Titl e: Process and reactor for anaerobic waste water purification

The present invention is in the area of biological waste water
purification and more in particular in the use of sludge bed systens
in anaerobi ¢ waste water purification. Bi ol ogi cal wast ewat er
treatment uses active bionmass (bacteria);jto'5 convert the pollutants
(organi ¢ substances) to harm ess conponents: Basical ly
there are two types of bacteria that can performthis treatnent. For
so-cal | ed anaerobic treatnent (w thout oxygen) a consortia of
anaerobi c bacteria convert poIIutants substantially to bioggas. In
aerobi c trealHd®it thHRrosess ancyaastonfar paaekobis Waskervater syrHicationn 10
oxygen) conditions for a great extend to new bacteria / biomass
(surplus sludge) which needs then to be separated fromthe treated
wast ewat er and processed separately. Anaer obi ¢ sl udge bed

reactor systens utiljse anaerobic bacteria to convert. pollutants in
wast ewat er to bi ogas: ’b herpersentHyentign as B%tE]FPeF‘YE‘é‘ 1P|]I°§1°§gW&PWPWT
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often charac erise | ow net onass production (typically 2-4 % of
converted CODpa@sbe wesimIWat@fpuhxélchmmnnet yi el d of anaerobic bacteria

involved. This is o dvant a as the excess. bi,oma
devel oped in wast evvgl?’é’?o@? @g@{%ﬁg eﬁ‘géls‘?%aﬁfév %@B&?ﬁéz’b%&teﬁaﬁo
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tsen5|t|ve aspect to retain maintain sufficient active bi ol ogi cal

sludge in the treat rﬁaﬂm@&sﬂv@w gretive tynes of hactarihthht shnmerforni Hys
SR B T
met hod t o Ung@aYoBid Batidida ceiwRE bOubant® shbRahHiaDFas bidgekent i on tinme.
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 treatment 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
256  mobile carrier is one method to uncouple liquid retention time from biomass

retention time.



2 A better and preferred nethod however is to make use of
mai nly granul ated bi omass as applied in UASB, EGSB and | C reactors.
To date nore than 85% of any new industrial applications for high
rate anaerobic treatnent are based on anaerobi c sludge bed
technologies 5 (Frankin R J. (2001). Full scale experiences with
anaerobic treatment of industrial wastewater. Wat Sci. Tech., 44(8),
1-6). The purification process generally conprises the use
of a systemwherein raw wastewater is introduced at the bottom of an
upflow reactor, contAibRtfRY atidSRefesRd MieCHEBRoWEvdia kb nyakdidef dfesdinly
wastewater. During the 10 anaerobic purification process biogas is
produced andgtanlatad kionraseipgarpliedin BASBsBISEandi6raadprsand gas
flows upward in the me oL.. ... = L, . T
i schar ged. a gas- i JueaeoBPr R SR E shb ity RENRURPpARREs fox high

A typical sysiiemdzeiolEteieadmenoaesbadesl dinargerobicsladgebéd tarhnglogiask
to which the raw waste water is fed. A recycle, of ana%Eobi c effl ¥ent
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i ntroduced into the base an upflow react rough a speci al
desi gn influent di stThéphrifinatiysperesSodsagilgrbhprides thauee of 4 eystem

upwar ds through the dense anaerohi ¢ sl udge he ol uhl e IS
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speci al ly constructed three phase separator sections at the top o
t he react®r fhasobifputificatidroproe¢dsdivgasisqugducdd sud aonixtueroefdiguid

Next th l'id ti.cl d [ f att d bubb i nk.
back to the BotERmeohts fRomArd st arsd e APuRET Tl Tt PeriiieR piied
the react or. waBtcvatkt 661e b Ahch8 AL éfgafshﬁ%tﬁﬁ%ﬁassebﬁra{tﬁirﬁhm #ake place.
virtue of the good settleability of such bi omass and the use of a

three phase separ at ¢k txpicalmysterpfassichephreress & hasedina 7 eensiioningank
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produced bi ogas retain suc rormass in e reac
of the presepiactdivieniioofedi(Boi@aldy By icteviey) torthe@vaditdthiagsenlaliiem the

wastewater t cr:oenacltitrirggitngptg?l(l:iet?usa n?i?:%grde i(s) ri]nizsrloylgggd Pn?:g tilg%ggg cl)fp agg 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.

25 In sludge bed reactors the biomass is retained by virtue of the good
settleability of such bibmass 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.



3 This is achieved by using a process and a reactor for
anaerobi c wastewater treatnent with one or nore of the foll ow ng
features of the inproved system which features conprise: |nproved
sl udge retention and perfornmance by using an 50 | nproved anaerobic

ef fl uent recycle nmethod o inproved three phase separator or three
phase separators with: Tilted plates, tu?es or other internals
installed in the three phase separator body to increase the effective
settling surface. 10 In process cleaning facilities for the three.

phase separator or tihResROB&Eves dpalsth®h prodeds bhe d FHREIFLS anadfdbid
pl ate gas separation baffles under the three phase separator or three

phase separ attassevafenirentimeat gush separ marenf tan bllewriag featuresigdhe
| mproved i nf klﬂ@%veﬁ'sﬁ%ﬁéégil%h%ﬂﬁgﬁr%g%%%gris In a first aspect

t he present inventio es in an i vea separation of the solids

for the |iquied.Inkprol/Bd slhirlizeadidtivin #nd pederrphacehsapagalor i s used,
having tilted plates, tubes qr other tilted internals installed in
the threedphase sepdr alBProaysdyangerebie pelusniresyclawethed the ef fecti ve

20 settling surface w , i YBe thy ' )
the invention is define lé’éegh'g?% essste;ég}')%%lﬁe ang%ﬁgﬁhgsﬁﬁélgﬁéﬁsﬁg%ﬁ'
of waste water using a skudbtdidasatsstidias onothdr prtoaeds istalded fethe three

feeding waste water, and optionally rec é{#e water, to t l.ower part
of an upflow reactor, cont d?lﬁﬁsﬁgseﬁﬁ‘f%#ﬂ/g Ya?ﬂ.ﬂné??e"’@letfg‘ﬁéfgﬁtﬁ%settﬁng
produci ng 25 biogas in the {neakment passing the resulting gas-

.

liquid- solid mxture upward and separating the gas and solid from
the 1iqui@ in a three phasdmsppaestaeardng fadibtiebjorgdwedhatd plgaserseparator

anaerobic effluent that is w hdraqlvm fromthe-toR gf .t he separat or,
the i nmprovenment conprising ?éﬁ?ﬁ?%? A% JaparAtors gui e pmtermalsi quid in a

separator, wherein, above t{1@ls9Rakahk@epsiatidhesHAss e EHI?tHrEQBhQse
separator or three phase separators to make the gas
separation more effective.
15 o Improved influent distribution system(s).

In a first 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 tlilted 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  Dbiogas in the treatment 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



4 phase, tilted plates, tubes or other tilted internals are installed
in the three phase separator body to increase the effective settling
surface. In a further enbodi nent thereof the invention is
directed to an upflow reactor suitable for this process, which
reactor conprises a reactor tank 5 having incorporated therein three
phase separators for separating gas, solid and |iquid, which three
phase separators are present in the upper part of the said reactor,

i nfluent distribution neans for introducing a flow of waste water
into the reaphase, tdaediplatés, duhes ai dher bilitedonternatsatssingtplledéndghe three

the lower part of the reactor, .effluent wi.thdrawal. means for
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reactor, wherein the three ghase separator has tilted plates, pipes

or other til upflowneeeivalsyitohin far thig nracashevhinbamagtrasenyapras atusactor tank
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for a gas-liquid-solid mxture, single or multiple- biogas separation
baf f| e pl at esaifgreagiegainitueny dipiaibprigmopepnsiog infiredugipg pddpwpphvaste water
pi pes or oth ' L nt ' - | |

separ at or boﬁ{t?ttg%tgggeICtP ﬁeﬁg%{a@?ﬁr@%&yfﬁt Og qﬁ%%% ?%%E%g%?gﬁitge lower
phase" and npartsoffthe rebdibelredfiuag eithitenil magnhropithdreding salagtobic
recycle water_ fromthe top of the three phase separator. The

i nt er nal 0 i nefthiens &oan she Ferpratyiand ?mﬁyrreahﬁaﬁ@?ﬁw%mw fpy 50
to 70 to all gy 1"9%;1111%/ 238k jcd ﬂﬁw%or{srﬂﬁe QQA&&QWQ&K‘%QL{:H@H@QQPEPQE free
space between the plates, in the tubes or between the internals is

typi cal | y atsdpmaatorSthsmidted ppates,gripesobinathay éiltednintemals sostalbsbiecthe three
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15 separator, 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 means for withdrawing effluent and
20 optionally also recycle water from the top of the three phase separator.
The internals in the separator are 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
25  separation is located below these internals.
This can be further explained with the following example:
o Design raw wastewater flow 100 mé/h,
s Actual wastewater flow 60 m¥h
+ Feed flow to the reactor 150 m¥h, so 50 m3/h anaerobic effluent recycle

30 under design conditions



Feed flowto the reactor 150 nB/h, so 50 rri 3/ h anaerobic effluent
recycl e 30under design conditions 5 The reactor has 3 three phase
separators of equal |engths each of 5 n2 effective settling surface,
wi thout extra internals and 25 nR effective settling surface 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 60) in the 5three
phase separator body). The effective surface | oad on the three phase
separator both for the design and actual situation is 100/15 = 6. 67
n8/ n2. hour in as cOheentctondasSydiresphAecopdrmgrs of equenlilangilisicanhohé m?

ef fective surface | oad on the three phase separator is 100Q/75 =,1.13
8/ n2. hour under a@%&aﬁa hih Sace NP PR BopmsISand 45,7 RBeGHH
under actual oper aigd bk _ | SF b 2 :
15 S vor o oA SR he8Repytof s puc 5 Re RN, 29400 e

performance and r efitl¢ 0 emmremchstheapiges eraptrigomed under anangld of 60°) in the
investnené cost . ize the sane surface | oad | ess

three phale separ {¥%6f p&?&?]‘sgﬁaer)a-gg%g‘?e@})r equi red. Recircul ation of part

of the anaerobic effTHERHetiSvdONideCloal ohQhe $hatd Hﬂié)slé%feﬁhi‘é}:@r BbtiRfor the
anaer obi ¢ sl udge bed process, reactor or device. 1t provides stable

hydraul i ¢ cod@sighons) aqtuelsiteatidn i WU/ 1mFt6/6 amd/muhpwein 8 canvkntional

diluti f f / t evat t toxicit d
ocal " over | oblitahf ek ng t4BRL FBL b hR RS LR B bl
reactors or @ause€SsparhtdrSis QO = PIIRCAHE/EE Hdreale! ®sighaddnddfiond &ed only

anaerobic effluent b ravity back to a conditioning tank, after it
has passé® tﬁ@”&fnﬁi%@%@%@é‘ Wieyacke APgrating conrgitieBs phase
separators. This re iN.:

water / nR three phzgléfsgi%&}%lg% gr%}sl% '}(L:é(rgf.l?ﬁﬁ%wﬁgﬁﬁgﬁﬁg{’%ﬁ?%gssgﬁ)aeg% t
separ at or 25shidgklinesntphgdetteprifthoishce aadtirbéucin acies) oadl té schieve lower
determned by the total feed to the reactor (= actual raw wastewater
flow + recir BUPERY BNeFIRHE @FYi ded by the avail able net surface area

of the three phase SPPALAIQIthe same surface lodd tdis ttﬂ?eetf)ljl&s%dseggié%{)i)@ﬁface)

of this invention already an inportant inprovement i's achi
However , 1y wordgumiedg this with an i nproved 30 recycl e nethod, even

further inprovement ﬁrg&rc%?agglg %.% Saer ‘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 separators, 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 internals; 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.



6 Accordingly a preferred enbodi nent is w thdraw ng the
recycle water separately fromthe effluent, either fromthe top of
the reactor outside the three phase separator or fromthe three phase
separator. The novel aspect thereof is that the anaerobic effluent
recycle is not 5 taken fromthe three phase separator effluent, as is
conventional, but fromthe top of the reagtor outside the three phase
separator, froma dedicated section of the three phase separator or
preferably fromthe bottom of the three phase separator where the

bi ogas has al ready bﬁ@&x&@w abpesfoand dribodigidhl eslwittdrawind tlowrdchele
t hree phase separator bod¥ are collected. 10There are_vari ous vva)é 4
in which thewraé@y@p@rweeﬂse rogm theefThenhdrtien fram ihe kep o %%eaf% outside

reactor of e, LLEGRIASE SAPAI ALALY 1 1rdd bidtscuthadiEnt . the

recycle wate rom Separator” at ocat1on where the
gas has al ready beenl‘ﬁeﬁavataeﬂeaftherému@thast theednaleadzﬁweﬂhmtheqmle teenot
bottom of the separator, just above gas d Iectl ng plate

anot her ehbotRkasHirom; the thies Bhasq SePRFR 108 SR Tr Bin't $REVPB OB%P#’HE from the
reactor, out %pd@f ﬁl@%eﬁaﬁ?r ?Eﬁﬁe the ﬁbrefe rpqﬁ%b% Q@pa@%hbxd TP alde‘l‘il'!a(ﬁecp BasRmn of

In this enmbodinent Is a ossibleto [ocate the w t hdrawal
behi nd a gastlmhathxeetpl‘rmge dqvanaeor @usieferably fromtthe Ipittie of thetlatsy phase

Tt ur e, 201 FERFEALGHTBEHE Che e e AP P AP PR V) ord apide
one or nore gtothtﬁ ttﬂﬁgee%mss%péﬁmf%&y}sambnw@ad more than one is

present) or part o hree phase separators for the recycle
wher eas ithe remai ndéfhok arheasioparrveysris \@hmbéhe ge@fclqwétqrma@ebqgwgbérawn

sebaraLore 2heut el S50L S8 88 8T Bt NGRS, B Bpegioent

>0 and 95 % ghe tR9cleAIReR &8l wHAY A nTroh QhY GbEa @b eat Qﬂltﬂzam&ﬁb@ie&he gas

effluent. Conversely, the anount of anaerobic effluent, wil] be

bet ween 5 anbasaleady bhen eepparater off, This is preferably done from the bottom of the
separator, just above gas deflecting plates.

15 In another embodiment, the recycle is withdrawn from the top of the
reactor, outside the separator, i.e, from the solid-gas-liquid phase. In this
embodiment it is also possible to Jocate the withdrawal behind a gas-deflecting
device, such. as a tilted plate, thereby providing some separation of the gas
from the solid-gas-liquid mixture.

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 generally be between
>0 and 95 % of the combined amount of recycle water and anaerobic effluent.

Conversely, the amount of anaerobic effluent will be between 5 and < 100%

thereof.



As a result the effective surface |oad (nB/ nR. hour) on the three

phase separator is always the | owest possible and directly

proportional to the actual raw wastewater feed flow | nportant

advant ages of the invention are the possibility to either 5 design
smal | er three phase separators, which would reduce the investnent

cost, or to have a better performance of the three phase separator
because of the |l ower hydraulic |oad thereof. Quite often a nunber of

t hree phase separators are present in a reactor. In such a situation

it is inportant to hAwve meulftheeffostévandfaguiabd 103metlmirg onfthe three phase

anaerobic effluent from each three, phasg separ.at and over .th
oot o ur { neeb O e AR Sens ihacat DRSS bla A ity PRoREThal b dhe rohal

of the inventi@iyvidtbwats Relig¥ed by acconplishing the effluent
recycle by a nodulating mn / max flow system Automatic open / close

val ves are then insthhpaganhadventagesyef ihelinnestion afe Pieppassibility wagibher
three phase separator, In this way a full or. partly recycle.can be
acconpl | shed FrEmeBRlle e Rascbraapgra B o so i s by sreient
ot her words, cést, bichSFDPBERBA beifbitm 86V 6 hefthove Hhosw RpaFatbhbeeause of
phase separator is controlled %@t he val ves wi th which the

di stri buti ontle# lawss hardyantic bfadrtdeyedfe from each three phase separator
is det i ned. 20l he fi.rst enbeodi A
3 determ e, 20 g ety RORSE B Dl P OB A R

cont ai ns an anaer obi uen [ N Co ronp

bottom W t hreRN6&f, ah s0pR Al gt tionsik 8 Snporahhts hivesn pifactveapdeqhal )
over its |lengths, ) . Each pipe is extended through the walls
of respetdi vEegyclefd anmesebiprekiens dran geel thieg Rhnse sepruader aatRveEnthe
cont ai ns an j tside the reactor) just
before all tﬁe )g‘gfl’%{égﬁg?gy%%d%gggﬁﬁ?%@gyﬁgg%gf. Thi s header
col | ects the anaer oldinca éfifthecainboéimyalteotithew Farginreiddhid duidevgahiase
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flow 100 n8/h. 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 recirculation 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 e Actual wastewater flow 60 m3/h



30 Actual wastewater flow 60 nB/h 8 Feed flowto the reactor 150
nB/ h, so 50 nB/h anaerobic effluent recycle under design conditions

Ef fective three phase separator surface 15 nR2. The reactor has 3

t hree phase separators of equal |engths. 5ln the prior art situation,
the effective surface load on the three phase separator, both for the
design and actual situation, is 150/15 = %0 nB/n2. hour. According to
the preferred enbodi nent of the invention, with the inproved recycle

| ocation, the effective surface | oad on the three phase separator is
100/ 15 = 6.67 n8/ iﬁ@ecﬂlﬂuw tonidherredest 480 8TH] éd B sn A GnaskobiBifIient Reaycle
4 n8B/ n2. hour under g operatlng condi tions. According to
a preferred enbodk? egig coRBHONS | ose valves in the recycle line

have for exanplg E@@cﬁ% k%e%a%%gﬁiﬁgor SL@@ t%‘lgma 2 val ves are

closed and 1 is op M nut es ere is a change
over: One of the E‘hes:eaicmﬁlmes mmphds%mﬂaﬁattomefaﬁtmléng‘chsi he val ve

whi ch is gpen cl oses i So at an nt the fu rec cl
flowis tken from of the Drids 2yt piipaionthe €lieeus arHRes loadss the three

e, e IMpSER by O U450 8 e S8SRDTes0n 2
is: 20 (Moremiégbhbur.ebicordingttd dhe prafarred emiddimenp hbde swpatiatowithnidhe
over the lmproved recycle location, the effective surface load on the three phase
separator is 100/15 = 6,67 m3m2.hour under design conditions and only 60/15
10 =4 m¥m?2hour under actual operating conditions.
According to a preferred embodiment, the open / close valves in the
recycle line have for example the following sequence:
*» At any time 2 valves are closed and 1 is open.
o Bvery 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 m?h under desigh 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 ¢ (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 ﬁhase 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.



| engt hs of each three phase separator. Automatic cleaning of the

t hree phase separator, with less risk for bl ockage. Mreover, the
conbi nation of extra settling surface and the new 25 neans for .
anaerobic effluent recycle results into a nore effective extraction

of the settled solids at the bottom of three phase separator. This

al so reduces the risk of blockage. In caseg a separator or part

thereof is specifically dedicated for recycle water, it is

possi ble to have different kind of internals than in the 30 :
separators for the €&Fli¢ means obanserchpeeffluenhexiraciion giveaklso the ppesibility

neans of anaerabic effl uent. extr.actjon gives alsq the ssi.hbi ity .for
T ocean rdn: Prets dERuirBerLRS thabaiate e Bt Stot s afg AR ifterhble b
i nternal s byjitpéd@dient dfebadllc RowdE atdrow @io)%@%%cﬂﬂes(@ir@ﬁglgﬂlﬁe same
recycl es through the same extraction pipe and holes or slots. 5This

is of speci apxtrapidon nimecarwhbeleaor slaét.or is operated under biogas
pressure £ conpl et el ypal, cfsse gfg%poer%ﬁflg{rﬁ%ﬁ{ﬁtg%%& Qﬁh%%nagkééﬁ? olﬁlse.}“ﬁtleh Be¥ery
G pUrF poOSes.

o
. 13.
I nconvenient to open a’r pection or cleani

The three phbibgasgpascat®(cosiplaiRlpEldsdty) dshender eseRcohdivienkiipRillbe lvery
make use of nultiple (2 to 10) biogas separation_baffles plates
sinilar as tHegnyenigpbtqeran f headier Br spsrasEonssBlepdnBPYBRSethr ee

phase separators. T?&%ﬁ%g%ﬂgﬁ%%ﬂ%a{c&?b ol ab A B ﬁ%@%ﬁt'@%&@ﬁiﬂh%ill

will positively be reactor as a tesuflt
gravity diff enéeoseiofdudenle (3 wul @thiommf depuardticmiaffids (datesaithilaAas they

further Lgportant prclenied Ly tel led (o Le Lmovel e

5 Lol LA SNBTBN o A i
reactor as a result of a by gravity difference induced circulation flow
{mammouth stream).

A further important preferred feature related to this innovative

15  anaerobic 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.

Typically 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 inventicn 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-nd undesired biogas production flows from the

reactor.



Typically the influent distribution systemw || be executed with 1
nozzle per 1 up to 4 nR reactor surface and having an even nunber of
nozzles 20 equal ly distributed over the reactor surface, using
strings with several nozzles at one string. The speci al
feature of this enbodinent of the invention is that the reactor wl|l
be executed with several of these influenigdistributions over its

hei ght. 25Not only will this give a better distribution and m xi ng of
the reactor feed flowwith the avail able biomass, it will also, very
ef fectively, break sPajembly slrasicfer iwall diage tab lqasé e prefbedblgifrig 5up of

bi ogas in gas_ pockets which may.result i.n irregylar d undesired

bi 0gas. pr odu BRSPS AR OREEHAe RGPt ot . heseiaranasry be
reactor will1deavel 8 dikRaskt FlanBs 67 & 1dRIBeiZh 6F theiBEQBE MR OPEHRL S 3E
influent distribution systens. These systens will be | ocated at

di fferent plavdsmoipdecatad nger g bejtomind the seactor. The ghaeinfluante fir st

s | f _.Th her. i nf |
2 g otri ot S eEluPER ey Rl PEIhe D350 Rlet pCplhtighfbetsith 15
| ocat i ons bebne&n%lsf thadh &S aftheheadter.ght of the reactor.

In a typical configuration one systemis |ocated at the bottom of the
reactor and further lormetenicalaopiguratéoyone systemdsdoqated pbihe hettom of the

bottom The Bégr(r:llt%e%d rrgifﬁf.'%ll orels ép{besﬁ]g%ﬁ\fegsf %ag ]aga ﬁlﬁﬁﬁﬁlet%e%ot m.

nmodul ating 1 OW SYS tefera orizonta
outflow for better rithd ingluend distedkition-sypteah cihdesdxucgedked fbdulating

prevent biogas entrapnent)., Typically 0-40%of the flow is directed

Do one hHlf BHEnY e, %‘flsé)ét%&flﬁéplé?f%’géﬂ RosigRneRontisot e RatkeoHanE and
The preferre ] ik B r P 1B
2 set - up. ust po ey LR She PrARE e (T pERnt BicBUE oKkt B 0 40

80% of t he fbfotheifowlis dicbaddito onhdabidfttheamniontlbsient! agdisstasubiut(de60% to the
system and as_.a re 80 to 20% of the flow to . the influent .

i str1but § orCdFe Ny Tberiigherebeiatiseiaya tom it €0 Mo (e o te & Riutes.
two influent distrilgytd %-Wﬁ&ﬁiﬁ&wﬂﬁ%ﬂ%ﬁgdisftfiﬁu%_ﬁfs?bééﬂ{é Bzfzbi&fllytﬂ?to
influent over the systens i's 20-80%to the bottominfluent "20

di st ri butd on8@%sx dhe Saw isibractern (o B @Ot iaflvendi diskilbuiadspgeal dnd as a

g?’g\r/ai rgn;_es}'es%ﬁt é(p & édb,%lotf%ﬂé ﬂcoi;zvsttorf %l{}lhggntsgﬁgér%tigﬁ spsitgr%earlt higher
elevation.
In case more than two influent distribution systems are used, the
distribution 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:
e Design raw wastewater flow 100 m3/h.
o Actual wastewater flow 60 m3h
25 ¢ Feed flow to the reactor 150 m?3/h, so 50 m3/h anaerobic effluent recycle
under design conditions
-» -Reactor 600 m3, 15 m high so 40 m® reactor surface

s The reactor has 3 influent distribution systems over its height, one near

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



This enbodinment is further explained in the foll ow ng exanpl e:
Design raw wastewater flow 100 nB/h. Actual wastewater flow 60 nB/h
25 Feed flowto the reactor 150 nB/h, so 50 nB/h anaerobic effluent
recycle - under design conditions -Reactor 600 ma, 15 m high so 40
n2 reactor surface The reactor has 3 influent distribution systens
over its height, one near the bottom onejat 2 mand one at 4 m
height 11 Each influent distribution systemis equipped with 4
strings and 10 nozzles in total. 1/2 of the reactor feed flow (so
75 B/ h) is direecEeach infludrg distribartidnndylstemtis disitppied witlod styisgemdid
1/4 (so 37.5 nb/h) di rected to the influent 5distribution system
at respectively 2“%@994?“1 tal. Each Influent distribution systemis

operated with g ”]hlﬁ df tHE%eéétQﬁNte‘élisﬂoW t7'50193/9§ iS8 % bted QYE RS HEMBIANIRANL

above. e various aspects of the invention are now
el uci dat ed on t hedibtrihstiof systemadn dtHedo Bi?’@wmé/h) isizedied to0hé inflwantl

i ves t he. general ess arr.angenent of a
gondl ti or‘ﬁ gg t ank Er?butsmn systemgat respec lvefy '&94 reactor and a

¢ Tach Influent distribution system is operated with a min / max flow
distribution of 30% / 70% as explained above.

The various aspects of the invention are now elucidated on the basis
of the attached figures, wherein

10 figure 1 gives the general process arrangement consisting of a reactor and a
conditioning tank,
figure 2a a side view of a three phase separator,
figure 2b a top view of the separator,
figure 2¢ another top vieW 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 8 pumps the conditioned
water via valves 4 to the influent distribution systems 6 near the bottom of

25 reactor b. .

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

30 gas is removed via the tilted baffles 12. The solids in the mixture settle



figure 2a a side view of a three phase separator, figure 2b a top
view of the separator, figure 2c another top view of the separator,
15 figure 3 an upflow reactor with multi level influent distributions
systens, figures 4a and 4b two enbodi nents of direct recycle pipes,
figure 5 a top view of an upflow reactor with multiple three phase
separators, and figure 6 a recycle fromthg top of the reactor using
a gas deflecting plate. 20In figure 1, raw waste water 1is fed to
conditioning tank 2, where it is conmbined with recycle water 10
(gravity fl owhieugh thﬁesempfat@wamdmaetlﬂ)led 0 théeeanbond iQle ame dhefflvank i

th t t t t ddi t.L
rmans not sndtpoiReat RgPeEh e RS a1 HetnoS R P R it oRecycle i
valves 4 to tvhﬁhaﬂauxyw}tgﬂakz&szs tDiis NIy B, SARLE alRFa fihe tIROL 9Bl Thl1 %5

reactor 5. waste water rises in the reactor, wherein a

sl udge bed i grﬂﬂéﬁ@e‘?ﬁn lteowshhﬁmm formdegatiop Hiealoutside she tixee rhaset o

<1 or moa Sand<BR AR B oB b lF PB4 PR e O alBRRE . “rre O

m xture enters the tBigeeRhaseesspatAaled vidy offigFeR-pieeIdpator 8, wherein
renoved via the tilted baffles 12. The solids in the mxture settle

12 through tH8 i@@ﬁh@%&h@m%ﬁﬁa flomeinlel (Thiewater fuphercantaips ges aadeglids and

ffl toi h
ot Luent Lo Whiaaoh BoUaldl Fg, 085, A0 Ssthd BLiSTRy Sl Bt gho
alternative tthebula@iymlb@n@aﬂrg ﬂm\ gir‘] tha m?tuﬁeaatt}afha% tgad ﬁ?xé%ps??téﬂ from the
I t 1 t hree phase, 5 separator) or omp
019 C? hleo'? hPee éﬁ@%? gﬁ%\g‘& ’BPjtul"e ows dow 75919@1 Phe gesiian %et&@@authégottom
vi ew of thregrphesorReNNRLd Ge 1006F LY ﬁ%ﬁ 1?%& t?@%s%\ﬁ{rdf Py

inlet. This water turther contalns ga sol |
internal section 15 of the separator 8. Internal section 16 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  back into the reactor through section 16. Liquid flows upward out of the
internal section 15 and via overflow launders 14 effluent 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 an]d 2a. In this figure various possibilities for
tilted plates have been given. 15a denote corrugated tilted plates, 15b denote
tilted tubes and 15c¢ denote tilted flat plates.
In figure 2¢ 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 through overflow launders 14a to recycle pipe 10. The

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



fl ows between the nmultiple biogas separation baffle plates 12. Due to
the turbulent, downward flow of the m xture attached gas is separated
fromthe 10 solids. Part of the m xture flows down through the
section between the bottomof the baffle plates and the | ower gas gap
11 and part flows upward into internal section 15 of the separator 8.
Internal section 15 is preferably provideggwi th internals such as
tilted tubes or titled plates to inprove the liquid- solid
separation. The solids settle in downward direction and fl ow down 15
back into the react o fifimeulh wadtiplemfient disfuibgtidnowstambas deoat  of
the internal ,sectian, 15 and via, over.fl ow | aunder 4 efflpyent is
remved ¢ hr ofgtretieebavingeuy iR EbEhen Ve R (4 abakh of e PR
part of the %&%&M@%rﬁ%@ﬁﬁ%@&g@p%ﬁ@ i9exduldicd BaRelvR 4, ayi Lyahl g,
to the conditioning tank. In figure 2b_a top view of the three phase
separator 8 has beenFizoresi 4eand dhabeivrdathids alidwesterecyde vipasomdrich are
correspo t e n rigc. indi | ONS | Lption of. fd. e
and 2o 1+ Frebt BTERLE DR ARy i P RERSY Rty JuBRETed
been given. IhevdeNobipetoningatificed 17 tRgud 8 ebowd Bhtdenate tilted
tubes and 15c denote tilted flat plates. In figure 2c a top view of a
three phase separ at di fgirepea toryrieenot mylijple threpaehasessparatoes in an
dedi cat ed segi} ' r 86 Thi '

denoted as 1@£ﬂ$ﬂfégégg?#%ﬁ%%gﬁq€é &%%hﬁgﬁﬂﬁ%@%@ﬁfé%ﬁ@%gﬁgP§§§$ﬁ%n
wat er from ssledworbuiGt id Qes pbéwiblegio iaviewk imovel sepadeioss. Biehtad thecycl e
pi pe 10. The effluent flows via the | aunders 14 to effl uent discharge
pi pe 9. 1013 separators ig epnriegiadet "O‘églhﬂ}lie%}'eéyf]ﬁfﬂlﬁ%wti}i Septls e 10
system has_DeRg 106 biEd habBbbad phoHcd b L AYLL APhiBH BhATBHRR hatB an
6c en 6d. The anount water to the various discharge pipes Is

regul at ed vi eparatives pdsitiodlvr cdn banteddo régglatethedBowficbrd 9 ®HEO%, either
details of dir%ﬁélnecy | e ﬁipes, which are 5 |l ocated preferably in
the bottom o3 HrSieniFisee separator 10. Figure 4a shows the pipe

having orifices 17. Ihifgpihe ¢APpseiiR cthIEmEAB of a gas deflecthily bhGdLtHe a
top view of nulti El e three phase separators in an upflow reactor are

shown. 1¥p t hihwee ¢ rest atdrasdprenathora. e dpden cetrosta of isas defle¢tion
al so possible to._igcl r.e separators.. Eagh of .the 10 separgtors
7 Connect ed RS s dthif 3P MR Bero e Pk PSeg CrEERFRE 20

The recycl e pi pes have been provided with val ves, which can either

have an open-cl ose position or can be used to regulate the flow from
0 to 100% either gradually or stepw se.



In figure 6 a possible enbodi nrent of a gas deflecting outside the 15
t hree phase separator has been shown. This device consists of gas
defl ection nmeans 19 and 20, which are |ocated before the w thdrawal
means 10. 14 Cains 1. Process for the anaerobic purification of
waste water using a sludge bed system which process conprises
feeding waste water and optionally recyclg water, to the |ower part
of an upflow reactor, containing mainly granular biomass thus

produci ng biogas in the treat ment passing the 5 resulting
gas/liquid/solid mxture upward and separating the gas and solid from
the liquid in a three phase separator agg her eby generating an
anaerobic effluent that is withdrawn fr e top of the separator,

t he i nmprovenent conprising separating the solids fromthe liquid in a
separator, wherein, above the separation of the gas fromthe |iquid
phase, tilted pl at eErotésstfobeise Maabb'mrpmiiﬂidaitbd oft eastalvmtar asing a sludge
installed in éﬁg hree ase sggaratqr .to incregse t&e effeﬁtlve
settling sur Peeayste BELESHLOTRBRIA BBV ATLE WAlRE AR ﬁ’pFIHBa
internals argg &%‘ﬁét@?el% the 18Re AP Oh m’l&vprg&tor, conéinlaﬁq
according to claim1 or 2, whereln recycle water 18 rawn
separ at el y f gizmuddebiehidssdghtis peodueéng brogas ihéhe tnea&mphiaspas&aga;hat or

or fromthe top,of the.re r,outside the.three se par at

B ocess dtcotBRE EThar Il R Rvang PAGpRRE iy B g aid sotid”
introduced, RbAfHAMYIdIY DAY biasdbdpadatR A iHPEMIgdRRLtihE e Whi ch
al so the (ravv) waste water is introduced, and from which the conbi ned

fl ow of vvast@nmowmeéﬂuawdthaécwaéndrgmrfwmctb@édp phthe sdperateacths .

5. Process ace ml-3, r ates, tubes

o ooyt adeREnt S Sl st OBE Thd G bbbl B 18857 o JebRERIor,
the effecti veheriih) ame%@fsapﬁrammmf&hfe@@b@foxﬁ th@1i4Qid phade, tifedGsigtes,
according to claim1-5, wherein nultiple-_biogas separation 25 baffle

pl at es piubeg ot opher tilbed amternals agp én&tﬁ]fl% i hlag Bhuge phesg separgtor body
prevent that,hbi oga e%@é%ffﬁcﬁ@@s&ﬁiﬁ@éuﬁ&é“ |_ng section of the three

phase separator an
2, Process according to claim 1, wherein the internals are positioned in

an angle of 50 to 70°.
3. Process according to claim 1 or 2, wherein recycle water is
15 - withdrawn separately from the effluent, either from the three phase separator
or from the top of the reactor outside the three phase separator.
4, Process according to claim 1-3, wherein the recycle water is
introduced, preferably by gravity into a conditioning tank into which also the
(raw) waste water is introduced, and from which the combined flow of waste
20  water and recycle is introduced into the reactor.
5. Process according to claim 1-3, wherein the tilted plates, tubes or
other tilted internals in the three phase separator body increase the effective
settling surface with a factor 2 to 10.
6. Process according to claim 1-5, wherein multiple- biogas separation
25  baffle plates are present at thé inlet of the three phase separator to prevent

that biogas enters the actual settling section of the three phase separator and



provi des effective separation of the biogas (bubbles) attached to the
solid particles. 7.Process according to claim®6, wherein 2 to 10

bi ogas separation paffles plates are present. 5 8. Process according
to claim1-7, wherein the feed to the reactor is introduced therein
through a nulti level influent distribution system 9. Process
according to claim8, wherein 2 to 5 leveis of the influent
distribution systemare present. 10. Process according to claim8 or
9, wherein the first influent 10 distribution systemis |ocated near
t he bottom ofprovides effectisre sapdratien of ¥herbipges @P@hﬁlw stteched fothessadidem
or influent di s%.ri bution systens will be |ocated above the first one
at |ocations H5& 15\]78%'n 15 and 55% of the height of the reactor. 11.
Upf I ow react ar suit aplgeédhcdob@ing t0CREMm 6fwhéinelo 10, bivbdLieparatisr
15 conprises _a reactor tank having incorporated therein three phase
separ at ors f deflespdptasiarg R¥asentsol i d and 1iquid, which three phase
separ at or § arge presepl, LI 5&?1&%2%{) cRakt 1.9f wthgf 1§lat'hgff5§(f‘90t e veactor is
i nfluent distfibution neans Tor Pntroducing a TOW Of - Wast & water
into the reagéhiabducdl ther¢ihl themigldh shultbleteldnfineandidigbugonrsesiam. i n
the |l ower part of the reactor, effluent w thdrawal 20 nmeans for

wi t hdr awi ng &naer obi Eree$y aeeprding dpclaim %éb‘é‘?rﬁ%rb?taﬁ’deﬁﬁlﬁiogﬁ]a? mfluent
recycle with ; 1 wing a recycle flow fromthe
reactor, Megilﬂﬁﬁbﬁlgﬁgﬁgigféﬁgﬁ%\?e&gfégar ator, above the separation of

t he gas fromilbhe |i gBicdeghaserdingso tlditetlopdawbsereipithe firsl indhuieet
tilted internals.installed in the thre ase separat or, body., 25

19 Renct 09 nORTEI RGeS B oG ed e dhh oA ol e cion AR the dtber
posi tioned i fh@ReANAkGiRltiPsisers br idAuBRABEAL @569 5M B WHICh &1t fel
or 12, wherein a conditioning tank is present, provided with waste
wat er feed mehows theefixst lonefaddobatimandetwear b ahl\p53s al/ilteyhdighied the
connected w th %hp recycle w thdrawal means of the reactor, and 30
feed means t 6°3%¥d the recycle and waste water flow to the reactor.

11. Upflow reactor suitable for the process of claim 1-10, which reactor

15 comprises a reactor tank having incorporated therein three phase separators
for separating gas, solid and liquid, which three phase separators are present
in the upper part of the said reactor, influent distribution means for
introducing a flow of waste water into the reactor, said influent distribution
means heing present in the lower part of the reactor, effluent withdrawal

20 means for withdrawing anaerobic effluent from the separator and optionally
recycle withdrawal means for withdrawing a recycle flow from the reactor,
wherein the three phase separator, above the separation of the gas from the
liguid phase, has tilted plates, pipes or other tilted internals installed in the
three phase separator body.

25 12, Reactor according to claim 11, wherein the internals are positioned
in an angle of 50 to 70°. | '

13. Reactor according to claim-ll- or 12, wherein a conditioning tank is
present, provided with waste water feed means, recycle feed means, preferably
gravity based, connected with the recycle withdrawal means of the reactor, and

30 feed means to feed the recycle and waste water flow to the reactor.



16 14. Reactor according to claim11-13, wherein recycle wthdrawal
means are present for withdrawi ng recycle water, which neans are
separate fromthe effluent wthdrawal neans and which recycle

wi t hdrawal neans are designed to withdraw water fromthe three phase
separators or fromthe top of the 5 reactor outside the three phase
separators 15. Reactor according to claiyg 11-14, wherein nultiple-

bi ogas separation baffle plates are present at the entrance of the

t hree phase. separator. 16. Reactor according to claiml15,

wherein 2 to0140 bi oddmscsepmmcatdiog td olabef ¥1-23 pihtwesn aecycly wibdrawalipeans
React or according to gl ai, 1-16, wherein the.feed to the reac%o 1S

o il Liplo | SVRPreshRy e NEORASITPBAEREI Waiarombich means are srPaIRlo R e

to claiml7, sphenheiitrh®ad niéafnls%fatwﬂic%tﬁeh & @ B Sa€ e adls & 1B dRSRkd

at different levels in the reactor. 15 19. Three phase separato

;
sui t abl e fortauwithdrawiveatpr bwes theothrek ahasd sqprabmrs iodrare dbe 6P of the

claim11-18, Wn'%ch S8 argt %‘ conpri ses atmai n separator body, at
| east one® enfSAFYEIAGAES LPET REASSISEHA A Y ur e, singl e or

mul ti pl ebi ogas. separpddcet fabidify B alae®: 11014, SPR&eRh hNdiiPhs Hidgy® t he
m xture, tilted plates, pipes or other tilted internals installed in

the three phsgrarsdpabafity pladepomypreapienal thieensepweafitbe tareeti@sgas
fromthe liquid ase, and neans for w thdraw ng effluent and
optionally a?esp@rgeoéycl e water fromthe top of the three phase
separator. 18. Reactor according to claim 15, wherein 2 to 10 biogas separation

10 Dbaffle plates are present.
17. Reactor according to claim 11-16, wherein the feed to the reactor is a
multiple level influent distribution system.
18. Reactor according to claim 17, wherein 2 to 5 influent distribution
systems are present at different levels in the reactor. | |
15 19, Three phase separator, suitable for use in the process of claim 1-10,
or the reactor of claim 11-18, 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
20 body, above the separation of the gas from the liguid phase, and means for
withdrawing effluent and optionally also recycle water from the top of the

three phase separator.



