 1, raw waste water 1 is fed to
conditioning tank 2, where it is conbined with recycle water 10
(gravity flow fromthe upflow reactor 5).13 n the conditioning tank 2
the water is conditioned (tenperature, pH, nutrients addition) by
means not shown. Reactor feed pu 3. punps the conditioned water via
Val ves 4 to the infl dBAiEwas SeBEe HLHFeE i HEAFTSHE NASe6M of 25
reactor 5.  described, R iNPFRL d@EBLLDH 3PReind 6516h, RGN, THARSIRINA o
sl udge bed is present consisting of mainly granular sludge. Due to

t he anaer obi cwbtessiedbanadeus diechrase nirieaanreguiated tia wé?,@e‘igaaébeﬁc Prd4ds
is formed and a m xtuyse. | 0. hi.qui I

m xture enters the tEﬁéggéﬁg%&ﬁggﬁgpgﬁggw@?a“ﬁgigg%ﬁgeggag%éﬂﬁglare
renoved via tleated greférdidf ih & Hittowd lof teothirelsphasetdoparmitont 0. Figetetdoe
12 through the separator, and ar.e returned t he reactgr. C eaned
ef 1 uent i's VPRI HEFPRTFUGE Bt bl JaEs Dt SO L foved ¢ hr ough
line 7. Recycle is Wi fdhpa\8 a(tby vBRed kil 0ee Phbbd@phPatobdlint 412
alternative the recycle (all by gravity) can be w thdrawn_form

| ocati on 10a Woiewirerctanpseshpui. Brkeehbedimens fup serralesp bave 8pshar t

of the thr eeeﬁﬂﬁﬁﬁ LAE AL 2l ﬁosséi}:le 0 includé b ?{%@:aﬂiré’.%acﬁ diehai | ed

& S i
view of three-phase separator erein 13 denotes the water flow
inlet. ThiG weeparatous isitenneaber tirnughy diveeimgcydd biges anth theoreydheline dh.

the mitiple o ge%gc]%ﬁvg%rsg—#a[vg B2 ];'{v?d@d @{tﬁ?gﬁ%‘a, MR OnleMer have an

turbul ent, downwar the xturée a gas s separated
fromthe 10 sependdoseRasitionfortdaa beiunsedite réghdnie tHoWowt i Wgie 1008, either
section between .the bottom of the baffle plates and the | ower gas gap
11 and part f$r@\%§aﬁ%%?tﬁp1"?ﬁ% interpal section 15 of the separator 8.

Internal section 15 i$fipkef €k pabilble embodiment of a gas deflecting outside the
15 three phase separator has been shown, This device consists of gas deflection

means 19 and 20, which are located before the withdrawal means 10.



provided with internals such as tilted tubes or titled plates to
inprove the liquid- solid separation. The solids settle in doWwward
direction and flow down 15 back into the reactor through section 16.
Liquid flows upward out of the internal section 15 and via overfl ow
| aunders 14 effluent is renoved throuqh line 9. The recycle can be
wi thdrawn fromthe bottom part of the three phase separator 8 and
next via pipe 10 gravity flowto the conditioning tank. In figure 2b
a top view of the three phase separaighn;8 has been 20 given, wherein
the nuneric indications correspond to the nuneric indications in the
description of figure 1 and 2a. In this figure various possibilities
for tiltediplhab@seshanerResibebbiterifeatod 6N AhGe Q&tté#géthg% Elhh% eﬁed

pl ates, 15b denote tilted tubes and 15c denote tilted

figure 2c &%p Vhisly RFpcess comppidses Hasking sypatearater hrpsl befeqnaawewcl%
whi ch has gathasithé %“Qggbﬁ%fﬁﬁiuﬁﬁ&& bddBeof SH’mﬁﬁHg%CMé’éngaQ&)éQf)aq'ato hi's
section has .been denoted as . This section can be with or wthout

i nternal s: SaFﬁée%%?re?OnW%‘ﬁgé%%t’tyoﬁa&’ela? Pigvgasstibut grrdycing logas mtheder s
14a to recuch@ndipe 10. The effluent floms vra the launders 14 to

ef fl uent di scharge prP gure 3 a nmultiple

i nfluent dPESHSIHE FSH tg‘ﬁsgaéﬂﬁqﬁéﬁésoﬁééﬁmﬁgg &H“ﬁé@ithrh%gh thy sersggtor;

di stributi epafitBbeRSzRand 88lid Bk B ]%d:d ih faad%@m&tt;r 2hd Rty g&er;
vari ous drsc%%r%ﬁ pipes is regul ated via valves 4a, 4b, 4c and 4
Fi gures 4a®afid @b show details of direct recycle pipes, which are 5

| ocat ed prettﬁaxahtﬂgﬂha eimenhmlﬁem&f, of R séﬂams 9&1@%&:% %rsaﬁ&rfrclyl&t
shows sl ots

Fi gure 4a e orifices ure

17a. the mfr“rrf °‘S°)§tY’F agparrt@wwe |Stﬁaﬁrtent°ﬁt1eeaﬁﬁaeéhe liquid
separ at or Splise, athetkh kibad rpeasst, @ibedloR ofHRe Wiked ket SaR AL ABA L1l WO
separators h ve, heen s | so possible to include nore

separ at or s¥° fo BEFetsRd W%ﬁ§@ﬁﬁrﬁﬁﬁr %°%connected through direct

recycle pipes with the recycle Iine 10. The recycl e pipes have been

provi ded v val ves ich can _either ve open-cl| ose positjion or
can be usgdw%mi"%ejﬁfﬁt’g? & ey ¥ %Fr’fldﬂ? %%%reé?"ﬂ‘?@?e djpsadasey or

stepw se. of 50 to 70°. In figure 6 a possible enbodi nent of a gas
defl ecting outside the 15 three phase separator has been shown. This
devi ce consists of gas deflection neans 19 and 20, which are | ocated
bef or e t he. Thd frdtcay@dortingns clddh 1, wherein recycle water is withdrawn separately

from the effluent, either from the three phase separator or from the top of the reactor

I n

outside the three phase separator.

4. The process according to claim 1, wherein the reeycle water is introduced, into a
conditioning tank into which also the (raw) waste water is introduced, and from

which the combined flow of waste water and recycle is introduced into the reactor.

5. The process according to claim 1, wherein the tilted plates, tubes or other tilted
internals in the three phase separator body increase the effective settling surface with
a factor 2 ta 10.

6. The process according to claim 1, wherein multiple-biogas separation baffle plates

are present at the inlet of the three phase separator to prevent that biogas enters the



14 Cains 1. A process for the anaerobic purification of waste water
usi ng a sludge bed system which process conprises feeding waste

wat er and optionally recycle water to the | ower part of an upfl ow
reactor conprising a three phase separator, said reactor containing
mai nl y granul ar bi o-mass thus producigg bi ogas in the treatnent;
passing the resulting gas/liquid/solid mxture upward through the
separator; separating the gas and solid fromthe liquid in said

separ at or adEallsBRIEOYor8i8R 8f fleithtke M a&S debbRBdr andl drida@WrRg ieh e
effluent fromthe tqop .Q separating _the solids from

)f the separat or ;
the |i qui dssPAraiopsf thedtiogss (hubbleskattached o the sefid narelesepar at i on of t he
gas fromthe |Iiquid phase, wherein tilted plates, tubes or other
tilted interpnals are installed in said portion to increase the

ef fective SEtEPrIEsaerrrdRate clazm Sqwhergip g te Lbiogas seRr #iprihatiies @lgtsspre

wher ei n t hgrekdtternal s are positioned in an angle of 50 to 700. 3.
The process according to claim1l, wherein recycle water is w thdrawn
separately fromthe effluent, either fromthe three phase separator

% fromt @m@pmeég; brerdi QA6 tlaim OUiifRkelR tHelTe: dﬁ:@ﬂ@@e&’ﬂ@ﬁl giifRatat or. 4.
e process accgrding to c¢laiml, erein the recycle water is

i nt roducecf,ieﬁ"eiﬂ r&“%oan’&‘i“%tf i?ﬁ?lﬁ’@;&'fe&ﬁwgmf‘rgh"é‘°wséﬂn'al so the (raw) waste
water is introduced, and fromwhich the conbined fl ow of waste water
and recycle,is introduced jnto the. reactor. . .The process according
£ ol ai m 15 THABFEF SRR foiaia RRESH 4 iodeeliof hajeRoeibiabston

i nternal s dyteinhere pPus@ft. phase separator body increase the effective
settling surface with a factor 2 to 10. 6. The process according to

claim1l1, wherein nmultiple-biogas separation baffle plates are present
at the i nl B Thé priotres hdetdingtb alain 8 oat¢h afirdtonfiety @Rtribliih PkiRgASs

t th 5 t yal ttl ti f t t hr.ee. t
and pr ovi qaeeta] P o B G of B R AP fan TET LB PR e hed <o
t he sol i d ipfiudntdisesbution systbes predorass] shoeoihd fifg oh@atClb@itioh Shetwiaer k5 n 2
to 10 bi 0433 SePALALLAM LS. ates are present.

11. An upflow reactor suitable for the process of elaim 1, which reactor comprises a
reactor tank having incorporated therein a three phase separator for separating gas,
solid and liquid, which three phase separator is present in the npper part of the said
reactor,
at least one influent distribution entry for introducing a flow of waste water into
the reactor, in the lower part of the reactor,
at least one effluent withdrawal exit at the top of said separator for withdrawing
anaerobic effluent from the separator, wherein the portion of the three phase
separator, above the separation of the gas from the liquid phase, has tilted plates,
pipes or other tilted internals installed.

12. The reactor according to claim 11, wherein the internals are positioned in an angle
of 50 to 70°.

13. The reactor according to claim 11, wherein a conditioning tank is present,



8. The process according to claim1, wherein the feed to the reactor
is introduced therein through a nulti level influent distribution
system 9. The process according to claim8, wherein 2 to 5 | evels
of the influent distribution systemare present. 10. The process
according to claim8, wherein a first ;jgynfluent distribution systemis
| ocated near the bottom of the reactor and other influent
distribution systemor influent distribution systens are | ocated

above the tpmsaedamh asleOfdbi £BS ﬂaﬁw&w@%em@&é%&&@%ﬂ%@ht of
t he reactor An trJaErow r&gct or suitable for Effr ocess of claim

1, which r é%?@‘fl%?‘”tb Beanyoltag ceastort ark RameAgs F‘h% Beraeels ander ei n

a three phasstesepafawas tHeatadgaparating gas, solid and liquid, which
t hree phase separator is present in the upper part of the said
reactor, at least one influent distribution entry for introducing a

fl ow of wam erhwfeeétof aécerdihg td €akk o1, whidh Eﬁh@héﬁﬂ@.ﬁdd&%& leagtfont RRycle
at the taop of sal d

reactor, H‘L‘&W‘s effldgent wi t hdr awnal it

separat or F Wb auiog servele gptery }H‘F PHbifseRAEats &ioay the

wher ei n theﬁ‘]péﬂttmﬁha]r@;frs;lteheaﬁchhwﬁileh mgem&&w Sfitis _a.&gi)gﬂj,dﬁxlhﬁlthdraw _
separation_o romthe |igui tilte | ates, pipes
or ot her -t PREEGORPERiEF 8% Stbark hor s theriom oF Bacrstor ReiebA b
claim 11, piheeeédardthe i Nnternals are positioned in an angle of 50 to
700. 13. The reactor according to claim11l, wherein a conditioning
tank is present, 16 provided with waste water feed neans, recycle

f eed nmeansis. Ghanectoe dch‘dﬂi]g tomhnmenyﬁ:h&eimi inilipheAkibgaRB T atiin Baiie
react or, d, feed ste water flowto

| d
t he react oélateiire ﬁsen?é %%ce8?&8t . egnhce‘fﬁ%pe °T-whi ch further

i ncl udes at | east one recycl e wthdrawal exit for w thdraw ng recycle

which f he_ef hdr d
i o' r ooyl 28t B fand SELGRB S RoeRt R TAr £ TP e

t hr ee phasee pmpentat or or fromthe top of the reactor outside the

t hree phase separator. 15. The reactor according to claim1ll, wherein
mul tipl e-bi ogas separation baffle plates are present at the entrance
of the thrieThirzsdosaypenditedp claif 17, eereie 20b Srinfhend didirtotion sgdtahm 15,

wherein 2 a&QP%QerRiai)gﬂﬁ &@&Q&g%%l@g&gl e plates are present. 17. The

reactor accotrding to cfa m ereitn'2 to 5 influent distribution
systens are present at different levels in the reactor.

18. The reactor according to claim 17, wherein 2 to 5 influent distribution systems

are present at different levels in the reactor.

19. A three phase separator, suitable for use in the process of claim 1, which
separator comprises a main separator body, at least one entry for a gas-liquid-solid
mixture, single or multiple-biogas separation baffle plates for separating gas from
the mixture, tilted plates, pipes or other tilted internals installed in the three phase
separator body above the separation of the gas from the liquid phase, and exit for

withdrawing effluent water from the fop of the three phase separator.
20. The separator of claim 19 which further includes at least one recycle water exit.

21. A three phase separator, suitable for use in the reactor of claim 11, which



18. The reactor according to claim17, wherein 2 to 5 influent

di stribution systens are present at different levels in the reactor.
19. A three phase separator, suitable for use in the process of claim
1, which separator conprises a nain separator body, at |east one
entry for a gas-liquid-solid mxture, ;gingle or nultiple-biogas
separation baffle plates for separating gas fromthe m xture, tilted
pl ates, pipes or other tilted internals installed in the three phase

separat or bpdiatab@du@ricers SeRdePiraOR body, HIRagAS e bARYTIr A abliguiddoRiase,
and exit for withdraw n effguent wat er g?ﬁ$1 he top of the three

phase sepaP&tge m?@e°? BRSGTEPRtieR teRHPTCISPRERR 875 FFORR| udes
at | east ofie rﬁﬁﬁﬂ-@ |tBtedall£Es, @igel or dher HAtddAREn AN BSIBE PRI BFee phase

suitable for use | actor of Ia|n1 i.ch 7 separ at

conpri ses PRI bgabaﬂ?a‘fe QBW“‘E&" jf@?e&gﬁlﬂﬂﬂ fe, 4bd exit for

gas- | i qui dwihdirating effluen® and Fogl tBe p ofthd thpdeHakOGpsras@par at i on baffl e
pl ates for separating gas fromthe mxture, tilted plates, pipes or
other tilted internals installed in the three phase separator body,
above the Z®([Ths adpacatondf cld@ 20achidl farthe g cliides dtded2b aserecyRt &% dxif, Or

wi t hdrawi ng effluent and fromthe top of the three phase separator.
22. The separator of claim20 which further includes at |east one
recycle water exit.



