1 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

Appl i cation No. PCT/US2009/ 000689) and which clainms 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
entireti eWASTE ACTTVATETRSCEDGH EHDSEHARMES IAWENTAGNHSIORPF TREPAINGENt | on

rel ates generally t i el "wast e- | vat | " (WAS) stripping.
More particularly, lﬁﬁégﬁﬁéeﬁiﬂﬁﬁf&%ﬁ%@&@%ﬁpﬁ\gsﬁﬁﬁy bi odegr adabl e
carbon conmpounds (RBCs) to biological sludge to reduce downstream struvite

build-up in a digester and to groduce a usabl e struvite product therefrom
BACKGROUND OF THE | NVENTI ON REBAOTERSABBHICAFIGN S ondary sewage treat nent,

Permod” ¢ fOOPLET, IBPERRAUAL AP Hlchin 8 ond il B KU of Sl Sgen to
met abol i zgpplibstionmonbar@0WA83 63 8sk wathefjlidgodate g 2 February 2009 (derived from
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 secondary 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 microorganisms and sewage known as "mixed liquor.” This mixture is
moved to settling 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 settling 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 reno2ed fromthe activated sludge process
and sent to a sludge handling systemfor further treatnent and disposal. In
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[ 0004] Ref pooiang tm:f&'tigﬁrts Hgure N, dReodeypprdl schehen, 1 WAL VA&t sent to a

centrifuge (or other thickening apparatus) 14 for thickening, the |iquids
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[0005] Unf or Lunat ey, Stpuvi e Lends 19 {0 in L gesier, A8, and ot er
18 for dewatering.
{0005] Unfortunately, struvite 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 cén 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 inorganic 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 pi pes and equi pnment | eading fromthe
reactor. [0006] A further centrifuge (8r other dewatering apparatus) 18
produces further dewatered sludge 20, which is either beneficially reused
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combines very little with phosphorus or magnesium as these elements have been

greatly reduced in concenfration. Next the high-ammonia mixture is dewatered, to

produce an ammonia-rich liquid, which is combined with the phosphorus and

magnesium-rich liquid. In one preferred embodiment a useable struvite product is

harvested from this combination.

[0010] Additionally, the production of nuisance struvite in the anaerobic digester

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 1 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.



m xture of waste solids and m croorgani sns contai ni ng phosphorus and
magnesi um by first inducing the m xture m croorgani sns to rel ease
phosphorus and magnesi um which is then tapped off as the m xture is

t hi ckened, to produce phosphorus and magnesiumrich |iquid and phosphorus
and magnesi umreduced treated m xture4 This treated m xture is placed in an
anaer obi ¢ di gester where ammonia is fornmed but conmbines very little with

phosphor ugoes] nagmgﬁeumi@_% bIBES @li QAR . BR4BatRREEMBEAREY of GAMERI i n
concentration. Next the high-ammonia mxture is dewatered, to produce an
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reduced, in conparison with prior art waste treatnent nethods.
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minimum time of 0.5 hours. One method for effecting this release is by adding one or
more readily biodegradable carbon compounds (RBCs), such as one or more volatile
fatty acids (VFAs) to the siudge 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 phosphorus and magnesium.

[0017]  The resultant WAS is sent to a thickening device 114, such as a centrifuge,
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 # 6,3 8.7,264 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 ammeonia. The prdduction of struvite in digester 116,
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



[ 0015] Figure 2A is a bl ock diagram of yet another enbodi nent of a waste
treatnent system according to the present invention. DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS [ 0016] Referring to Figure 2, in a preferred
enbodi mrent of a waste activated sludge (WAS) treatnment nmethod 110,
phosphorus and magnesi um are rel eased5by m croorgani smaction in an
anaerobic reactor 112, where the WAS is held, for a mninumtine of 0.5
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magnesi umin the thickened WAS, h of which are necessary tor the
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although some variation is necessary to accommodate the larger flow 214 into the

thickener 216, as MLSS is typically three times as dilute as WAS. To handle the

dilute flow, thickener 216 may utilize gravity thickening that is optionaily 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 seen 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 sifu, ie. closed or contained,

production of usable struvite byproduct (e.g. marketable products such as regularly or

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



centrifuge, dewatering belt, screen, plate and franme presses, etc. with the
resul tant dewatered solids being beneficially reused or disposed. The
anmoni a-rich liquids 122, which are | ess able to nake struvite in the
associ at ed pi pes and equi pnent because of the reduced phosphorus and
magnesi um are sent to struvite react®r 124, where the abundant ammoni a
conbi nes with the phosphorus and magnesi um of the liquids 115 to form
struvi t estriAR24NdRRS @te.?lfﬂﬂn WPAB] GithGut3xtdihl dR@cedif Rigafed fesaeadi nent,
input to the system210 is in the formof mxed |iquor suspended solids
(M.SS) 2pmodughempoeesh t he anaerobic zone 212 of the aeration basin, in an
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Ei ther downstream fromdi gester 116 at the ryvite reactor (as described
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secondary clarifier 112b downstream from EBPR aeration basin 112a and the
VFA i nput from UFAT 224 into two distinct output streanms. A first
rel-atively phosphorus-rich and magnesiumrich (P- & My-Rich) |iquids stream
115 (or, preferably, pHadjusted liquids stream 115') is fed into struvite
reactor 124, as described above. A 77second rel atively phosphorus-reduced
and magnesi umreduced (P- & My-Poor) m xture 230 is fed into a digester 116
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amoni a-rich liquids stream 122 that is al'so fed to struvite reactor 124.
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I nternati.onal .Rublication [ 20 07 Al . 0 . f kSt
preferredssl?ier?g?‘?%e Oéll&quﬁé’?lﬂ}ehlev \{@Sp%)r%g{sﬁgg%iéerghb%hél enéﬁgﬂlpﬁg’od’il’ 1\I/Iersi on of
magnesi unaphfaind tiat afire baiput of kPestcica@td1 1 ean’ BS tich¢18g ak 8Howeeth the sance
struvite formation protects process equipnent and reduces qperatignal

costs. | rplantsadlvent steameiny Bdal, ey b thowalinels py mh substaniédly Tdowdden e

addi ti onag S%Hlo%horus, t hereby causing the systemto produce additional
struvite 2nd & waste streamwith | ess 8 phosphorus and anmmoni a to be
recycl ed §0624] t oFohehevastelivabms, the atrtvitoreactor tareakemny fordnm theat gedmitn,
phosphorus and nmagnesi um can he added to increase struvite produyction and
educe t HBC FRBINETGR Qi ATRSRIONS BIRL KABEFSIWE Wi dbrammontuth, o 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 one preferred embodiment prilled struvite is formed by a
method disclosed in International Publication Number WO 2005/077834 Al.

[0027] In a first 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



[ 0028] The above description is intended to provide an exanple of one nethod
and systemthat falls within the scope of the invention. Skilled persons
will recognize that other nethods and systens will also fall within the
scope of the invention. [0029]1It wi Il be understood that the present
invention is not limted to the netho@ or detail of construction,
fabrication, material, application or use described and illustrated herein.
| ndeed, %sﬁhﬂrﬁ@&l@aﬂﬁ&h@% BQr&E(clE@BEékCt@tﬂ'lé)ﬂastéﬁﬁer REntFOPeltEMhGR. 1S
contenpl ated as an alternative enbodinent, and thus is within the spirit
and scopenofddittea, phesphetiusand E@BeTium dag bt addéteto inereesedbmiviidatoduetionot her

enbodi nent s, of t resent. inventiopn that result from any changes in

appl | cat 1B 8P BREET S e B bdeR e TR at) on: et hod of

manuf act upe2sshad®e abb¥e deRFipfiBi & inddndedMid pRovadcCar 8kansFle off ohe dhethdcdhi n t he
detailed witten description or illustrations contained herein yet would be

under st oothdtsysismethgkialls adthimthetseongr af the inventianh Skilled @erserpwilbfecegivzer esent

i nvention, rdi wWhi et in ti been shown
and descrtlh%{eoag\é/gﬁ]r{’ﬁﬁ&gsf%ﬂg%c%mts \8@1[1 ﬁ@of@?‘e’vg %%ﬁggéc%gﬁf{rbgﬁ sn(t)i? 1§'t he invented
process ajp@28)yst émyili be Widetsthrr] MpPBE prsert dnvehaseissiolt likidd knthcheetiead  t hat

ot her changes in formand detail rmay be nade therein w thout departing from

the spiri® dpigilsefopensipction. fahtiestiono maieriaheppriication of Hise sselrddard ai ms. 9
CLAIM 1. at Y " L Ly st
m xture o@ué\%%%xgg%&%’ c@ggédggﬁ\fgﬁsﬁgengﬁﬂa%% [P%Flgénﬁg\/\%gl%" éé%lﬂw%kj gl?c,aﬁgf;l] wherein
sai d m cr cotgaplatedrs anaitainati phanpdtimuest, antthomdgneihinrthe spirit and scope of

the invention.

[0030] It is further intended that any other embodiments of the present invention
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 skilled 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 departing from the spirit and scope of the invention as

defined in the appended claims.



(b) renoving phosphorus and magnesi um from the m croorgani sns and
permtting said renoved phosphorus and magnesiumto dissolve in a liquid
portion of said first m xture, wherein said renoving step includes addi ng
readi | y bi odegradabl e carbon conpounds (RBCs) to said first m xture,
thereby to produce a treated m xture that includes di ssol ved magnesi um and
phosphorus; (c) fernmenting and thickening said treated m xture to produce a
phosphor us-ri chyame. magnesi umrich liquid that is separated froma
remai ni ng phosphorus-reduced and magnesi umreduced m xture; (d) further

anaerobic treatijng saj ‘ga@gggﬁﬂlgﬁfﬁb&%g,u&g&rgﬁ . magnesi um reduced m xture,

t hereby creating an ammoni a-ri ch,” phosphorus-reduced and magnesi umreduced
m xture; (e) déwatehucimg ashirst maxtmnefasolidls hnikrootrganesntscandrlophids Bommwasté a-ri ch

l'iquid; and (f) mxing said ammonia-rich |liquid with.sai osphorus-rich
and rmagnesi um ri CH$Y q%‘?‘ﬁ,wtl?fe‘&r fois} eméctr?‘lﬁ%qg?@.ls ZC.G?FF’éinEQF‘BE%mgf M aim 1,
wherein step (b) rﬁa?ngﬁﬁlfngrrred by holding said treated m xture in an
anaerobic reactor for a defined period of time. 3. The process of claiml,
wherein the RB@GY temsivinge phospoiuse afidhtmagnagiinas fiowFAky midroprgsngssc e8¢ of

claim11, wherein tehei RBCs . ncl udg ﬁo%H%ounds t hat a&ngtcgpséloq\r]etﬁdaﬁ r{ltig
vol atile fatty adi 8’%%%%@ rwvg iPg° 8?“88%%2%. 9 9

portion of said first mixture, wherein said removing step includes adding
readily biodegradable carbon corhpounds (RBCs) to said first mixture,
thereby to produce a treated mixture that includes dissolved magnesium
and phosphorus;

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

(d) further anaecrobic treating said phosphorus-reduced and magnesium-
reduced mixture, thereby creating an ammonia-rich, phosphorus-reduced
and magnesium-reduced mixture;

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

(f) mixing said ammonia-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 volatile fatty acids (VFASs) by said microorganisms.

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

sludge.



6. The process of claim1, wherein said first mxture is mxed |iquor
suspended solids. 7. The process of claim1l , wherein step (b) is
performed by passing said first mxture through an anaerobic zone, wherein
volatile fatty acids are present which cause phosphorus and magnesiumto be
expelled fromthe m croorganisns. 8.10rhe process of claim1, wherein step
(b) is perforned by retaining said first mxture in an anaerobi c reactor
for nore than 36 hours. 9. The process of claim1l, wherein said step of

m xi ng sai d magnesi um and phosphorus-rich liquid with said amonia-rich
liquid is performed in a struvite reactor and wherein -magnesiumis added to
said struvite réact ofhepressss phplaim tlhevhsrain seidditsbpixtare Wonxad diggebduct i on
of struvite. 10. The.prpe¢ess of claim1l1l, wherein said anmonia-rich liquid
is mxed with s%lfsaerb ggﬁﬁ(gsrus-ri ch and magnesiumrich liquid in a manner

t hat produces a usable struvite product. 11. The process of claiml,

wher ei n sai d phespholThs proeessad ¢lamal , g stepr(h) eslper fatmiet by passiny @itliced i n
step (c) is in the formof a sludge, and wherein step (d) is perforned with
sai d sl udge pr o8t daixiure dheaygh @n aracedigizens, yharda svolaie Tobherids ditige from

id waste t - ith © & I Sai d
: ?IepsW?Z) ? (L)eab{ég%ﬁ %gf,f%?gge, p%t%sah&jag ahf Qﬁfg?lésﬁltn & B BeelledNESi R S

microorganisms.

8. The process of claim 1, wherein step (b) is performed by retaining

said first mixture in an anaercbic reactor for more than 36 hours.

9. The process of claim 1, wherein said step of mixing said magnesium
and phosphorus-rich liquid with said ammonia-rich liquid is performed in a
struvite 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 ammonia-rich liquid is mixed
with said phosphorus-rich and magnesium-rich liquid in a manner that

produces a usable struvite product.

11. The process of claim 1, wherein said phosphorus-reduced and
magnesium-reduced mixture produced in step (¢} is in the form of a sludge,
and wherein step (d) is performed with said sludge produced in step (c)

mixed with at least one other sludge from said waste treatment process.

12.  The process of claim 1, wherein said steps (a), (b), (c), (d), (¢), and

(f) are performed in situ.



(f) are perforned in situ. 11 13. A struvite recovery system conpri sing:
a primary clarifier for producing a primary sludge and an organi c waste
stream from sewage; a fernenter for fernenting primary sludge in a

wast ewat er streamto produce fernmented sludge; a first thickener for

t hi ckening the fernented sludge, thellermenter and the first thickener

coll ectively producing readily biodegradabl e carbon conpounds (RBCs) from
the primary sludge in the wastewater stream an aeration basin for reacting
the RBCs from sajd fA sigliviteheed@nesysisnt doniprietith: | i quor suspended sol i ds
(M.SS), the aeration basin_output coupled with a secondary clarifier the
out put fr om wRiPEMars clagBetos prodpsing reimary eludgpnayd anmorgaris PRSISSUEHRBY at i vel v
coupled with firgg %Q\i”gé%ener and with the secondary clarifier to produce a
phosphorus-rich and “ragnési umrich stream and a separ at e phosphorus-reduced
and magnesi umarfeahsned fof feementing piigest dudgeparatasiehytecdepnetd prbdueet he
separator for dijtgestriﬁg‘g S@éd phosphorus-reduced and magnesi umr educed
stream with sai d°FB¢HehtEEES| udge; a dewaterer operatively coupled with the

di gester to pralqﬁbakctﬁic%{%g@&%iéﬁéﬁiﬁ HeGE ek

? dr@,g%%si um reduced but
ammoni a-rich sludge; and a struvite reactor configured to react the
anmoni a-ri ch shaidgenenter tdrel phesfindgr uisickdneh eritbchegpe pradueing ceslilyeam t o

produce struvite rhel LiIBon Smpnode RSy #dRdnIBNES) Yge in the
wastewater stream;

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

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

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

a dewaterer operatively coupled with the digester to 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 sifu 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.



14. The system of claim 13, wherein said struvite reactor is configured
further to react ex situ sourced phosphorous and magnesi umthereby to
further reduce ammoni a di scharge fromthe reactor. 15. The systemof claim
13 further conprising: a pH adjustnent station upstreamfromsaid struvite
reactor for adjusting the pH of the plosphorus-rich and nmagnesiumrich
stream 12 16. The systemof claim 13 further conprising: a pH adj ustnent
station in said struvite reactor for adjusting the pH of the contents of
the struvite reactor. 17. The systemof claim 13, wherein said fernenter
and said first thickener are integrated into a unified fernmenter and

t hi ckener ( UFATY6. uni The sysem qheaigy b1 Buther campgisingi3 whi ch further conpri ses:

2Pt e pr oauct PRI Gy 4 LRul Akt SEALIGHRe R bPLD 2 vobte

configured to foestédieobtheduitiee tcaétor.substantially regul arly shaped and
sized struvite pellets. 20. The systemof claim19 which is substantially

operationally contained and maintained in situ, the only input to which is
sewage and the bhly &g suetems pbslaim dps éfﬁ’éreﬁl? Satde YE‘FN@&&%‘H sAid fgrﬁtr uvite

pel lets. 21. Tm?cﬁﬂérta?@ln?égr&le@ihﬁb 2 A GEnf i BRA tHRATRE @FKT) unit.

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

struvite into substéntially regularly shaped and sized struvite pellets.

20. The system of claim 19 which is substantially operationally
contained and maintained in situ, the only input to which is sewage and the

only outputs from which are treated effluent and struvite pellets.

21, The system of claim 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

output before it is released back into 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 industrial chemicals is
added for stripping phosphorus and magnesium from the organic waste

water stream.,



a treatnment station downstream from said 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

di sinfecting the output before it is released back into a natural
environment. 22. The system of claini33, wherein no industrial chemcal is
added for stripping phosphorus and nagnesi um fromthe organi c waste water

stream = 23. They SyStTRENerk lofidBith313, WiRESGh Raid B gdter TREIEAds NAUSICE ifeH _
chem cals is added for stripping phosphorus and rmagnesium fromthe organic

wast e wat er st r mppiting1tBerefy theThleosphoruemeduped: biad mapBesiwheediicnd stitamdi gest er

i ncludes an inlet, for i.nput.ti thereto t.h hosphorus~reduced and

magnesi umr educ%rbd sol?eé%{ﬁ] Saé%daaﬂét? LY 188%‘5 U ﬁt gﬂ%{egogt g},puﬁﬁlgl ﬂ‘g’es an
inlet for inputphdaghdiieriehasd idpHssiwhGRharepiBgNesi umrich stream 25. The
system of claim 13, wherein said separator includes a centrifuge or the

| i ke configured to segarate t he phosphorus-rich and magnesiumrjch stream
from t he phosphdtus- Faeisisiam ghglairadAewhersinrselircparatar inglydes axentrifege syst em
of claim 13, wh j.Nssal d e rat ' naer.ohi £ ank
upstream from aﬁ%ﬁ{ggékr%a Q?I\f/%ﬁ{/éactguspf) %r%{a\c/;[\nh?ﬂﬁ%pggr(:ugﬁgﬁtaﬁ?crﬁ%@g%ﬁﬁgﬁc wherein
sai d second t hi stkaanefromshe phdspbottuededuoediamabiviagnesiven-pdosgixeaus-ri ch and
magnesi umrich stream 27. The system of claim 26, wherein said second

t hi ckener includes a_conponent. chosen from a group consisting of a settling
tank, a centrif@ge, g_ﬁ? %psé%ﬁ ﬁlﬂmbigﬂt‘f"g‘gﬁﬂ said ‘"’Bf?rg%}“éﬁ}dﬁaall 100t eens.

28. The system Qe st finubdireat SRl ThdSHethtiIENRALEPIRE WithCd 6% Rickemgponent
chosen froma group consisting of a settling tank, a centrifuge, a

t hi ckeni ng bel t andinwheein osaidrosesondt Htichegers cis eensfigurad. toTheoduest ¢ of cl ai m

13, wherein said, fi @St t hi gke er incl udeE &o onents chosen froma group
consi sting of aPBYSPRPIOHyTIFRARd MABRESHPTERSESAM: ¢t i ckeni ng belt, and one or
nore rotating screens. 30. In a wastewater treatnent process in which

phosphorus is repovedht kestedyof ¢lhign REPHOwRITERd GosI thickerier da¢lidg ©ne or
nore readily bi odegradabl e carbon conpounds (RBCs) .including conpounds
converti bl e i nt 60wRencst chaser fipH aerqup qoasiptingaed asetilivg sk, ¢ ecririfyges &

sidestreamto dﬂﬁa‘eﬁr{%&ﬁiwg%d%rr&%\f&l‘“ %&%&‘Qe wast e si destream of
m t '

i
phosphorus and rragnesi oun erern; a

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 more rotating screens.

29. The system 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 rotating screens.

30. In a wastewater treatment process in which phosphorus is removed
thereby, the improvement comprising:
adding one or more readily biodegradable carbon compounds (RBCs)
including compounds convertible info one or more volatile fatty acids
(VFAs) to a waste sidestream to dose stripping and removal from the
waste sidestream of phosphorus and magnesium found therein; and
reacting the stripped and removed phosphorus and magnesium with ammonia

to produce struvite.



reacting the stripped and renoved phosphorus and nagnesiumw th ammnia to
produce struvite. 14 31. The inprovenent of claim 30 further conprising:
formng the one or nore VFAs in situ with said adding and said reacting
steps. 32. The inprovenent of claim 31, wherein the one or nore VFAs react
with m croorganisns in the wastewaterldt hat contai n phosphorus and nagnesi um
to rel ease the phosphorus and magnesiumtherefrom 33. The inprovenent of

clai m 32, wheregin sajud lg@gié%dngomal%ﬁ)ﬂlmgﬁcdmprgn% or nmore VFAs for each
gram of pI anned phosphorus and_magnesi umto be stripped and renoved. 34.

The i npr ovenedernyng dleaingor mdre MWerin ér@znmthwlﬁ@dd@g.aml PHid reasBng$teRfsi t e i nto
a pelletized struvite product. 35. The inprovenment of cl al m 34 wher ei n

said prilling shep | ERRLLalRgy bR R4 bhihehd AEd) e 330 st no

and said form ng’ steps rovenment

conpri si ng: sepmﬂahmngxhganﬁhgnppﬁé amﬁmmanmvﬂﬁhp&m&mhqﬁm@phmmsnmgne5|un1to
formtwo separated streams including a first phosphorus-rich and

magnesi um rich mﬁ&jﬁﬁﬁ%@rrélﬁﬁ%eéhﬁp@sﬁh%ﬁEn‘b‘ﬁ'é%‘i?ﬁb%g‘ flted and

magnesi um r educed sl udge streamprior to said reacting of said first

phosphorus-ri chizand mﬂgﬁbwﬁﬁéﬂ Sf‘clln'n’ﬂﬂ'l %}&E&ﬁéﬂﬂ%&ﬁ 294138 ige-rich

liquid. 37. The inprove t of clalm 36, wherein sald separating step is
performed in sidng aximdre SEFAls ﬁd@adggrasaoﬂplatﬁmdtphngqhosmaﬂldfmgmmgl;n tand said
prilling steps.

be stripped and removed.
34.  The improvement of claim 32 further comprising:

prilling the struvite into a pelletized struvite product.

3s. The improvement of claim 34, wherein said prilling step is

performed in situ with said adding, said reacting, and said forming steps.

36.  The improvement 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-reduced and magnesium-reduced
sludge stream prior to said reacting of said first phosphorus-rich and

magnesium-rich liquid stream with said ammonia-rich liquid.

37. The improvement of claim 36, wherein said separating step is
petformed in situ with said adding, said reacting, said forming, and said

prilling steps.



