WASTE ACTI VATED SLUDGE PHOSPHORUS AND MAGNESI UM STRI PPI NG PROCESS AND
STRUVI TE PRODUCTI ON SYSTEM RELATED APPLI CATI ONS [ 0001] This application is a
di visional of and clains the benefit of Singapore application nunber
201003638-2 with filing date of 2 February 2009 (derived from PCT
Application No. PCT/US2009/000689) andlwhich clains the benefit of priority
to U.S. Non-Provisional application nunber 12/012,362 filed on 1 February
2008 and granted as U.S. patent nunber 7,604,740 on 20 COct ober 2009 and
entitled WASTE ACTI VATED SLUDGE STRI PPI NG TO REMOVE | NTERNAL PHOSPHORUS,
the contents of each of which are hereby incorporated herein in their
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rel ates generally to the fi wast e-acti vate

stri ppi ng. More partiRROEESY ANIME TRAUMAE RRODEBCAT@S SYGTEY ng readi |y

bi odegr adabl e carbon conpounds (RBCs) to biological sludge to reduce
downstream struvite build-up in a digester and to produce a usable struvite
product therefrom RELATED AANTHCRODEBSO- THE | NVENTI ON [ 0003] As
part of se&)% iiary ewage treatment, primary treated sewage |s treated with
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PCT Application No. PCT/US2009/000689) and which claims the benefit of priority
to U.S. Non-Provisional application number 12/012,362 filed on 1 February 2008 and
granted as U.S. patent number 7,604,740 on 20 October 2009 and entitled WASTE
ACTIVATED SLUDGE STRIPPING TO REMOVE INTERNAL PHOSPHORUS,

the contents of each of which are hereby incorporated herein in their entireties by this

reference.

FIELD OF THE INVENTION
[0002] The invention relates generally to the field of “waste-activated sludge”
(WAS) stripping.  More particularly, the invention relates to adding readily
biodegradable carbon compounds (RBCs) to biological sludge to reduce downstream

- struvite build-up in a digester and to produce a usable struvite product therefrom.

- BACKGROUND OF THE INVENTION
[0003) As part of lsecondary sewage treatment, primary treated sewage is treated
with air or pure oxygen. In what is termed the "activated sludge™ process,
microorganisms utilize the oxygen to metabolize the incoming waste sewage, forming
a mixture of micrborganjsms and sewage known as "mixed liquor.” This mixture is
moved to seftling tanks for concentration, thereby forming concentrated activated
sludge. A majority of this sludge is returned to the activated sludge process tankage.
A separate portion of this sludge, termed waste-activated sludge (WAS), is removed
from the activated sludge process and sent to a sludge handling system for further
treatment and disposal. In a stable system, the daily WAS is equal to the daily

conversion of sewage into microorganisms so no net increase in mixed liquor bio-



a mxture of mcroorgani sns and sewage known as "m xed liquor." This

m xture is noved to sealing tanks for concentration, thereby formng
concentrated activated sludge. A majority of this sludge is returned to the
activated sludge process tankage. A separate portion of this sludge, terned
wast e-acti vated sludge (WAS), is renoved fromthe activated sludge process
and sent to a sludge handling systemfor further treatnent and disposal. In
a stable systemqthe g3 h%nﬁﬁ%ﬁhg favalivhd L6 apﬂoXesﬁf’@}{Sépﬁb@E' My sewage
into mcroorgani sns s0°no net 1ncrease 1 n mxed | tfquor’ bio- MasSsS occurs.
By mani pul mapmgivhhercacihbval o shaitiged prrasess], coptosphd intheandedBgresi um ar e
renmoved fromthe |liquid stream and concentrated in the mxed |iquor. The
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the resultant thickened sludge is sent to an anaerobic digester 16 wth
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[ 0005] Unfortunately, struvite ormin gester 16, and ot her
equi pnment days or more before being sent to a second centrifuge (or other dewatering apparatus)

18 for dewatering.
[0005] Unfortunately, strﬁvite tends to form in digester 16, and other equipment
- downstream because of the ammonia, magnesium and phosphorus that are present can
precipitate as struvite. This struvite is impractical to harvest and also has the
deleterious effect of being deposited on surfaces in the reactor 16 and plugging pipes
and equipment leading from the reactor. _
[0006] A further centrifuge (or other dewatering apparatus) 18 produces further
dewatered sludge 20, which is either beneficially reused or disposed of, and liquids
22, which are rich in ammonia and phosphorus. It has been learned that prilled
struvite can be harvested from liquids 22, by a struvite reactor 24. This prilled struvite
is a marketable product'- that can be used as a timed release fertilizer, thereby
defraying some of the costs of sewage treatment. Unfortunately, the struvite harvest
requires the addition of magnesium into the process, which forms a large part of the
costs of the process and reduces the proﬁtability.
[0007] In A Feasible Approach of Integrating Phosphate Recovery as Struvite at
Waste Water Treatment Plants, Proceedings, Institute Of Environmental Engineering,
pp. 551-558 (2007), D. Montag, et al. describe a phosphate recovery system that
effectively teaches away from the addition of one or more volatile fatty acids (VFAs)
for phosphorous removal. They do so by teaching long retention times instead of the
addition of external organic or inqrgahic acids. In The Modified Renphosystem: A
High Biological Nutrient Removal System, Wat. Sci. Tech., Vol. 35, No. 10, pp. 137-
146 (1997), J. H. Rensink, et al. describe a so-called modified Renpho system. They
fail to teach the addition of VFAs as dosing agents to WAS, fail to teach magnesium



downst ream because of the ammoni a, magnesi um and phosphorus that are
present can precipitate as struvite. This struvite is inpractical to
harvest and al so has the del eterious effect of being deposited on surfaces
in the reactor 16 and pluggi ng prpes and equi pnment | eading fromthe
reactor. [O006] A further centrifuge (of other dewatering apparatus) 18
produces further dewatered sludge 20, which is either beneficially reused
or di spose nd. Li.quids 22, which.are rich.in ampnj n hgsphor us.
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to a struvite reactor for pelletized struvite production nor into a
phosphor us npgoesiundgchiignidsind mhpsphores and gesgaesiwameduoedatretitefesixure.t Bhis educe
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is greatly reduced, in comparison with prior art waste treatment methods.

[0011]  Systems and methods of practicing the present invention are shown in
Figures 2, 3, and 2A and are described in the accompanying text, which should help to

clarify the invention in its various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]  Figure ! is a block diagram of a prior art waste treatment system.
[0013] Figure 2 is a block diagram of a waste treatment system according to the

present invention.



[ 0010] Addi tionally, the production of nuisance struvite in the anaerobic
digester is greatly reduced, in conparison with prior art waste treatnent
nmet hods. [0011] Systens and net hods of practicing the present invention are
shown in Figures 2, 3, and 2A and are described in the acconpanying text,
“which should help to clarify the invengion in its various enbodi ments.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0012]Figure 1 is a block diagramof a

prior art \wg4e t r}qg}er?nej;tis ﬁ?’bé&&”ﬁia%%?ﬁ%% B IHERattve émﬂo&?}n%kofgé %%t%m of a

wast e treatnent sys ccording t e present I nvention. 014] Fi gure
3 is a bl otctatwesigysiematcadingltd thepatsentenembodi nrent of a waste treat nent
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treatment system according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Referring to Figure 2, in a preferred embodiment of a waste activated
sludge (WAS) treatment method 110, phosphorus and magnesium are released by
microorganism action in an anaerobic reactor 112, where the WAS is held, for a
minimum time of 0.5 hours. One method for effecting this release is by adding one or
more readily biodegradable carbon cofnpounds (RBCs), such as one or more volatile
fatty acids (VFAs) to the sludge in the anaerobic reactor, with 3 to 8 grams (and
preferably 4-6 grams) of the one or more VFAs added per gram of planned
phosphorus release. In another technique, the activated sludge is held for 36 to 96
hours, without the addition of VFAs, for endogenous respiration and fermentation to
release phosphqrus and magnesium.

[0017] The resultant WAS is sent to a thickening device 114, such as écentrifuge,
thickening belt or rotating screens and the resultant liquids 115, having enhanced
phosphorus and magnesium levels, are sent to a struvite reactor 124, which will be
discussed further below. There is only very minimal struvite production in the liquids
115, because they have a very low ammonia level. VFAS or other forms of RBCs can
be generated by fermentation as in the unified fermentation and thickening (UFAT)
process disclosed in U.S. Patent # 6,387,264 B1. Other methods of obtaining VFAs,
include various fermentation methods, harvesting from various waste products and
purchase as industrial chemicals, such as acetic acid.

[0018] | The thickened WAS with reduced phosphorus and magnesium levels is
sent to an anaerobic digester 116 with other sludges and is typically held there for a
minimum of fifteen days, where it further treated by anaerobic bacteria which
generate high concentrations of ammonia. The production of struvite in digester 11 6,
is however, greatly reduced in comparison with the amount of struvite produced in

digester 16 of the prior art system (which could be identical to digester 116) because



treatment system according to the present invention. DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS [0016] Referring to Figure 2, in a preferred
enbodi ment of a waste activated sludge (WAS) treatnent method 110,
phosphorus and magnesi um are rel eased by m croorgani smaction in an

anaer obi c reactor 112, where the WAS is held, for a mnimumtinme of 0.5
hours. One nethod for effecting this rel ease is by adding one or nore
readily bi r n r volatlle
fatty acids %ﬁ‘%‘sa?é(%rgmt Q@fb %ﬁe I n élggﬁﬁ@%‘gﬁg&%ggp‘gf GOtR it mg&

grams ( andatpméeemjofqr the forgatdrsgf mfuvitélahisnedmnomm%matdﬂngrfmly gr am of
pl anned phos hor s rel ease.. I n another technjq t he actlvated sl udge is

hel d f or  SBOPEFSORE HRIaGon g sHEHE (RR0SHEEN TR GHESSIE PRAGIDRF Gp &AUBEERbuS :
respirati ofyandreh S RN L HetdY %halgﬁﬁ"efll%se phosphorus and nmagnesi um [0017] The
t

resultant WAS is sent to a eni ng device 114, such as a centrifuge,
t hi ckeni ng[{G9dbi orThedlra]tedngludger dems digudtet [é6 rie sdehtatentd ligubydsse b5, a havi ng
enhanced phosxlp orus and, eS| um | elvel s, .are sent to a li'fruwt react or

124, whi ch®HiUUeHe ea\iaéf‘ewg {: SEiceheblats And frampneiesses o mih therigsyliant mal
struvite pﬂ&%l@ﬁeﬂ %Bllasnbélﬁg Heh%lgﬁf }&éed Q[eﬁég&@dt'bﬁey aﬁﬁl\éﬁla%cﬁeﬁ ihow

ammoni a | evel . VFAs or ot forns of be generated by fernentation
as in the UL fwhidh faes ﬂmmtabta onmakd stk énihegassadiaddd pme&(aaéSﬂqdlpHmlnbsed in
t hods, of obt ai nin ude

U S. Pat 3 26064 h
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pur chase aghifdis bbhRlanCARMOER! GmbiGhy@s th@%bé}ﬁloﬁfé' A&d hARdEIRNE thbi ckened
WAS with reducedkﬁphos phorus and magnesium | evel's is sent to an anaerobic

di gest er 1liguidg 4 b otfbwn Stsmm@ges and is typically held there for a m n| mum

gener at o nHUR0EondSirag 8 AeE o e R RO GRr s Tt doitPe T

di gester 1ifsterh 91OMRVEE forgd @ﬁﬁahgedrlﬂﬁféﬁmpmme@@mr(mym hakleh €raaount  of
struvite produced in di %gster 16 of the prior art system (which could be

i denti cal the #lagebicerons 249 o dhe aeration begtin, tihen cakhneed bielagicappbesphorvas and

magnesi um (k)"lf}mgs‘{l? @%}i@@?@%ﬁ% sfﬁgmﬁc&hg of ﬁle\‘fdﬁ'{ 31%1%%3%% 8 2 Finér gglrtw{i Q)? r educes

formation nin rmation grea

t he format ileracedtion badiv D1 & RiBQOsietaddédrottheadded asthe MI8Klingl pagaricBRRIUI prent
downst ream from anaer obi c _di gest er 116. [0019] The treated s|udge from
di gester 1%@@» dhestienye pRRping) Phoghotie apd BALREHER fou e, Eé@a%éé“mnhgt Bel t,

screen, iEroBdnhnamey S .Smlsehfffr hmé odeSSH GidNkro ega%gezsol i ds

bei ng bene icially reuse |spose : e n|a i'ch™¥ whi ch
are | ess ahlthough sonmkmrmtwmvé heceksury Imew&amdaﬁetﬁe mrlasﬂmctlecmuoptrment B

eactor 128oHEr o6 18 TAbaSdARP EHAOMTE BBrbIh LG eV ae ToruepliobEs  and
magnesi um Qfufehovh, ilik&Rr 338 hy TR0 Ghvil\hicRening that is optionally followed
by a belt or centrifuge or other thickening device. The anaerobic reactor 112 and
supplemental addition of RBCs, shown in Figure 2, can be eliminated.
[0021]  Figure 2A shows yet another embodiment of the invented system similar
to that of Figure 2 (and having identical reference designators for identical elements).
System 220 may be scen to include a mainstream flow 220a and a sidestream flow
220b, as illustrated, respectively above and below the dashed horizontal line. System
220 is referred to herein as providing for the in situ, ie. closed or contained,
production of usable struvite byproduct (e.g. marketable products such as regularly or

~ irregularly shaped and sized pellets or particles, non-marketable products such as



100201Referring to Figure 3, in a second preferred enbodi ment, input to the
system 210 is in the formof m xed |iquor suspended solids (I\/LSS) 214 taken
fromthe anaerobic zone 212 of the aeration basin, in an enhanced

bi ol ogi cal phosphorus renoval (EBPR) system The ngjority of the MSS
progresses to a further portion of thegaeration basin 218. RBCs are added
to the added to the MLSS in a standard EBPR system thereby causing
phosphor us i her than
Phi's dif1 of anne TRRARERIETELR, R MiRBaed kAR R0 e o OF ot on
I s necessapydhdicagpesuepndat e t he | arger row 214 into the thickener 216, as
M.SS is tymgimy three tines as dilute_as WAS., To, handl e the dilute flow,

t hi ckener y f’-\ﬁtwh '@fédr@%mosiypltnﬁawéwg% goriMAEd N RIERATE RBFFST £ | oned by
a belt or aer tor 112
and suppl erTgEﬁl %%JISJGH g?%@sﬁg%g%d\%n@m?% ﬁgjusr@%ft?‘@aﬁ’?’gg a|51ren§f$1at ed.

[ 0021] Fi gue@,uﬁaéem i]mx&ss/état anﬂmdeera ferhedemniot amaf a tHiekenav2a gt adc@nmnedn simlar

to that of u and havi ng i dentical reference designators for
i denti cal Eqr@%% f?%l Okg theh PACEDY OB ATIEETY ﬁﬁ%dﬁﬁle‘nﬁ’ WA ordan £ 1 ow
220a and agghdest H6HT fq*h%wcrﬁ@é)ﬂoma@wr hys dSPAPEBER \é@ﬂa oty and

%;]ﬁf%te
bel ow t he dashed horizontal [i1ne. System 5 referre erein as
provi di ng flb2a ahletoi a sepiarator/thickenar! kiéeidcludmg,ofmt akampgle, mmiaamblcomlamfse usabl e

struvite b ct (e.qg. ket abl e ,products such a or, .

irregul arl ijldp"%ﬁgg%an ﬂdg%qnggb %‘}elré‘tl B]éﬁ&‘f’?l&‘gégnmﬁ’&ﬁﬁgrg ‘éﬁ@“ﬁbr oduct s
such as  6rsukioWV14 6f BlpgURgLin ﬁﬁscalﬁelﬁa"t@@bﬁ‘}‘Bth%ttm% 111%351&%?1'1?\13 thiRUhe bei ng
required to realize the production process. [0022]As wi |l be understood,

primary sl fetgeofcorfiBRhecration hagi il h2ar sndod seorfdewr cl@ifierild2ipras dbstatdd tir ough an
UFAT 224 | acc%ggance with US Patent No. 6,387,264 or an equi val ent
process th des a fernenter 226 and a thlckener 228 or conbi ned

fermenter/ {4y Ic[] 0020k enerhet thadke@ $1864d Kl (BIOERSSerPITICNRE ¥heh i A9 Eiduid 9 AVFAS and
a thickened sludge. The VFAs from UFAT 224 are |nputted to an EBPR aeration

basi n 112aFiher @warétrg@pirm digester d ke abfhelstryvithedaoiar g, deboibedehppt By an

contri fuge TR 0 ANBe oD BCERoT s b PR o WEP AR RN FRET U2

enbodi ment lighids iveadjustedrtlyl OpH bHjustct akﬁ(sh@\hlemfdarslﬁedqa‘uﬂafe sERPR 1@615t&trian§i basi n

112a and a_secondary clarifier! 112b, as illustrated in Figure 2A

[ 0023] The t9fiatddmdds ypsigge lpgatmdn&t@dapfdng@s\tl@rre@ics 124} Elmﬁmf Pllingure 2A
Ei t her do t eaqt cri bed

above by re eﬁﬂ@eéﬂ %plﬁé%g depi upé‘?srne1 thgn{hea?ﬁf'%n(cﬁ%gg%% of the

P-rich andbMpre itiely J}eactwtlﬁts sirmlwdreasﬁoedlebwhalepd-lsﬁmiwtd:Sﬂ&Us dot ot hawihei n
dashed outline since it is optionally located in this upstream]| ocation

[ nst ead of UPHIGTYRIN DEARERY GRMEDAYS ProiEde NACRIEFIRCAK FOTCRRTAIDS of (F o
appr eci at e Al in GRSBOLAAGRUSHIIG HaBoP hdedul P! @ik 30 MladdaB |1 aul ds

before they reach the struvite reactor nevert Ss struvi oes not form

in the upstupgampiopdebgdausiusta affhgnoduces appHsdptsied prsplores-sictpeal

concentrati ons of thﬁ fluids in tlﬂg downstream struvite re

reduced. | PASAPLIMELT TEPHFOAREATY Wips@F SaniPRciR SU agt %3@4 s 5§r oduces
a pH-adj ustgeRROSIPRGRLRE 11 £ grcﬁ'ﬂﬁi:s Rgnes! 2‘20‘1{5}50%’%2!'{ thUs dRrSELeMedile. as an

input to struvite reactor 12 hus; upstream adj uster 117 provides a
system 220 anérstrhlgwomhad thag ulmrsestcmstlﬂetbp@ogy descahetl shavai tghtefewartd t han

the system d scrib abov ref er ence to Figure 2 wherein pH
ad ust ment HETRARG et Sanne T E ACRIE FGebh)

separator/t %Mﬂl}enefﬁ %ﬁra@&hﬁmkéhe?epﬂr ata Io%eﬁéfa‘ée'ﬂﬁ@UWAS qg&ﬁ figmondary
clarifier 112b downstream from EBPR aerati on ‘basin 112a and the VFA input

f rom UFAT 2gepnday clatifist dilgb idestnsisennp lroms EBBR resration iasig tl 12@ hid theeV A

h h Ri ch t 115
bt ot or abl y iR HERERATHE Gkl st sk ot e SR e act o
124, as degfuhi f€idmapRvi®m-Ach (P- & Mg-Rich) liquids stream 115 (or, preferably, pH-

adjusted liquids stream 1 15°) is fed into struvite reactor 124, as described above. A



7 second rel atively phosphorus-reduced and magnesi umreduced (P- & M- Poor)
mxture 230 is fed into a digester 116 foll owed by a dewaterer or

dewat ering centrifuge 118 to produce an amonia-rich |iquids stream 122
that is also fed to struvite reactor 124. Phosphorus-reduced (P-reduced)

bi osolids are produced as another bypreduct of the dewatering step. By
separating the WAS into two separate, differentially concentrated streans

conat ! n.hgENNRET, S TRRARAM AALIBUNGA B05AL 10 bR oL e

product i onmwithfi T80siy B §ifo £ Aededler Ud4 foSow@KILY Z edwalcRP2h] ddvaseingf sKil |
inthe art will appreciate that further downstreamtreatnment 232 within

mai nst r ean§gptes 4 1920 preduge Fa amweoniptrichhisyidsi wrepmeli2pibelatsi dsp feditotr at i on,

and disinf%}i. n, . hl@ri nation foll b e- chl orinati f the
out put of secétﬁollﬁé@mgpa‘gi fi Oﬁgﬁqﬂﬁre(dg%erge?ﬁg%gl\}ﬁﬂkE\)??Sgﬂése rﬁrﬂé)gi&{% ?She i nput
of EBPR aegaithedhypagid of HRadevatetirkon®. oy ydgmﬂng' theOFRSURRA WO Gepdiste,

si destream process 220b, as illutrated). Thus, the output of downstream
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t he mai nst t pnvent.ed pr . g e i).e | e and
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wi |l appreciate that other output of struvite reactor 124 can be recycled
as shown t PRk piThate phkillanthesart wihsnpsecitathaniytheiedavistigne tstimsat g
substanti a k! z " S&ﬁlﬁ : - | t he
struvite r%%%ygﬁnggﬁﬂstt%%@ppar@éé? t(%rgdr?na {t?%lgqte a[;ger %sfg&{ }Ll% Bgeg i ﬁ%it ?%%&%P "t he
phosphor usa@hdisilenesi (¢rg. vélildritatien afottonediby deechl@inatis)r of iteeputpucbfidi ng a

sinple settling tapk, where spontaneously precipitated stryvite would form
and set t I eeBROESBETEE 110 (AR EMTIEh s FitTasthi<bis BeRic 1eilh aggation
Cfertilizerp,@y ﬁzws&ﬁ@dﬂg\ghigms% teie e daenRadi prbiss pob! ¢

struvite is forned by a meth Isclosed in International Publication
Number WO #DBBAEF)7 SBisAlhe oufpdR Bf Howastfeamsiteaipnenf @32 escbuitable fertrefn &4 her t he

M.SS or the WAS enbodi rent the.di.versi on of nesium fr t he anaer obic
i gester  alich Hes PEoiP R PEn do L HaPSarBeoBpTU Y6 TP RAUTBFDAB1 ect s
process eqyydie fihilad b€ ML SsteRREN ALNMALue RS bivdubtNe 8. Sdietnd Brigkel r ed
vari ant, nagnesiumis added to capture additional phosphorus, thereby
causi ng t hé& by sidesirean puipeid dha dviented medcesstand isysterand hasaefskél alse walin wi t h -
| ess 8 phosphoru nd, a nia.to be recyc
or re-t rearmani S S Rgh e shto Bl AL

#

back to.the st e er plant
_ _ _ fetainesrat faRse ey Do
i ncrease shlaayiifRichl obiet 0 RviRR dndye B GieougheoP AP W NubShntMYORIRe S RIBL” back for
re-treatnent. [0028] The above description is intended to provide an exanple

of one net Rydem 220.

10026] For the embodiments, the struvite reactor can take any form that permits

the combination of the phosphorus and magnesium with the ammonium, to form
struvite, including a simple settling tank, where spontaneously precipitated struvite
would form and settle for reuse as a raw material, a usable product such as fertilizer,
or a waste product. In ~0nel preferred embodiment prilled struvite is formed by a
method disclosed in International Publication Number WO 2005/077834 Al.

[0027]  Inafirst preferred variant of either the MLSS or the WAS embodiment the
diversion of magnesium from the anaerobic digester and the resulting reduced
nuisance struvite formation protects process equipment and reduces operational costs.
In a second preferred variant, magnesium is added to capture additional phosphorus,

thereby causing the system to produce additional struvite and a waste stream with less



-and systemthat falls within the scope of the invention. ,Skilled persons
w Il recognize that other nethods and systens will also fall within the
scope of the invention. [0029]It wi Il be understood that the present
invention is not limted to the nethod or detail of construction,
fabrication, material, application or gise described and illustrated herein.
I ndeed, any suitable variation of fabrication, use, or applicationis

cont emp at 0 AR ahed SR (018 SRR AR n R S DAl P11

and scope inve at any ot her

enbodi nentis faflitiohephvspiarnd andlma@idsmm &a{maﬁe Al@aitot infregmnsanyitecradgeidni n
application or met hod of use or operation, configuration, nethod of

manuf act urasd reduep e asouat olammarieseribackyir HIe#BE ot speci f i ed within the

detail ed V\fﬂgﬁé]en ‘f”ﬁﬁ%ﬁ(}% dﬁe%cn@h n' Jslltft%&ﬁe%ttb 1&605.11% E%rﬁgg QFB %‘d woul d be

under st ood" by ‘one s e ar are ope o € present
i nvent i on. ar[d098ithABR TR Wihiy, thavedope of AR w&ﬁmﬁklll&ﬁepaﬁommﬁaecdgﬁm shown
and described with reference to the foregoin nmbodi nrents of the invented

‘process arfdatstherapgthads apgl pystasas wilhalpelsl Vt’lﬂ)“rt 6§@P§ RF thedreniot-he art t hat
ot her .Ch.anﬁﬁﬁ in Et%l@k%qgﬁgﬁ{o%ﬁ th e gseﬂ@q entngngseﬂo[?h tE@fUJt’he gﬁg‘fb iding fr om'

the spirit scope I'NVen Ined int e ap ai ns.
CLAI M ANENDI\/ENI& of ébmasdtmn; fetatcadon, paedds apploatipr iosing: de(;:a)be@randhm ng a
first mxture of solids, m.croorganjsns and ljiquid fromwaste water and

wher ei n sail@stied %?lﬁaﬂ%eﬁé %h%"éﬁahlewﬁétﬂﬂﬁ‘d}ftfébr&ﬁﬂorfré‘%%|aBI?HGa HoR b
removi ng p&gﬁé}ﬂ%{tﬂé a@&gaﬁ@ R&'é‘n‘fﬂofdfrﬁéﬁttﬁﬂg tHHSQf Qangant SiTE: ARdcRRy §F tting

said renove sphor us an nagnesi umto dissolve in a liquid portion of
said fi rstthmmteunm wherein said renoving step includes adding readily

e o DO S b B b S WATSRECY, 0,
that result from any changes in application or method of use or operation,
configuration, method of | manufacture, shape, size, or material, which are not
specified within the detailed written description or illustrations contained herein yet
would be understood by one skilléd in the art, are within the scope of the present
invention.

[0031]  Accordingly, while the present invention has been shown and described
with reference to the foregoing embodiments of the invented process and system, it
will be apparent to those skilled in the art that other changes in form and detail may
be made therein without départing from the spirit and scope of the invention as

defined in the appended claims.



(c) fernmenting an d thickening said treated m xture to produce a
phosphorus-rich and magnesiumrich liquid that is separated from a
remai ni ng phosphorus-reduced and magnesi umreduced m xture: (d) further
anaerobic treating said phosphorus-reduced and nagnesi umreduced m xt ure,
t hereby creating an annnnia-rich,_phos?horus-reduced and nmagnesi um reduced
m xture: (e) dewatering said ammonia-rich m xture to produce ammoni a-rich
liquid; and (0 m xing said ammonia-rich liquid with said phosphorus-rich
and magnesiumrich liquid, to produce struvite. 2. The process of claiml,
wherein step (b) is perforned by holding said treated m xture in an
anaerobic reactor for a defined period of tine. The process of claim1,
wherein the RBCs include volatile fatty acids (VEAs). 4. The process of
claiml, wherein the RBCs include conpounds that are converted into
volatile fatty acids (V17As) by i e olals isns. The process of claim
1. wherein said first mxture is§§é§P£A§%ﬁ?ba eg’sludge. 10 6. The

process of claim1, ionosaid o fir nxture is mxed |iquor suspended
i A WQ&& ﬁ!f‘a@rgﬁgipgﬁb%s, c&k@%ﬁn

solids. 7. The process o step (b) is performed by
passi ng sai d () pstuciripet lisemthiro ugivlidn naraggobitc pdheyid hereki vtdratid e
fatty acids are present which cause Bﬂﬂﬁﬁ&ﬂ&%?m%qg@NQQBES'u”]to be expel | ed

fromthe nicroof g(gﬁilng%i MICToTganisms con

(b) removing phosphorus and magnesium from the microorganisms and permitling said
removed phosphorus and magnesium fo dissolve in a liquid portion of said first
mixture, wherein said removing step includes adding readily biodegradable carbon
compounds (RBCs) fo said first mixture, thereby to produce a treated mixture that
includes dissolved magnesium and phosphorus;

(c) fermenting and thickening said treated mixture to produce & phosphorus-rich and
magnesium-rich liquid that is separated from a remaining phosphorus-reduced and
magnesium-reduced mixture;

(d} further anaerobic treating said phosphorus-reduced and magnesium-reduced mixture,
thereby creating an ammonia-rich, phosphorus-reduced and magnesium-reduced
mixture; ' ' | -

(e) dewatering said ammonia-tich mixture to produce ammonia-rich liquid; and

(f mixing said ammeonia-rich liquid with said phosphorus-rich and magnesium-rich

liquid, to produce struvite,

2. The process of claim 1, wherein step (b) is performed by holding said treated

mixture in an anaerobic reactor for a defined period of time.
3. The process of claim 1, wherein the RBCs include volatile fatty acids (VFAs).

4. The process of claim 1. wherein the RBCs include compounds that are

converted into volattle fatty acids (VFAs) by said microorganisms.

5. The process of claim 1. wherein said first mixture is waste activated sludge.



8. The process of claim1, wherein step (5) is perfornmed by retaining said
first mxture in an anaerobic reactor for nore than 36 hours. 9. The
process of claiml. wherein said step of m xing said nagnesi um and
phosphorus-rich liquid with said amonia-rich liquid is performed in a
struvite reactor and wherein nagnesiumis added to said struvite reactor or
any input thereto, thereby to increaseltbroduction of struvite. 10. The
-process of claim1. wherein said amonia-rich liquid is mxed with said
phosphorus-rich and magnesiumrich liquid in a manner that produces a
usabl e struvite product. I1.The process of claim1l, wherein said

phosphor us-reduced and magnesi um reduced m xture produced in step (c) is
in the formof a sludge, and wherein step (d) is perforned with said sludge
produced in step (c) mxed with at | east one other sludge fromsaid waste

treatment process. 12. The process.of. cl.aim 1. herein .sai : . A Db),
() (), (e, Band 1B wiEshal M '-d“%“r‘i‘“%is%‘%}”““%h‘ﬁklg.liﬁ’é’%ﬁi3‘@?‘?2’“%"?&%“;y
system conpri skslgls. a primary clarifier for producing a primary sludge and
an organic waste stream from sewage; fernmenter for fermenting prinmary

sl udge in a wastewater strean roduce. ferpen " €add Lﬁﬁtr-t
t hi ckener for ?hickgﬁiﬂﬁc?ﬁé’f&@ﬁ@nfﬂl“@]ﬂgbgslgggkﬁkapg}p“ n£51 s
mixture through an anaerobic zone, wherein volatile fatty acids are present which cause

phosphorus and magnesium to be expelled from the microorganisms.

§. - The process of claim 1, wherein step (b) is performed by retaining said first

mixture in ab anaerabic reactor for more than 36 hours,

9. The process of claim ]. wherein said step of mixing said magnesium and
phosphorus-rich liquid with said ammonia-rich liquid is performed in a struviie reactor
and wherein magnesium is added to said struvite reactor or any input thereto, thereby to

increase production of struvite.

10.  The process of claim 1, wherein said ammoma-rich liquid is mixed with said
phosphorus-rich and magnesium-rich liguid in a manner that produces a usable struvite

product.

I The process of claim 1, whercin said phosphorus-reduced and magnesiun-
reduced mixture produced in step (¢) is in the form of a studge, and wherein step (d) is
performed with said studge produced in step (c¢) mixed with at feast one other siudge

from said waste treatment process.

12. The process of c¢laim 1, wherein said steps (a). (b), (¢), (d), (¢), and (f} are

performed in sifu.



the fernenter and the first thickener collectively producing readily

bi odegr adabl e carbon conpounds (RBC.s) fromthe primary sludge in the

wast ewat er stream an aeration basin for reacting the RBC:s fromsaid first
- thickener with mixed liquor suspended solids (M.SS), the aeration basin

out put coupled with a secondary.clarifjer the output fromwhich is

wast e- acti vated sl udge (VAS); a separdpor operatively coupled with first

t hi ckener and with the secondary clarifier to produce a phosphorus-rich and
magnesi umrich stream and a separate phosphorus-red uced and
magnesi um reduced stream a digester operatively coupled with the separator
for digesting said phosphorus-reduced and magnesi umreduced streamw th
said fernented sludge; a dewaterer operatively coupled with the digester to
produce phosphorus-reduced and nmagnesi umreduced but amroni a-rich sl udge;
and a struvite reactor configured to react the ammoni a-rich sludge and the

phosphorus-ricﬂganqAq&g@gg&g&;qh&@wﬁ%agﬁghto produce struvite rich in
anmoni a, phosphorus, "and nagnesi-um WA rhe system of claim 13, wherein
sai d struvit ea pemetyorlarifier danfrodusivgdh primtilshudgoandeacorgexc shttu stsour teoh
phosphor ous andf%%gnesiun1thereby to further reduce ammoni a di scharge from

the reactor. “ The systemof claim 13 further conprising: a pH

adj ust ment st afdroenteirsi fe@adhtihg @rimeai thdgs i vise waeaetan tb @rodad fastdnngl t he pH
of the phosphoqu-r[ch and magnesi.umrich stream 12 16. The system of
claim 13 furthef"8&iprising: a pH adj ustnment station in said struvite
reactor for agjikssthichehet Re tRHcBhg iR RAeRbd0f the struvite reactor.

the fermenter and the first thickener collectively producing readily biodegradable carbon
compounds (RBCs) from the primary shudge in the wastewater stream.

an aeration basin for reacting the RBCs from said first thickener with mixed lguor
suspended solids (MLSS), the aeration basin output coupled with a secondary clarifier
the output from which 1s waste-activated sludge (WAS);

a separator'opemtively coupled with first thickener and with the secondary clarifier to
produce a phosphorus-rich and magnesium-rich stream and a separate phosphorus-
reduced and magnesivm-reduced stream;

a digester operatively coupled with the separator for digesting said phosphorus-reduced
and magnesium-reduced stream with said fermented sludge;

a dewaterer operatively coupled with the digester 1o produce phosphorus-reduced and
magnesium-reduced but ammonia-rich sludge; and

a struvite reactor configured to react the ammonia-rich sludge and the phosphorus-rich
and magnesium-rich stream to produce struvite rich in  ammonia, phosphorus, and

magnesium,

14. The system of claim 13, wherein said struvite reactor is configured further to
react ex sity sourced phosphorous and magnesium thereby to further reduce ammonia

discharge from the reactor.

15, The system of claim 13 further comprising:
a pH adjustment station upstream from said struvite reactor for adjusting the pH of the

phosphorus-rich and magnesium-rich stream.



17. The systemof claim 13. wherein said fernenter and said first thickener
are integrated into a unified fernenter and thickener (UFAT) unit. 18. The
system of claim 13 which further conprises: priller downstream from said
"struvite reactor configured to forma usable struvite product. 19. The
system of claim 18, wherein the priller is configured to formthe strovite.
into substantially regularly shaped and sized struvite pellets. 20. The
system of claim 19 which is substantially operationally contained and

mai ntained in situ, the only input to which is sewage and the only outputs
fromwhich are treated effluent and struvite pellets. 21. The system of
claim20 which further conprises: a treatnent station downstreamfromsaid
aeration basin and said secondary clarifier for treating output therefrom
said station performng one or nore of the steps of renoving inorganic
pollutants, filtering, and disinfecting the output before it is released
back into a natural environnment. 22. The system of claim 13, wherein no

i ndustrial chem cal is added for stripping phosphorus and magnesi um from

t he organic wast e ter stream 3 .
9 6t %e system of c?alm 13 ]furthe-r comprising:
a pH adjustment station in said struvite reactor for adjusting the pH of the contents of the

struvite reactor.

17.  The system of claim I3. wherein said fermenter and said first thickener are

integrated into a unified fermenter and thickener (UFAT) untt.

18  The system of claim 13 which further comprises:
a priller downstream from said struvite reactor configured to form a usable struvite

product.

19, The system of claim 18, wherein the priller is configured to form the strovite

into substantially regularly shaped and sized struvite pellets.

20.  The sysiem of claim 19 which is substantially operationally contained and
maintained fn siu, the only input to which is sewage and the only outputs from which

are treated effluent and struvite pellets.

21, The system of ¢laim 20 which further comprises:
a treatment station downstream from said aeration basin and said secondary clarifier for
treating output therefrom, said station performing one or more of the steps of
removing inorganic pollutants, filtering, and disinfecting the oufput before it is

released back inio a natural environment,

22.  The system of claim 13, wherein no industrial chemical is added for stripping

phosphorus and magnesium from the organic waste water stream.

23.  The system of claim 13. wherein one or more indusirial chemicals is added for

stripping phosphorus and magnesium from the organic waste water stream.



24. The systemof claim 13, wherein said digester includes an inlet for
inputting thereto the phosphorus-reduced and magnesi umreduced stream and
wherein said struvite reactor includes an inlet for inputting the
phosphorus-rich and magnesiumrich stream 25. The system of claim 13,
wherein said separator includes a centyjfuge or the Iike configured to
separate the phosphorus-rich and magnesiumrich streamfromthe

- phosphorus-reduced and magnesi umreduced stream 26. The system of claim
13, wherein said separator includes an anaerobic rel ease tank, upstream
from and operatively coupled with a second thickener, and wherein said
second thickener is configured to produce the phosphorous-rich and

magnesi umrich stream 27. The system of claim 26, wherein said second

t hi ckener includes a conponent chosen froma group consisting of a sealing
tank, a centrifuge, a thickening belt, and one or nore rotating screens.
28. The syst embf 6mawmﬂm3<ﬂWMEndﬁn“éaﬁm‘ﬂ@VWﬁF@r@ﬂumﬁdmuﬂbbkmlmuﬁwnment
chosen froma gr P4 GO t g f

t hi ckeni ng belﬁfgﬂwéﬁ ﬁ§wﬁ?hﬁge§%?ﬁf f %ﬁ%g?e%phwdQg&ﬁgﬁghéwgﬁgﬂﬁg% claim
13, wherei n saitdwvité reattot intlok@nernnleniot ingesncbaponpints-chesémagregmmarigr oup
consi sting of 8. settllng tank, a centrifuge, a thickening belt, and one or
nore rotating Stfens. 14 30. A Wastewater treatment process in which
phosphorus is renoved . the-process conprising: adding one-nore -readily
bi odegr adabl e @érbdﬁme@ﬂpﬂuﬁdhm(RB@@pghnﬂwuﬂngmdmﬁwbamd@mdbgvmﬁh¢bhe into
one or nore vol atil e fatt Ci VFAs to ste t-o d
stripping and retf va ’Pﬁ gmaé?é) ég?fgiﬁ?%?@” ‘”ai8§%§1£ﬁ’ ﬁ%fne5|um
found therein; plaﬂdhm us-r cduued and magnesium- 1eduwd stream.

26, The system of claim 13, wherein said separator includes an anaerobic release
tank. upstream from and operatively coupled with a second thickener, and wherein said
second thickener is configured to produce the phosphorous-rich and magnesium-rich

streant.

27, The system of claim 26, wherein said second thickener includes a component
chosen from a group consisting of a settling tank, a cenirifuge. a thickening belf. and

one or more rotaling screens.

28.  The system of claim 13, wherein said dewaterer includes a component chosen
from a group consisting of a settling tank, a centrifuge, a thickening belt. and one or

mare rotating screens.

29, The systeni of claim 13, wherein said first thickener includes components
chosen from a group consisting of a settling tank, a centrifuge, a thickening belt, and

one or more 1‘01'ai‘ing sgreens.



reacting the stripped and renoved phosphorus and magnesiumw th ammonia to
produce struvite. 31. The-wastewater treatnent process of claim 30,
-further conprising: formng the one or nore VFAs in sill( with said addlng
~and said reacting steps. 32. Thewastewater treatnent _process of claim 31, '
wherein the one or nmore VFAs react wth n1croorgan|sns in the wasteWater

t hat contain phosphorus and magnesiumto rel ease the phosphorus and
magnesi um t herefrom 33. Thewastewater treatnent process of claim.32,
wherein said adding is of 3-8 grans of one or nore VFAs for each gram(ﬁ

pl anned phosphorus ‘and magnesiumto be stripped and renoved. 34.-

Thewast ewat er treatnent process of claim 32, further conprising: : prilling
the sth6vite into a Pelletized struvite product. 35. The-wastewater
treatment process of claim34, wherein said mlling step is perforned in
situ with said@addi ng, visathtereaatamg proa irs ahath fpbrsphang strepsed 15

the . process comprising:
adding one or more readily biodegradable carbon compounds (RBCs) including
compounds convertible ibto one or more velatile fatty acids (VFAs) fo a waste
sidestream to dose stripping and removal from the waste sidestream of phosphorus

and magnesium Tound therein; and
reacting the stripped and removed phosphorus and magnesium with ammonia to produce

struviie,

31 The wastewaler treativent process of claim 30, further comprising:

forming the one or more VIEAs in sity with said adding and said reacting steps.

32. The ' wastewater treatment process of claim 31, whetein the one or
more VFAs react with microorganisms in the wastewater that contain phosphorus and

magnesium to release the phosphorus and magnesium therefrom.

33, The wastewater treatment process of claim 32, wherein said
adding is of 3-8 grams of one or more VFAs for cach gram of planned phosphorus and

* magnesium to be stripped and removed.

34.  The wastewater treatment process of claim 32, further comprising:

' prilling the sttivite into a j)eilctized struvite product,

35.  The _ wastewater treatment process of claim 34, wherein said

prilling step is performed in sitw with said adding, said reacting, and said forming steps.



36. Thewastewater treatnment process O claim35, further conprising: .
separating the stripped and renoved phosphorus and magnesiumto formtwo
separated streans including a first phosphorus.-rich and-magnesi umrich
liquid streamand a second phosphorus-reduced and magnesi umreduced sl udge
streamprior to said reacting of Saidifirst phosphorus-rich and
magnesiumrich liquid streamw th said amonia-rich liquid. 37.
The. wast ewat er treatnment _process of claim 36, wherein said separating step
is perforned in situ with said adding, said reacting, said formng, and
said prilling steps.

36.  The wastewater treatment process of claim 35, further comprising:
“separating the stripped and removed phosphorus and magnesium to form two separated
streams including a first phosphorus-rich and magnesium-rich liquid stream and a
second phosphorus-rediced and magnesium-reduced sludge stream prior to said
reacting of said first phosphorus-rich and magnesium-tich liquid stream with said

ammonia-rich liquid.

37. . The waslewater ircatment process of claim 36, wherein said
separating step is performed in situ with said adding, sajd reacting, said forming, and

sajd prilling steps.



