WO 2011/ 005883PCT/ US2010/ 041245 1 Wastewater Sl udge Processing System
GOVERNMVENT | NTEREST STATEMENT [ 0001] None BACKGROUND OF THE | NVENTI ON 1.

Fi el d of woventiosss3(0002] The i nvention rel ates general | yCr@saoipneress for
the treatnment of wastewater sludge into desirable products with no
undesirable waste | eft over. Mre specially the process relates to drying
the sludge, and separating the sludge into oil, water, and

cellul ose/m nerals by the use of chem cal and physical reactions,. 2.

Description f the Backgroynd 10003].Se is. . created by residences,
institutions, hospitals a&g*“é8}%§g§"]§§é’\|é%§ﬁ%faﬁﬁﬁﬁ‘§‘ﬁr“ YHUt abl i shnents. Raw
i nfl uent (sewage) includes household waste liquid fromtoilets, baths,
showers, kitchens, sinks, and so forth that is disposed of via sewers. In
many areas, %ﬁ%ﬁ%@%%i%@ﬁgﬁsﬂ& ENMaste from i ndustry and commer ce.
Muni ci palggm?ﬂt ewatgk therefore includes residential, comercial, and
industrial liquid waste di scharges, and may include storm water runoff,
(00041 ConveRABHaROS BV GE THEANVMENTION ol ves three stages, called prinmary,

secondary andeterfiary treatnent. First, the solids are separated fromthe
SRS B

wast ewat er str di ssol ved bi ol ogical matter is progressively

convert edGinEo athsliihenies saibpsusinagaiivndizgenosss fondtieteotane of

m cro-organi sns. Fi ngl I,&/, _the b.ii%ogi%@l solids are neutrali z‘eg t hen

di sposed of “GE'GRRIGLEEICARE FREMATR BIUY RS PRAPOBETRIR PREEPEF Eheni cal | y
or physi cal hirésaboi@KAMY Bobysd AEAGHT Athdhe Riddel bAk sapyralihg vid nal
effluent can be discharged into a stream river, bay, |agoon or wetland, or
it can be uskdgpsrioriewnkr gl celhdase/mingotils by de vee ohtlemicabgrcbphypdeal. | f
it is suffi féa%%kg clean, it can also be used for groundwater recharge or

agricul tural “purposes. [00051The sl udges accunul ated in a wastewater
treat nent pgeolRessiptstofies Baekdredndind di sposed of in a safe and effective

e HRORE" D585pGh b LBBIL Rl Roh T BRubt sRIPLRL o BiBRE ™
and industrial establishments. Raw wifluent {sewage ) ncludes housshold wasts
liguid from toilets, baths, showers, kitchens, sinks, and so forth that is dispossd
of via sewars, In Many areas, sewage also includes quid waste from ndustry
and commerce. Municipal wastewater therefore includes residential, commaeraial,
and industrial iquid waste discharges, and may include storm water runoff,

{0004  Conventional sewage freatment involves three stages, called primary,
secondary and tertiary treatment. First, the solids are separated from the
wastewater stream. Then dissolved biological matter is progressively converted
o a salid mass by using indigenous, water-borne micra-organisms. Finally, the
hinlogical solids are neulralized then disposed of or re-used, and the treated
water may be disinfected chamipally or physically flor example by lagoons and
microfitration}. The final efffuant can de discharged into & stream, niver, bay,
fagoon or wetland, or ¥ oan be used for the irrigation of g golf course, groen way
or park. it is sufficiently clean, it van also be used for groundwater recharge or
agricultural purposes.

fO005]  The sludges accumulatsd in & wastewatsr realment process must be
freated and disposed of in a safe and effective manner. The purpose of digestion

is to reduce the amount of arganic matter and the number of disease-causing



2 m croorgani sns present in the solids. The nost conmon treatnment options
i ncl ude anaerobi ¢ di gestion, aerobic digestion, and conposting,

[ 0006] Chowoeonfoosssdast ewat er solid treat nent net hod depeaaaSenowhe4nnount
of solids generated and other site-specific conditions. However, in
general , conposting is nost often applied to smaller-scale applications
foll owed by aerobic digestion and then |astly anaerobic digestion for the
| ar ger-scal e nuni ci pal applications [0007] SUNNARY OF THE | NVENTI ON

[0008] I't has“nog}v heen éo@réd“E ! }? g% v,@t oS nﬁﬁ c% ﬁs essed

economi cal | y %ry HFYLE" BF=5E ﬁ‘g‘ Blﬁg fet' SEPY At et 'ﬁ 'BYS as a fuel
for one or mmé@f%@r@@s%ﬁgﬁﬁ&ab%érbﬁzcﬂﬁm&&azkd chapodttint her been found

t hat wast ewat er E\‘PUd ge .can be processed such that at the end of the process

of the prigSeht i hPRIFEIAR WaFPWRIRS SRR FERITRIL SReiEPY Jependeen fin BFeus
m ner al s- haygyd a@ﬁi@%%ﬁd@ihm%»ﬁé’&&ﬁ%@wn& Pé@w%r‘ I %ér%éﬁ‘er been

found that vvaste’ ter e can be processed such ere i s nothing
left to be cacpaslng @dmssiané’@ﬂlaﬂpéﬁgi icorsm@ti&rema%émdmij@&%&i ofedigki ng t he

atcor dance AP SN CRRBT REHER g Aot i etoB R ol fr b e EE 2 hod o
processi ng wastaystepisiitdge i s provide such that at the end of the process

of oil, cellulose, and m nerals have been captured and there is
substantially nothing left to be incinerated, landfilled, or otherw se

di sposed @hy7 0108 maAREandanae R TanQt her embodi ment of the inventi on, a
process provide which conprises the steps of a- transferring solid

wast ewat er sl udge from a treat ment plant to a wet sludge holding bin, said

wast ewat gli gg\én}“a 98 h%s R ﬁé fmx 18 r‘?ﬁ%@ﬁ%‘%@& %g% ‘%8\;38‘]'&99%5% ght, b-

drying s er sfu
2011/ 005883 Eﬁ&cﬁ&dﬁﬁ@&;@b@%ﬁs&&m«g@ mddn@%ﬁé’z%@ﬁdxmt pedoess sk udge! &n

transferring _the e ithin the
i xor T eact BPE 0 RIKHE TEREMGFIDS 1§ Guace Rt Ban e reshveiid R heat i ng to
produce vi Sﬁ%g%x@ﬁéfpﬁ@%@@a@ba@@i&@eéﬁ %Qﬁﬁ ttﬁft a6 eld ehpsenanfofBRaliahs i n
suspensi on, d- separatin i qui ds and_solid

presant invantion, aff tbe z.:sefu mataniais—ail, t,eiiuifma and minerals—have

been captured, Most important, it has still further baen found that wastewster

sludge can be processed such that there is nothing {eft 1o be incinarated,

fandfified, or otherwise disposed of, making the system of the present invention a

fruly zero-waste process.

{00081 In accordance with an embaodiment of the invention, a zero-waste method
of processing wastewsater sludge s provide such that al the end of the process of
oif, cellulose, and minerals have bean capturad and there is subsiantially nothing
el to be inainerated, andfifled, or otherwise disposed of.

{00010]  In accordance with another ambodimant of tha invention, & process is
provide which comprises the steps of;

a- transferring solid wastewater sludge from a treatment plant 1o g wet
studge holding bin, saud wastewater sludge containing from about 20 to 45%
salids by waight,

b~ drying sawd wastewster sludge to about 80% solids,



e- heating the separated liquids to the boiling point of the solvent and

the boiling point of the residual water prior and coll ecting evaporated

sol vent aw020agiosssal water, f- transferring sol vent-freeTaiskomwosr4hol di ng

tank, g- condensing evaporated sol vedt and residual water and separating

water fromsolvent: and h- transferring separated solvent and residual

wat ert hect of step (c), [00 0111 In accordance with a further enbodi nent of

the invention the step of separating liquids and solids is perforned in a

filter press nd ., furth npr.l s t he te of :..collectin

cel | ul ove. noHBRAE e Sh wep ROt e Rqe fo LpRERadly oMbl suggp o =

cel | ul ose- nnﬂﬁ@a@gﬂhxture and renovi ng and coIIecting sol vent Kk-reusing

coll ected solvent in the process at step transferrlng dried
r

cel | ul ose/ nPner aMtHibE FEXeTD RCion PHYES f%‘-‘hﬁ“%é ﬁ?%‘”@k?é“%‘ﬁ"ﬁ? BSERE aPtr nace
in at |east h@ﬁ@‘}%fﬁ: %F&Rﬁ&(\?@mﬁg%sﬁ%s&?% hs[cQQQéJf%lmi» Br ?%EMW Wi th

anot her enbodi f the invention the oil” fromstep I'sS approximtely
80% fatty aﬁﬁsefai%ﬂaﬂﬁﬁQWWtel y 65 weight % Cl6 and C 18, and is

subst anti al (L%,y Ir &}é?l‘; 33%!%#{% ‘?8@ In accordance with still another

enbodi nent ven S extracts about 18% oil by weight from
undi gest ed gl udghaaird; §hé%e@e¥at@@ ;w@sm Herairdy st efdhs lsudegat and\Be

2011/ 005883 CT/ Us2010/ §41245 4 [v In ac ordance wi t h anot her

embodi ment  SPHRREOIMN PEHYS ERUREY @%eéé’” f agdpa *i‘ﬁ&“ﬁ?ﬁ@f"d%s KO ds
produces a tddidikatugonprising extracted oil, residual solvent, and traces
of water. 00015] BRI EF DESCRI PTI ON OF THE DRAW NGS 00016] FI G 1lis part 1
of the procéss firavslaingrsaiverTdeel oM ieidpgitanlbart 2 of the process flow

di agram G- condensing evaporated solvent and residual waler and separating water
from solvent, and
h- sransferring separated solvent and rasidual water 1o the mixer reaclor of

step {C}

{00011] I accordance with & further embodiment of the invention the step of
separating lguids and solids is performed in a filter gress, and further comprises
the steps of;

i coflecting cellulose-mineral mixture from said filler press

IS drying sawd celiulose-mineral mixture and removing and collecing sotvent
K- reusing collected solvent in the process at step {¢}, and

- transferring dried celiudose/mineral mixlure o a fumace and using the heat
from the furmace in ol least one of steps O, & and {8}

{00012 In avcordance with another embadiment of the nvention the ol from step
{f} is approximately 80% fatly acids, i approximately 85 weight % C18 and C18,
and is substantially free of sulfur.

[QOD13]  In accordance with stilt another smbodiment of the invention the process
aextracts about 18% oil by weight from undigested sludge and 119 il by weight

fram digested shudge.



[00018] FIG 3 is part 3 of the process flow diagram DETAILED DESCRI PTI ON
1000191 it is advantageous to define certain terns before describing the

i nventi orwoOlzb11gl06888d be appreci ated that the fol |l owi ng @#efTiuseaionn4itire used
t hroughout this application. Definitiéns [00020] the term "wastewater

sl udge" and 'sludge" neans sludge accunul ated in a wastewater treatnent
process [00021] The term "sol vent' neans a substance capabl e of dissolving
anot her substance. [00022] The term"filtrate" neans a liquid or gas that

has been f.i)tere 00023] The term "scr w f eeder”. neans. @ screy f eeder
Stich s 0081 el pte Rty WEERTNE} oFPRiaT B Hee Bl Badie pani o o

. Met eri ng nMagpsradhy iifuigs BROGUREE SIRUREOS 8F&rath A0RALInTheveram Sif, Fédigialpr ess”
means a nmachine using filtering cloths and 'plates to separate solids and
li qui ds. [ 06BYSTE. PRE 1BSER BREUi esel feedstock” means organic material used

in the production of biofuels. [00026] The ternms "about" and

"approxi matel y" means a deviation of no greater than 6% from an absol ute
val ue, \IBORYII1/ BEHEB SRCKIRISIAODO) OF 1245 DRAWBO2%E] The term "substantial | y"
means plus or mnus 10% [00028] The term "hol di ng tank” means any piece of
equi pnent that is used' to store product, [00029] The term "%, unless

ot herw segaspes) f Fadl, 1 seker sot bepetcent Sdoydwgtght .

[DO0171  FIG 2 s part 2 of the process flow diagram.
[00018]  FIG 3 is part 3 of the process fow diggram.

DETALED DESCRIPTION

000191 His advaniagsous o define cerlain tarms hefore describing the invention,
i should be apprecisted that the following definitions are ussed throughout this
application,

Definitions

[00020]  The term “wastewater sludge” and “sludge” means shudge accumulated in
a wastewater reatment process.

[00021]  The term “solvent” means a substance capabie of dissolving another
subsiance.

000221  The term "Hlirate” means a hguud or gas that has been filtered.

{00023 The term “sorew feader” maans a scraw feeder such ag a volumetiic
sorew feader or gravimeing sorew feeder, capable of matering materiat na
producon process.

{00024]  The term “filter ress” means a maching using Hllering cloths and plates to
separate solids and liquids.

{00025]  The term “biodiese! feedstack” means organic material used in the
production of tiofuels.

{000268]  The terms “about” and “approximately” means a deviation of no greatler

than 158% from an absolute value.



00030] The Wastewat er sludge processing systemtakes skidge directly from
the muni ci pal waste water treatnent plant, transforns it into useful
product s,wendillmassas no waste behind, It is a | owtenperarirseqiolosi4pr essure
process. [00031] The nunicipal solid saste (10 is transferred froma
treatnment plant to a wet sludge holding bin (103). In the holding bin (103)
the waste is 20-45% solids by weight. The sludge is transferred by first
screw feeder (105) to a dryer (107) where it is dried to 90% solids. During
the dryi ng.«khi r enpy .St eam 109 The ied sludge is then

gr ound Iﬁ%g{%? élg? ﬁls)n% %ﬁ‘ég‘@r |“é%ar§r%ﬁ?18 nggtlrs transferred to a
dried feedobpdidi Mge i (RABhg tkhe nthidretirgrstdotddifgtahsihbl @anskeansed by a
screw feeder (205) along the path (1001A) to the path (1001B) to the m xer
reactor (118%™ pPEobsd] Solvent is added to the sludge in the mixer reactor
(113) i a r&@gé Myl t he

m xture ﬁgéﬁ‘l edTgﬁgﬁ]ﬂe%e A érs%?ﬁ?%{\s{‘%}f%%%&ﬂn&gt gérflégml S vﬁgc{;}g X%ﬁ%tdrocar bon
and/ or cellPUBAse ThadVasteeatsr s! ud@ew@msmm*stéméamgmsdgm@rwwmmﬁm S

punped by p nd
solids are gg}%é&é%@éagt#%%t% H ftgg bt %Sgﬁ&g%’é@%ésﬁ{@ ?gegqtgé%é%& a%ragm dual
sol vent, an%@mam&vaﬁmmmﬁ itiiss s epehpadtinel Bhngekams rddS)s. The filtrate
is punped via a second punp (215) along the path (2005A) to the path
(20058) to the heat exchanger (121). The filtrate is heated to the boiling
poi nt of bb%ﬂm Yﬁ@ﬁmﬁﬁ@?&%&9%5@%@@??5%&@?@&@@?{5@% %@iméﬁ\@%&ni%'&or to

entering the | ash drum drum (123), the sol vent and

resi dual watwet shrige dpithes élﬂe&‘l Qghdn Benboidsoviia{ te t%@'@mﬁ PR 25)ids The
solvent-fre S t and
noved by thgf’[g‘éi%ﬁ}t ?{f&gg%}a ESI?%?{&&& &5%%’{ ?%)S%%‘ggey (%gr %pilgﬁéw g@ﬁédl esel
f eedst ock. [a@se&%ﬁ];s dfhet xobie ol za@d;}m*s;a eaalryving! e d/ap'emdved%téammacuum

125 d d th I f I h
path (200340 1080 0917 bDeHESACAROSSEG) 52 3186 (15 RBOBHER 90058y are

ol l ected andj@gg i§ @tdﬁ@‘@rré@ i Q%%@'ﬁ‘é@@hgﬁﬁ?&y@r{%%/%@@ht&ﬁ@ir@@&?@!ug@é‘@ ally
as (129). In the second heat exchan vapors are condensed back to a

li quid stat &angREepies screndaetpve sa§ﬁﬁrﬁ@5‘ PRE aﬁa@wmwwmﬁ@) bat h
(2001B) to oy arator (131) which renoves the water fromthe
sol vent . Thé{be\/\ggt&ergggg%&réﬁggol vent are both returned to be reused in the
process. {000B341SThventielddaedde amdiutinmer tlesnarergmwed 113 ona thep a first

condenser/ separ by a fourth 415) into th u oI vent
Conk (155 SERRE T, YtOR B et ARk Rk Pt e TGS SR B8 1o
activated C@é&ﬁ&@x@@i@?hﬁfs Wity taachdafam dntier taRIRKSUPIraebMent tank
(133). Fresh solvent _is also added to the make-up solvent tank (133). Hot

wat er (139) SHEPSSER BREORIIHG SRVERR ISCURDRMIS BY P%@dﬁé%iﬂ < @ﬁ*ﬁ?‘f*’ Pi&ESr euse.

00035 Backyh yhiafe tid HEEcPiRPSokit W) scblige hbil megbmimas kst ure 1

collected a ent to ryer ere e solvent is renove

recover ed. Eh@a@eﬁ Iodj s sevent, addtraces p&m@eds sew ta shisdidingdania ik “G 303).

bath (20074) "G HE SRIRPES kB lF ety HHE e el car for
t he process pataatmcaat thetiae: asdhdriget (mrraTmfz&ate xﬁ@e&t&lﬁﬁ&ﬁe@@f mt} furt her

bypr oduct recover%@( 145) or alterpatively s. used as a by
CRREIR

[
wi t hout fur PRER® é‘nﬁﬁ%éé%%&ﬁm?ﬁfB’&e’ﬁsﬁéﬁk\’*ﬁ‘f&'ﬁf‘%@ fﬁ‘%@ ?ﬁ@rth
pump (515) HAsHENEn e f”#nti&@gﬁ%h%P%Qiiﬂetr@éﬁvéé%é%bﬁﬂa \D&@P@&i" (10018)
to the m xer reactor , the filtrate tank ﬁll he dryer (141) and
the dried cebgpgiats aﬂmre(rm)ﬁ vig JB0BCuReemai i Y5 ). fhe sofrentiiedodss not

enpl oy furt t 4S used
as fuel in gﬁﬁ&aﬁ%ﬁ ,2}1?1\8/%@ ge @%tﬁ%ﬁ%&%%ﬂﬁw 3?‘; i Rgssilﬁng%ér]ns %{ ué%é {&I‘ﬁe oi |
has a 19, 00& Bmmm&qmﬁ?gﬁwgﬁmm;mﬂnﬁ be heelidagh ﬁ&@/s’mxﬁer aI m xture has a

7000 Bt u/ Th d dt fect
{ oodst 0o KOBR St O SLWER $0 (SR s iRt I PEIGRELE P By, “and has
al rost no s Blst:Hérga' 5:‘1@&%@&@@&36@&&&%%‘3 éﬁstfré%ﬁh Rbdesd idQbthef dlih BBT03A)

processing. r The process extracts 18%oil by weight from undi gested
sl udge and 11% oil by weight fromdigested sludge. A bone dry pound of
sl udge yields 11-18%o0il, WD 2011/005883PCT/ US2010/ 041245 7



50-60% cel | ul ose and 30% mi nerals (though the p recess need not separate
the cellulose and mnerals. [000401 The drying step of the process takes
about 45%of2otiesssaer gy cost of the process. It shoul d PeTASR@E/ 08 12a%
because the process does not enploy aéwashing step, drying costs are

m ni m zed. [00041] At the end of the process of the present invention, al
the useful materials-oil, cellulose and m neral s-have been captured. Mst
i nportant, there is nothing left to be incinerated, landfilled, or

ot herw se dispgsed. of...paking the systemof .the present .invention.a truly
er o wast e 5 BEauan OIS FRLS et PEUAR, Rty BB RN S e 1o
pur poses anghdded @bnéady @at 1 y¥®. Bf thkhecbhdhbat ©lchbhgePires pRipdr\s@at i on,
EXAMPLE 00043] Process design Ciiteria and Assunptions itennitsDesign

[ 00044] MunFeT{RIISeaAaY f%é\%@wﬁ%\%f # iquigi theg fravaR g Fegpth o2001A)

v Lo YA s o VS o8 S Ry B ! 1
Conposi t i oniDri be uBwrd s Heogaler ane dag solveSolrdie ittt iMbegeused edheent
Ql(dry SO|5&§%Qg§iS) Cel | ul ose(dry solids)

{G0D34]  The cellulpse and minerals are moved from the condensad/separator {131}
by @ fourdh pump (418} into the make-up solvent tank (133} The venied vapor
from the condenseriseparator {131) goes {0 an activated carbon canister {135)
and then into the make-up solvent tank (133}, Fresh solvent is also added to the
make-up sohvent tank (133). Hot water (138) is also removsd from the
condenser/separator {131} for reuss.

{00035] Back al the filter press {117}, the cellulose/mineral mixtura is collecied and
sant to a dryer {141} where the solvent is removed and recovered, The
celutosaiminaral mixture proceads o a holding tank (3031 The third screw
feadsr (309) lakes the callulose/mineral mixture along the path {2007A 1o the
path (20078} 1o & furnace (143} that provides heat for the process. Optionally, the
ash that remains can be processed for further byprodust recovery {14b or
alternatively, it is used as & byproduct without further processing.

[000D36]  Antrogen tank {147} uses the §ifth pump (515} fo move the mitrogen along
the path (10014) {0 the path (10018} 1o the mixer reactor (113), the filtrale tank
{119}, the dryer {141} and the dried celiulose bin {303}

000371 Preforably, the systen doas not employ frther separation, but rather, the
celiglose/mineral midure is used as fust it an altemative fusl fumace o dry the
ncoring sludge. The o has g 18,000 Blw/pound energy value and the
cellddoss/mineral mikdture has & 7000 Blufpound enargy valus.

{00038]  The ofl is considerad {0 be a perfect feedstock for biodiesel. it is 80% fatly
acids (85% €18 and C18}, and has almost no sulfur. it also can be used as fusl
ol without further processing.

(W] The proosss extracts 18% oil by weight from undigested sludge and 11%

ol by weight from digested sludge. A bone dry pound of sludge vields 11-18% ol



actor Feed Solids I b/hr10. 90 10 10 50-60 WD 2011/ 005883PCT/ US2010/ 041245
8 Bul k density of celluloselbift' Specific heat capacityBtu/lb--F7850 Mt al
oxi des ( MOp,20dropsss6l | ds%@5. . 35NT Bul k density of MJ bi f PBTAG280/04105
(average) of MXR2.5 Specific heat capacity of MOB0.23 0 4 1 Average
Conmposition of Metal Oxides Iron oxide

5G-80% cellulose and 30% mingrals though the provess need not ssparats the
callulose and minerals.

] The drying step of the process {akes about 45% of the energy oost of the
process. it should be noted that becauss the process does not smploy a
washing step, drving costs are minimized.

[00041] At the end of the process of the present invention, all the useful
materials—of, celluloss and minsrals—have been capiured. Mast important,
there 5 nothing left t be incinerated, landilied, or otherwise disposed of, making
the system of the prasent ywention & fruly zero-wasta provess.

000421  The following examples are for flustrative purposes and are not indicative
of the limitg of the present invention,

EXAMPLE

{00431 Process design Criteria and Assumptions
tem Linits Design

[00044] Municipal Solid Waste (MSW)

MEW Filter cake as feed to dryer b 48
Moisture content % 75
Solids content W 25
Buik density of MSW cake i’ B8
Temperature {avg. ) of MESW cake oF &85

[000458] Average Composition of Reactor Fead Solids

Diried MW as fead to reactor fhity 10
Solids content k! a0
Maisture content % 10
O {dry sodids basig) % 10

Celhidase {clry sohds} % 50-60



Cal ci um oxi de Phosphorus oxi de Al um num oxi de Ot her oxides 10.0 6,25 4,5
[ 000471 Sol vent Characteristics Heptane (Cl11) Specific
gravi ty0.woed11Bwkis3density of CH b/ft42.64 Boiling poi nPCofUs@no/ iké209. 1

2.25 2.0

Specific heat capacity of C71-63. BO.8& Latent heat of

vapori zationBtuil b76.45 itern UnitsDesign

capacity of nitrogenBtull b-, FO.25

Bulk density of cellulose
Specific heat capacity

Metal ooides (MO), dry sohds
Bulk density of MO

Sp. Gr. {average) of MO
Speacific heatl capacty of MO

[00046] Average Composition of Melal Oxides

fron oxide
Calcium oxide
Phosphorug oxide
Aluminum oxide
Other oxides

[00047] Solvent Characteristics

Heptane {(CiHis)

Specific gravity

Bulk density of Gyt

Baiting point of Gyl

Specific heat capacity of CrHys

Latent haat of vaporization

Ham
Nitrogen Gas

Specific heat capacity of nitrogen

Density of nitrogen

[00048] Product Fuel Qi

i
Btudth-oF

% 28.35
i

Bluibh-F

B

%
e
s«
Bludb--F
Hiudh
Units
Busdih-
iR’

oF

Ni trogen Gas Specific heat

ik
7850

NT
158

p
e

o)
P
<3

10.0
5.25
4.5
2.25
20

0.684

42 .54

208.1
0.5

7845

Design

.25
8073



Density of nitrogen0.073 WO 2011/ 005883PCT/ US2010/ 041245 9 Specific
gravity of o0il0.9 Bulk density of oillb/ft56 Specific heat capacity of

oi | Bt ul | bwB2811008886000491 Pl ant Operation Length of shi PChniSdd0/040pEr ati ng
hours per shifthrishift8 Dried MSWfeed processedl b/ hr10. Solvent addition
Pounds per pound of dry solids |Ib/lb4l Solvent |loss/Ib of product oil MM
MSW Feed to Dryer Raw MSWfilter cake Solids content Moisture content

Specific gravity of al - AR
Rutk density of ol e 58
Specific heat capacity of o Biufb-F 18,000

[00049] Plant Operation

Length of shift hrid 14
Operating howrs par shilt hrishiftgd

Diried MSW fesd processed ity 10
Solvent addition

Pounds per pound of dry solids  1bib 41
Sobvant lossith of product ol % 1.0

[00050] MSW Feed to Dryer

Raw MSW filter cake bfhr 48
Solids content g 28
Muoisture content % 75
Bulk density of dried MSW cake B 21-31

Pilot Plant Operation Parameters

[00DS 1]

The Mixer/Reactor was sized™ to process 20 b of solids on a dry basis
{22.2 b of dried MSW containing S0% solids} per batch of 3 hours durstion.
Forty (40} pounds of dry sobids processed duning g shift contain an estimated
37 5% or 15 pounds of ol Approximately two {2} gallons of od at 85% recovery

arg {o be produced during the 8 hours of operation sach day.

Number of shits per day shiftsfd 1
Duration of shift {total) hrishit10



Bul k density of dried MSWcake Ib/hr 40 25 75 21-31 Pilot Plant Operation
Parameters [000511 The M xer/ Reactor was sized" to process 20 I b of solids
on a dry we=0s/002832 | b of dried MSW contai ni ng 90% sol iPds)uspew/obesth of 3
hours duration. Forty (40) pounds of Wry solids processed during a shift
contain an estimated 37.5% or 15 pounds of oil. Approximtely two (2)
gallons of oil at 95% recovery are to be produced during the 8 hours of
operation each day. Number of shifts per dayshiftsld Duration of shift

(total )hris 011/ 00 83PCT/ US2010/041245,,10 Nunber of batches per
shi ftbatcheg\{uwﬁﬁé%g% éﬁ%’gﬁ% er batchh%ﬁgﬁégﬁdzmeed feed (90% solids) per
bat chl b/ bat ¢fa2ii@: Pry welbizetsy content of Reagtwer fegdl b/ batch20 Sol vent

addi tion ratel b/ bat ch40 Sol vent addedl b/ el 80 Uni tspe%i gn

nied fead (80% solids) pay balch ihfbatch
Dry solids content of Reactor fesd ihibateh 20
Solvernt addition rate ib/hatch 44
Solvent added iv/d 80
ifem Units Design

[00052] Product Qi

Oif in MSW feed solids % 10
Gl content of MSW fesd solids ihid 2
Estimated ofl recovery % 85
Estimated ol recovery fhid 14.25
Estimated ol recovery galid 18

[00083] MixeriReactor

Solids processed on a dry basis = 10 vbatch

Solvant theplane) added per batch = 40 B/batch

Mass of dried feed (30% sclids) charged t© MixegReactor
= {10 /batoh ) {80% solids)
= 11.1 ibateh

Volume of diied fesd charged to MixeriReactkor
= {11.1 batchW21-31 i)
= (13552 #¥hatoh

Volume of solvent (heptans) added {o Mixer/Reactor
= (40 Ip/bateh){(21.3 i)



[0005. i] Product Gl QI in MSWfeed solids G| content of MSWfeed
solidshbid Estimated oil recovery95. Estinmated oil recoveryl btd-14.25

Est i mat edwoi2b1wvmsssser ygel i d1. 9 [ 00053] M xer/ React or SolpcadaiSpelooersed on a
dry basis = 10 | b/ batch Sol vent (hepténe) added per batch = 40 | b/batch
Mass of dried feed (90% solids) charged to M xer/ Reactor = (10

| bi batch)/ (90% solids) = 11,1 | b/batch Volune of dried feed charged to M xe
ea = (11.1 I b/batch)/(21-31 I b/ft) = 0.35-.52 ft/batch Vol une of solvent
(hept ane) added to %gr% eactor (40 ibibatch)i(21.3 Ib/ft) WO

2011/ 005883PCT/ US2016/64¥545 11

Tolal volume of foed to Miker/Readtor
= .35- 52 8° dried MSW filter cake + 1.88 #° heptane
= 1.29-1.46 ' ibatch

Size of MixerReactor (D = diamatar = height}

(v} % (DY) .
= e % (DY = 1281 46 &
4

D= [{1.20-1.468) x @Y = 1.18-1.23 1.

The MixerReactor is 1.5 |, dia. x 2.5 ft. tall, which includes 3 freeboard
altowance of 1.0 ft. and equipped with 1.0 hp molor with variable frequency drive
(VFDY. [4.42 §8

[000S4] Broad Scope of the Invention

{00058]  Although the present invention has been fully describad in conjunclion
with several embodiments thereol with reference to the accompanying drawings,
{ is {0 be understood that various changes and modifications may be apparent o
those skilled in the ad. Such changes and modifications are to be understood as
inchudad within the scope of the present invention as defined by the appendad
claims, unless they depart therefram.

[0Q0D56] While Hustrative ambodimants of the invention have been described
herein, the present invention is not limitad o the varicus prefarred ambodimeants
described herain, bul ncludes any and all embodiments having sguvalent
slements, modiications, omissions, combinabions {e.g., of aspects across
vanous embadiments), adapiations andfor alterations as would be appreciatad
by those in the art based on the present disclosure. The limitations in the claims

are {o he interpreted broadly based on the language employed in the daims and



= .94 3/batch Total volunme of feed to h. er/Reactor = 0.35-.52 ft 3 dried
MSWfilter cake 1.88 ft hept ne = 1.29-1.46 ft/batch Size ofr/Reactor (D =
di amet er woheigisgss(n) x (D2) x (D) = 1,29-1.46 ft 4 D PCI/UB20m046)245 (4) /
TA, 1 =L23 ft. The M xer/Reactor is | 125 ft. dia. x 2.6 ft tali, which

i ncludes a freeboard allowance of 1.0 ft. and equi pped with 1.0 hp notor
with variable frequency drive (VFD). 14,42 ftj 1000541 Broad Scope of the
| nventi on EO0055] Although the present invention has been fully described
in conjunction. w t{g sever%l %Frrborg:; %nﬁ thee\regf, W"ft h.ref erence to the
acconpanyi n§ tVEIFhISTATPPE SPRUHRE AR BEE8E° A VAP SL S EREHes and
modi fi cati opsogseMtidecBPRaentaton, Whasessithtibedrd 1 SdeodittuadSucrechanges and
nodi fications are to be understood as jncluded within the scope of the
present i nvBKEHHNE ROTREHIG ByYIR RESEFHEREEEVE ISSTIURIEBYEDHN & Mepar t
therefrom } 504 A& dd FRl R BRDQHR (ST SN T-NT W |VI=1 2\ N nave
been descri %gggﬁ%g}l}ﬁ#}i@ﬁg Skr‘léé%geﬁw’;éﬁs\t/gnti oﬁé?{sg‘ nig??\slsid%ﬁii%%}(?%fﬂ%iﬁgm@ ri ous
preferred elvogiosenstnrdddbsidpedcatmrenmansytius-hektidesr aley pstiuiction

enbodi nent s, i ng. .equi.v [ S.. odif i cat Lans « . Q0SS ‘

conbi nat i onggﬁé{g%}% &%;5 “ﬁ%%%&’?%%gé&%g‘?%ﬁéé‘éﬁ%g‘?ﬁ%ﬁﬁ@*:&??ggg%*‘aeti ons
and/ or al t ef@bhoasr@sived stehesappretizatiedabyn thoseahe ivher 2atdp k@sed on the
present disclosure. T.he,éi mtations .in the clainms are to be interpreted
broadly bas&dPERYHEC RhGhAFETERPPHYEE WRIPRE BIRIFRYY Shfalecvignd ¢

2011/ 005883RGIALS2 QLA IR 4Rl Bab 8lipddr ke S b QuRXSEDiAFedRCH fpad in the
present specification or during the prosecution of the application, which
exanpl es ar distipsp aoh vtk theagoperdies ai $he appivaticax Rwgreninclpaynergseas ent

di scl osure, .{ 1 ar me erahl V.S (R IR S,. -pr.ef.erably,
but ot 11 et TRERL Y bpu B BT P TR R aBOFER OF Vi
appl i cat i onwithiaihe-péesy fispdisuon e lahe@med presbunotedinn smntatiicarshovld |
only be enpl oyed where for a specific claimlinitatian | of e

ol T ovvi ng' £oner imeroedy ePedBiasian igfafilin BheRsaibashoudant Bor o
"step for" fp@uBRERRbYréeaidkeiphig 8c@Qk HESREBAL Y chiHRhhORsiiSe expressly
recited; and c) structure, material or acts that support that structure are
not recit edshPwdiR wigrEepd imt dhRIPGI MNENENENPT ST Er shastedthpgd
appl i cati ong.Lhe:terni A RLESE A il LA R sl AVENL QN e used
as a refer eﬁ{:ﬁe& ? 8%1%51%} %?é %%%{“éﬁg‘ég%‘g? I‘E’&! '\é?gﬁfit%%r%igggeﬁr%{&\ég&%:%%.&The

| anguage pr &semtplicatrends cRires. i tive discisushand dunag tHeeprionprdper diythis
interpreted_as, an identification of criticality,. shoul.d not be inproperly
|t or pr ot ed 200 GHBNy FRGeLABLSY apbgBiierircBi b nataRhutedBriatl SRR Ou o
be under st oaghttRabrddees pr eaeNkinl BYSBIN@Bn Mas«af, BUERE bngfpoaiRedkiedngtc.
enbodi nent s% and shoul d not be |rrg{Br operly interpreted as |lim ting t he scope
of the appl FtERTBREMPGSIMAECUY AMPRMEYUTS Byt el RYSRINIMY 93EeprBsecut | on
of this appki; QLT Wosin | A AF-YAl 26 4Q descri be
any aspect, Eﬁsi?{sﬁ%&n%:ﬁ%&é@éﬁ%&%&t&gﬁmﬁg}@%{g%%&rﬁ%ﬂb?%ﬂn’r@%é %h / or any
portion theméofh mesos fonesanpleéxanpl es, vari ous enbodi nents may i ncl ude
overl apping features. in this disclosure, the follow ng abbreviated

term nol ogy may be enpl oyeee. " which neans "for exanple”. WO

2011/ 005883PCT/ US2010/ 041245



13 What is claimed I's Caim1l. A zero-waste nethod of processing wastewater
sl udge such that at the end of the process, oit, cellulose, and mnerals
have beerwoaptwnoss$3and there i s substantially nothing | @Cr/useolom41245
incinerated, landfilled, or otherw sel3di sposed of, conprising the steps
of:: a- transferring solid wastewater sludge froma treatnent plant to a
wet sludge hol ding bin, said wastewater sludge containing fromabout 20 to
45% sol i ds by weight, b- drying said wastewater sludge to about 90%
sol i ds %i.ndffn he dried wastewater sludge an transferring the dried

T

gr ound ¥ dgé& =

HH"2 5 ni xer reactor,. c- within the m xer reactor mxing the
dried ground sludge with a solvent and heating to produce viscous

suspengiigm of hydreeanhersmethwedl pihose randasenetalsidgd SBRRASIAQRe  d-
separating liquids and solids, e- heating the separated |iquids to the

boi | i n§RBSH He BoceR® WoFoBitsaamadrnasrt: MEYRDOPU FerlBfec #e 68 Bual wat er
prior and.codl:e - abed .S ent. « 7 eaet o -

transf %Qg?t(rélg&%§ﬁd§%§$$ér[fg{ebo%€h%?\ §:§ %ﬁo%ﬁ?ﬁgﬂg ED g%t{ég@gsigv&é%%rggﬁsa?‘ng evapor at ed
sol veptmaj@eﬁsmﬁhd@w;}svﬁi elr and segar ati ng \lfvat er frohm so! vent, and h-f
transferring separated. solvent N al, water the m.xer, reactor of step
(6" 00 207 oo Ry ERARSE M ST hE Sk el Herb ARt T o B T 0
further conpridgkmeidad dirsken @isieopre alidas wrttsnandnsabodsde geeformed in

a filter press \
ds by waight,

sl
- drying sad waslewater sludge 1o about Q0% solids,

grirding the dried wastewater sludge an transferring the dried ground sludgs to g
mixar reactor,

C~ within the mixer reactor mixing the drisd ground sludge with a solvent and
ginerals in suspension,

a8 separaling haquids and solids,

&= heating the separated lguids o the botling point of the sobvent and the
bodling point of the residual water prior and collecting evaporatad solvent and
residual water,

f transferring solvent-free oif 1o & holding tank,

g~ condensing evaporated solvent and residual water and separating water
from soban, and

h- transfarring separated solvent and residual water fo the mixer readtor of

step {o).



collecting cellulose-mneral mxture fromsaid fitter press drying
said cellul ose-m neral m xture and renoving and col |l ecting sol vent

| c--reusiwgQ 200ldosssted sol vent in the process at step (cPCTAISA010/041245
transferring dried cellul ose/m neral Wi xture to a furnace and using the
heat fromthe furnace in at |east one of steps (lIl), (c) and (e). Caim
3The nethod of d2, wherein the oil fromstep (f) iis approximtely 80%
fatty acids. Caim4The nethod od of claim3, wherein the oil from step
(t) is approximately 65 wei ght % C16 and C18. C ai m 5The method of claim 3,

wherein said oil is substantially free of sulfur. C aim6he nethod of claim
1, wherghim the pffﬁémh@%bf@i@kﬁ‘iaﬁmﬂifm E8Ypakhg ket ght sépeatispdigast ed
sl udge and 11% oi |l by wei ght from di gested sl udge. ai m 7The met hod of

cl ai m B \ﬁﬁé@%is@%fﬁ‘@t’éﬁ fo¥er 8&§8r ati ng |i qui ds and solids produces a
filtrate compristagcRth LBENEL Ritoral A3hdedtord Ahveiiier s traces of vater.

Cl aim8C ai m 1A zero-waste net of processing wastewater sludge such that
at the end of théf}ﬁ@%@é%i whse-nuediabivoders andemaneaied halestbasniveapt ur ed
and there isg sub ft e, r d, landfilled, or
ot herw se dlgspos%égw{% gﬁ% %'l%’ﬁ&@e {ég% '?t 3@&5 &:ej g‘;igsf erring soli d

wast evat er | udgeafisfema drisidateiiserhiantal hoxaryel a 8lmdgeaholdingghbhast sai d
wast ewat er I udge containing from apout 23 to 45% §ol ids by weight, b-
dryi ng sai d HEECedD GHEES O ABOHERPD Y, €01 FHL®

2011/ 005883PCT/ US2010/ 041245

Claim 3 The method of claim 2, wherain the oif from step {f} is approximately 80%
falty acids.
Claim 4 The method of claim 3, wherein the il from step (1) is approximately 85

waight % C16 and C18.

Claim & The method of claim 3, wherein said oif is substantially free of sulfur,

Clam e The method of claim 1, wherein the process exiracts about 18% il by
weight from undigestad sludge and 11% oif by weight from digested sludgs.

Claim 7 The method of claim 1, wherein said step of separating liquids and solids

produces a filtrate comprising extracted i, residual solvent, and traces of waler.

Claim 8 Claim § A zero-waste method of processing wastewster sludge such
that at the end of the process, oif, cellulose, and minarals have been caplurad and there
is substantially nothing lef! fo be incinerated, landiifled, or otharwise disposed of,
comprising the steps of)
a- transfarring solid wastewater siudge from a treaiment plant 1o a wet
studge holding bin, said wastswater sludge containing from about 20 o 458%
solids by weight,

k- drying said wastewster sludge to about B0% solids,



15 grinding the dried s water sludge an transferring the dried ground udge
to a mxer reactor, c¢- within the m xer reactor mxing the dried ground

sl udge wiwb 2a11905888nt and heating to produce vi scous SUPPEMNS2@N/ 00245

hydr ocarbons or cellul ose and m neral® in suspension, d- separating

| i quids and solids, e- heating the separated liquids to the boiling point
of the so' vent and the boiling point of the residual water prior and

col | ecting evaporated solvent and residual water, f- transferring

solvent-free_oil t ol ding tank . g- condensing eyaporated sol yent and
Fesi dual - vedtntigne BuaT uBeReAiET Shogd anrianr Gamd et IR sERg

separ at ed selivenbzand residual waterthect of step (c), collecting

cellul ose-m neral mxture fromstep (d), A drying said _

cel | ul ose- nfner aPtH%PE Y@L OREVERG Tamaried Breed %ﬁg@g%%wi% RSORSNEEETE ng
collected s cdh R £ QG U e S D o 16) 4y B - colidid@nsderring dried
cel | ul ose/ mgkﬁ%@y iﬁ?&td&r&g%égﬁg%% ﬁﬁgﬁﬁgﬁ%&%dé?ﬁgg?rﬁ%%%ﬁ&é r om{t?he furnace
in at | east toneralf instepsngi®), (c) and (e) wherein the oil fromstep (f) is
appr oxi mat ely 809(%!3, LIy, acl B2 weight % C16 and C18, and wherein said
step of sepgr ati R ‘%i%c*]%{ﬁ @i“‘gﬁég‘ggi}?‘%‘s produces a filtrate conprising
extracted ogl, raséithiphesebuentd iands by feasoidly yabes! the solvent and the

boihng point of the residual waler prior and colleching evaporated solvent and

residual water,
1= transferring solventdrse off 1o a holding tank,
G- condensing evaporated solvent and residual waler and separating water

from solvent,
h- sransferring separated solvent and rasidual water 1o the mixer reaclor of

step {a),

i coflenting cellulose-minaral mixture from step {d),

# drying said cellidase-minsral miduwre and removing and collecting solvent
K~ reusing collected sobvant in the process at step {¢}, and

I transferring drisd celiuvdose/mineral mixture {0 8 fumace and using the heat

from the furnace in at least one of steps (b)), (&} and {8},
wherein the off froen step () is approstimately 80% fatty acids and 85 weight % C18 and
18, and
wherein said step of separating liquids and solids produces a filtrate camprising

axtraciad off, resithus! solvart, and races of water,



