Wast ewat er Sl udge Processing System GOVERNMENT | NTEREST STATEMENT (00011
None BACKGROUND OF THE I NVENTION 1. Field of Invention (0002] The invention
relates generally to a process for the treatnment of wastewater sludge into
desirabl e products with no undesirable waste | eft over Mre specially the
process relates to drying the sludge, and separating the sludge into oil,
wat er, and &gl louloossed M nerals by the use of chem cal powusphiyeiiznal
reactions. 2. Description of the Backiground [ 00031 Sewage is created by
resi dences, institutions, hospitals and conmmercial and industri al
establishments. Raw i nfluent (sewage) includes household waste |liquid from
toilets, baths, showers, kitchens, sinks, and so forth that is disposed of
via sewers. |n nmany areas, waetgterdiadye Mokeskasy Systemd waste fromindustry
and comrerce. Muinicipal wastewater therefore includes residential,
commercial, and industrial liquid waste di scharges, and may include storm
wat er runof f. GOVERMVENTINTHRESTSEWAESIENTeat nent i nvol ves t hree stages,

call ed pri ”?60\5'3 seggpdary and tertiary treatnent, First, the solids are
separated f oml[he wast ewat er stream Then di ssol ved bi ol ogical matter is
progr essi vel y EASHREAERGUND Ot HERNVENTEONass by using i ndi genous, water-borne
m Cr o- or gani sns rief dd@ivbationt Ne bi ol ogi cal solids are neutralized then

di sposed of or re-used, and the treated water maxq be di si n‘[ ected chemcally
or physi cal f3PPgk orH@%‘é‘f?Bf'@’ S ERRYY BAPRTRSE S e BHTERPY The final

ef fluent can hestivathealiigy intoadeSkabfogroducsweith ndamdesitabiposstedeft wadrl and, or it
can he used f LI aat | 0 | £ _ park. If it
is sufficient Mg‘%ﬁaﬁ’( th%g’é‘%fgg? %egat%etgﬁrsyggctﬁ%%fﬁtgqeogﬁ:g%ta )éé@(grx {e?‘%har e or
agricul tural sindpenesel. waks and helluidiseidinesaia by tmusa pbehemipabangphysiomt er
treatment proggsgedust be treated and disposed of in a safe and effective

manner. The purgos’e"gf digestion is to reduce the anmount of organic matter
and the nunber BpsEPUQER #1Bask9y™d i cr oor gani sns present in the solids,

g_he nost Comiugai t r@@ia@_@ﬁﬁcr@ﬁéﬁobggf)iasigﬁﬁdeﬂgﬁst?ﬁﬁﬁﬁ,MEﬁaﬁi@G&béﬁlﬂpﬁﬁaﬁer obi c
igestion, and conposting,. oi.ce a_wast ewat er id treatment
net hod depend?"gﬁ‘rggﬁgaiz?ﬁ%m#’"ﬁfﬁss%?‘? ”%%@W&P\é‘g"‘g‘ﬁggbﬁ‘%ﬁogi@&es pecific
condi ti ons, Hdaus dom toiletsgbates, showers ricss rajnks samioptfordf thavis dippisedd t o
smal | er-scal e ! iQns . foll er abj ' [ en lastly
anaer obi ¢ di gg@ﬁ?g%ﬁ%%.rﬂ{r%gygéeﬁ gé@%@%ﬁggﬁ‘u&%%ﬁ ‘g‘%ﬁﬁ’gﬁ}%ﬁq{b&‘g{?‘?‘é&n@ 100071
SUMVARY OF THEn{ MyENFicoNteoas wasewalgsthamiers shdeoieidentish conmetc@hat er

sl udge can be gpg %@&ﬁﬁ‘ﬂg@%%@@l O'afsehéruemnd%p WRIuRk siéfh WatePRABICt s of the

treatment process as a fu r one of nore heatlg&#steps in the process.
It has furt HEP4hedrPvatiivaatspyposetiaapiinpeives Higpsiedns SledPYt¥¥sed such t hat
at the end of sbhdii e sstia) rédiMet BRRMhe baive Bid @Paragddlfrolte usef ul

nas st 11 1 ur PRSP BEERTREh TR HEro R Lo (e R e R e oed sush
that there is invoaboignissftly uwsinglireligencis)erat-bone Inderdfordanisas. Finaligttheer wi se
Oy oD0ms? Phoo RSl SUSLOmIRLs R EBATDl o\ UERL LA0NR oty zero-vaste
zZer o- wast e water may be disinfected chemically or physically (for example by lagoons and

microfittration). The final effluent can be dischargad into a stream, river, bay,

lagoon or wefland, or it can be used for the irrigation of a golf course, green way

or park. If it is sufficiently clean, it can also be used for groundwater recharge or

agricultural purposes.

{0005] The sludges accumulated in a wastewater treatment process must be
freated and dispased 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



of processing wastewater sludge is 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 of. [00010] In accordance wi th anot her enbodi nent of the
invention, a process is provide which conprises the steps at a-transferring

sol i d wast eygfBitfoosgesudge froma treatnent plant to apMisHiowdasgs hol di ng
bin, said wastewater sludge containing fromabout 20 to 45% solids by

wei ght, bi-drying said wastewater sludge to about 94% solids, grinding the
dried wastewater sludge an transferring the dried ground sludge to a m xer
reactor, c-within the m xer reactor mxing the dried ground sludge with a

sol vent and headrbdlSadi@ndhaslie A tNd SRS The WRREMidh RiatrhylberAs bons or
cellulose and mnerals in sus_pensug)n,%%l- .separating |liquids and solids,

e- heal i ng t h&Cligpapagreli figeRiPaserdig sﬁ%s?ﬁ%ﬁ”‘m %-of the sol vent and
the boi | i ngfquogint THoidelea astodudl st tresitnmant méthandepalid @chb agoamapor at ed

sol vent and resi | [ -hra erri.png . sqlvent - il to a holdin
tank, g- Congéiﬁgil&%er\’\@éggq glpérasuégpg%f coﬁ%%seg%‘ﬁ%\%f‘ '%&gfa&)’and separat i ngg
wat er from sokoepestians mdst otanapslestte smglieseprie apmidat®os tdeweddvd r esi dual
water to the ghxsk dfgf%éﬁ;%ﬁad%en%&éﬁ? aﬁ&érh%bié &8@3&&%& hedSpaidance wth a

further enbodi ment of the invention t step of separating |iquids and
solids is perfPBFia! JARIRYPNS. t er press, and further conprises the steps of;
collecting cellulose-mneral mxture fromsaid filter press j- drying said

cel | ul ose-nj al Jn,xt j and coll ecting sol vent k- reusing
col | ected 2@@ nt %’H%$mwjgﬂ\ép (0), and transferring dried
cellul ose/mnneral mxture to a furnace and using the heat fromthe furnace

anot her -enbot Jent" (3 PR SR oun st e ) L bo Bropell 2000 Bt el y
80% fatty aci @eonopicalinb vigganireng pesluge piihie regttest MpesEaBs fughr i s
subst anti al | y ghé 8em&te hsstingWeps in the process. it has further been found that

wastewater sludge can be processed such that at the end of the process of the

present invention, all the usefuf materals—oil. celluiose and minerals—have

beean captured. Most imporiant, it has still further been found that wastewster

sludge can bs processed such that there is nothing left {0 be incinerated,

landfitied. or otherwise disposed of, making the system of the present invention a

truly zero-waste process.

{00091  in accordance with an embodiment of the invention, a zero-waste method
of processing wastewater sludge is provide such {hat at the end of the process of
ofl, celludose, and minerals have been captured and thera is subsiantially nothing
left to be incinerated, andfilled, or otherwise disposed of.

00010}  In accordance with another embodimant of the invention, a process is
provide which comprises the steps of;

a- transferring solid wastewater sludge from a freatmant plant to g wet
sludge holding bin, said wastewater shudge containing from about 20 to 45%
solids by weight,

b~ drying said wastewater siudgs to about 30% solids,



1000131 I n accordance with still another enbodi nent of the invention the
process extracts about 18% oil by weight from undi gested sl udge and 11% oi |
by weight fromdi sted sludge. W) 20111003883PC171182010/041245 4 [00014]
I n accordance with anot her enbodi nent of the invention the step of
separating liquids arid solids produces a filtrate conprising extracted

oi |, residugfonPissl. and traces of water. 1000151 Bhinfs26dsifeids PTI ON OF
THE DRAW NGS [ 000161 FIG 1 is part 1 of the process flow diagram. [00017]
FIG2 is part 2 of the process flow diagram [00018] FIG 3 is part 3 of
the process flow di agram DETAILED DESCRI PTI ON [ 00019] It is advant ageous
to define certain terns before describing the invention. It should be

appreci ated t @m& thel Pbd %@Ga@@&b&getan%asﬁm? webdhieh Rrmg Bouge bl s
appl i cation, finrtions [00020] The term ' wastewater sludge"” and 4sl udge”

means sl udge JBRENTE#4%%ed in a wastewater treatnent process. [00021] The
term "sol vent'e. rreaﬂm@mwﬂﬁérammaﬂ@ihe deléd gusmcﬁgammmemje&ﬂoza The

Lo m *scr cw 1 5800 egniued Veto 5 Faaen S outfaloRe oLbRETRY ccrow f ecder

or gravinetri omeefaks\m Swspemmign, capabl e of nmetering material in a production

process. [00024 | ,ese neans a machine using filtering
cloths and pla es a?a%ﬁggltqé%égéggl |§Js and liquids. 1000251 The term

i tiodi eset feedstobgeting rﬁpﬁj‘ﬁ?gﬁﬁﬁ‘édﬁﬁtﬁéﬁ'P%!m%@élc’ftheﬁﬂ‘@“b?m&| on of

bi ol ual s. boiling point of the residuat water pricr and collecting evaporated solvent and
residual water,
f transferring solvent-frea il to a holding tank,
g- condensing evaporated solvent and residual water and separating water
from soivent, and
h- transferring separated solvent and residual water 10 the mixer reactor of
step (c)

{00011} I accordance with a further embodiment of the invention the step of
separating liquids and solids is performed in a filter press, and further comprises

the steps of;
- collecting cellufose-minarai mixture from said filter press
8 drying said cellulose-mineral mixture and removing and callecting solvent

k- reusing coliected solvent in the process at step (¢}, and
t- iransfarring dried cellulose/mineral mixture to a fumace and using the heat
from the furnace in at least one of steps (b), {¢} and {e}.

[00012] In accordance with another embodiment of the invention the oil from step
() is approximately 80% fatly acids. is approximately 85 weight % C16 and C18,
and is substanfiaily free of sulfur.

{00013] In accordance with stilf another embodiment of the invention the process
extracts about 18% oil by weight from undigested siudge and 11% oil by weight
from digested shudge.



{000261 The terns 'tabour' and "approxi mately' nmeans a deviation of no
greater than 15% from an absolute value. 1000271 The term "substantially"
means plus or mnus 10% (000281 The term "hol di ng tank” neans any piece of
equi pnent that is used to store product. (000291 The term "%, unless
ot herwi se specified, refers to percent by weight. (000301 The WAstewat er
sl udge procggShiifessssst em takes sludge directly fron13@§mgﬁﬁhg Lpal waste
wat er treatment ?ant transforns it into useful products Ieaves no
waste behind. It is a |lowtenperature, |ow pressure process. 1000311 The
muni ci pal solid waste (101) is transferred froma treatnent plant to a wet
sl udge holding bin (103). In the holding bin (103) the waste is 20-45%
sol i ds by V@b@hﬁ ] BoRlaHEGin ShdelRBREBIMEN dPiheliivelfiontfis gp heeder (105) to
0 % sol |

a dryer (1 where 1t 1s r|n e drying, liquid
i s removed asSeRasHing PQMGH‘*'PH@WPW%P fitigle @%‘Pﬁﬁ@ﬁ@ﬁ@ﬁ%a"uf‘?ﬁ* alri nder
(111). The drk&¢entQirltasdsufidatdrs transferred to a dried feed holding bin
(203). The dried ground sludge is transferred by a screw feeder (205) al ong
the path (1001A) to the path (10018) to the m xer reactor (113). (000321
Sol vent is @oot] tBRIEHBESCRIRIEONIOR THE DRAGINGS®act or (113) via punp a first
punp (115). Whin the m xer reactor (113) the mxture is m xed and heat ed.
The resulting material is viscous hydrocarbon and/or cellul ose and mnerals
in suspensi@gﬁmfhé:@ésfﬁmﬁhgﬂgebmcﬁsﬂﬁwlmfped by punmp (215) into a filter

press (117)§0we;r}e ﬁ;@@,&&,{ggﬁﬁe RidesOldudffagpd® Separated. The filtrate which
i ncl udes ex re solvent, and traces of water, is sent to a
hol di ng tan@ogﬁﬁ:‘gﬁﬁpﬁgf’&ﬁ?@"ﬁ“@“{ﬁ?ﬁﬁ@ﬂ@ff‘a a second punp (215) al ong
the path (2005A) to the path (200513) to the heat exchanger (121). The
filtrate is h ng point of the solvent and the boiling

poi nt of the fsggllgﬁg%%mgb{ or to entering the flash drum (123). In the
flash drum (123), the solvent and residual water are evaporated and renoved

via the vaci?umsgums Qé\%ﬁéage{ﬂ%% a&in g"cgkauft Jﬁrﬁs Qéfbrécés&fﬁdgeﬂ?éﬁ dipRi N the

bottom of t Iash drum nove unp to a hol ding
tank (127) reB&)oubbe 3 %‘hﬁ%fhﬁf‘:@i@f”é%é?ﬁ”f“@eﬁgﬁéﬁﬁd thrpebasdtisrhe sol vent
and residual wggiestionapor fromthe vacuum punp (125) discharge and the vent
lines fromthe upstream process along the path (2003A) WO

2011/ 005883PCl M520101041245 6 to the path (20038) are collected and are
routed to thebDsiiticent recovery system i ndi cat ed gener ally as (129). In the

second heat state.
The 11 qui d CRETE NS torh apdelBRiugll Shd SR FEar R Bt Seimlsi 5" 1% e
condenser/sepﬁﬂ“&ﬁféwaf@&wmeﬁhm?eﬁ%rmves t he wat er fromthe sotvent The

wat er and tdeo ﬁ?' RE terdl-SopR@t bnéaeh dls08sardce cgeameéf%%éowrng bifndir ocess.

[ 000341 The cel F?l ose and mnerals are noved fromthe condenser/separator
(131) by a foff™R"Bunp (415) into the make-up sol vent tank (133). The

vent ed vapognomzzpmmhearmdﬁ!dﬂa’smééx&mmnﬁtmgaiﬂsaﬂbasg:ee:smmecan activated carbon

cani ster n N Fresh sol vent
is also ad gazt°g qﬁégﬁ’u@k%&%"gf“‘gg ven?‘%f é‘%‘?@?*ls‘ﬁ%ﬁ?g %’ t('E;L?)Q) is also
renoved from schew@@ﬁﬁmg@vlmﬂmmfeeqqmammme@w m@*@@fﬂ?}‘o‘? Back at the
filter press ﬁfgg@mnﬁ‘l&gegsel | ul ose/ m neral mxture is coll ect ed and sent to
a dryer (141& he solvent is renoved and recover ed.

cel | ul ose/ niPA%%h i W’E}r“@t‘*bi’@é%é?%anﬁé “%FCH'SF&?'ﬁ%f“fe&ﬁﬁdP%‘é@?d p‘?ﬁ’ét‘f hird screw
f eeder (305) smlerse sdnds 6@l flaaldesel mineral nixture along the path (2007A) to

t he path ( vi.de a he process.

Opti onal | y%&@ atsrﬁ f}aﬁé 6’?@??&%*%3&%2& ng'ﬁ%)%g%%%g’%mp% s?{ﬁ‘t é%er bypr oduct
recovery (145production eBrefaeis.vely, it is used as a byproduct wi thout further
processi ng.g 056%% 3 t 515) to nove
the nitrogen a 2 Q‘E’m%éﬂ%aa{bgwQ%%%R?mﬁg%?e}]ye%%ﬁé? %%ﬂfgw?&e&gﬁtgém xer
reactor (113)%herf 'f’ff‘”PP’c"-’r”eﬂbé"’PW‘UFllQ) the dryer (141) and the dried
cellul ose bin (303). 1000371 Preferably, the system does not enploy further
separation, but rather, the cellutose/mnerat mxture is used as fuel in an
alternative fuel furnace to dry the incom ng sludge. The oil has a 19, 000
Bt u/ pound energy value and the cellul ose/mneral m xture has a 7000

Bt u/ pound energy val ue.



[ 000381 The oil is considered to be a perfect feedstock for biodiesel. It
is 80%fatty acids (65% C1l6 and C18), and has alnost no sulfur. It also can
be used as fuel ithout further processing. 000391 The process extracts 18%
oil by weight fromundi gested sludge and 11% oil by weight from di gested

sl udge. A bone dry pound of sludge yields 1148%o0il, WO

20111005883%{0{.)%&330/ 041245 50-60% cel | ul ose and 30P@edxshRbmhsas (t hough the
process need not separate the cellul gse and mnerals. [000401 The drying

step of the process takes about 45% of the energy cost of the process It
shoul d be noted that because the process does not enploy a washing step,
drying costs are mnimzed, (00041 At the end of the process of the present

i nvention, $.h Ll LAl S0l d m -
Ng&g%mil;] &%ﬁg{,}f’suﬁ%&%ﬁf iRl biys g,qlpggy% ¢s% and m neral s-have been

capt ur ed. , LI s nothin to be incinerated,
| andfi | | ed, (09028t hBreikor haidigdenid mepns arykiang of pRIRET SR 5B present
invention a tigyo®8hQ-Waste process. [000421 The follow ng exanples are

for illustrative purposes and are not indicatiye of the Iim. of the
present i nvE90¥n, ThORRPIE. poet A s seredie ergfé%toaefcggtrqyawaﬁwg Assunpt i ons
ggLnUni t sDegiopgo} [ RHROAddtedten shidaalpraBetsind sjdmheakdeBiody: diviBWibinitheer cake as

NBW cakel b £t FRECRENEETaFEPL 0N PIoY. Rty nEaRbR b ans! by ©f
Conposi ti on ofteakenct wastEbelinEd i dovBDempdralBiien plfegse PBCPBact or | bi hr 10
Sol i ds cont ent 90

{00031] The municipal solid waste {101} is transferred from & treatment plantto a
wet siudge 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 driad to 50% solids. During the drying, liquid is removed as steam
(109). The dried studge is then ground in a grinder {111). The dried ground
studge is transferred to a dried feed holding bin (203). The dded ground sludge is
transferred by a screw feeder (205} along the path {1001A) to the path {16018} to
the mixer reactor {113).

[00032] Solvent is added o the sludge in the mixer reactor (113) via pump a first
pump {115). Within the mixer reactor (113) the mixture is mixed and heated. The
resulting material is viscous hydrocarbon and/or cellulose and minerals in
suspension. The resulting solution is pumped by pump (215) info a filter press
{117} where the filtrate and solids are separated. The filtrate which includes
extracted off, residuat solvent, and traces of water, is sent to a holding tank (1189).
The filtrate is pumped via a second pump (215} along the path (2005A) 1o the
path (20058) to the heat exchanger (121). The filtrate is heated to the heailing
point of the solvent and the boiling point of the residuat water prior to antering the
flash drum {123). in the Hash drum (123), the solvent and residual water are
evaporated and removed via the vacuum pump (125). The solvent-free oil is
collected from the bottom of the flash drum (123) and moved by third pump (315)
1o a hofding tank {127} ready for shipping as biodiesel feedstock.

{00033} The solvent and residual water vapor from the vacuum pump {125}
discharge and the vent lines from the upsiream process alang the path {2003A)



Moi sture content10 O I (dry solids basis)10 Cellul ose(dry solids)50-60 WO
20111005883PCT/ US2010/ 041245 8 Bul k density of cellul osell Specific heat
capaci tyBtu/l b- P7850 Metal oxides (MJ, dry solids%5-35NT Bul k density of
MO bitsl56 Sp. G . (average) of MX.5 Specific heat capacity of

MOBt ui | b- +0. 23 unmeam Aver age Conposition of Metal Oxides %6.25 %4,5

WO 2011/005883 PCT/US2010/041245
6

ta the path (2003B) are collected and are routed to the solvent recovery system
indicated generally as (129). In the second heat exchanger (221) vapors are
condensed back fo a liquid state. The liquid then travels along the path (2001A}
to the path (20018} o the condenseriseparator {131) which removes the water
frara the solvent. The water and the solvent are both returmed to be reused in the
Process.

[00034] The ceillulose and minerals are moved from the condensat/separator (131}
by a fourth pump {415} into the make-up salvent tank (133). The vented vapor
from the condenserfseparator {131) goes {0 an activated carbon canister (135)
and then into the make-up solvent fank (133). Frash solvent is aiso added fo the
maka-up solvent tank (133). Hot water {139} is also removed from the
condanser/separator {131) for reuse.

{00035} Back af the filter press (117), the cellulose/mineral mixture is coliected and
sent to a dryer {141) where the solvent is removed and recovered. The
ceifulose/mineral mixture proceads 1o & holding tank (303). The third screw
feader (305} lakes the celiulose/mineral minture along the path {2007A) to the
path {(20078) to a fumace (143) that provides heat for the process. Optionally, the
ash that remains can be procassed for further byproduct recovery {145) or
alternatively, it is used as a byproduct without further processing.

{00036} A nitrogen tank (147) uses the §ifth pump {515} fo move the nitrogen along
the path (1001A) to the path (1001B) to the mixer reactor (113), the filtrate tank
{119), the dryer {141} and the driad cellulose bin {303).

(60037} Preferably, the system does not employ further separation, but rather, the
celiulose/mineral mixdure is used as fual in an altemnative fuel fumace o dry the
incoming shutdge. The off has & 19,000 Btu/pound energy value and the
cellulosa/mineral mixture has & 7000 Btu/pound enargy value.

{00031  The oil is considered to be a perfect faedstock for biodiesel. it is 80% fatly
acids {65% C16 and C18), and has almost no sulfur. i also can be used as fuel
ol without further processing.

{00039}  The process extracts 18% oil by waight from undigested sludge and 11%
oil by weight from digested sludge. A bone dry pound of sludge yields 11-18% oil,



%2.25 ty, 2.0 0. 684 42. .64 209.1 Btivlb-rsF 0.5 Btuilb 7645

WO 2011/005883 PCT/US2010/041245

50-60% cellulose and 30% minerals (though the process need not separate the
cellufose and minerals.

{00040}  The drying step of the process takes about 45% of the energy cost of the
process. it should be noted that because the process does not employ 2
washing step, drying costs are minimized.

{00041} At the end of the process of the present invention, alt the useful
materiais—oil, cefiidose and minerals—~have been capturad. Mast important,
there is nothing left to be incinerated, landfilled, or otherwise disposed of, making
the system of the present invention a truly zero-waste process.

[00042] The following examples are for illustrative purposas and are not indicative
of the limits of the present invention.

EXAMPLE

[00043] Process design Criteria and Assumptions
Rem Units Besign

[00044] Municipal Solid Waste (MSW)

MSW Filter cake as feed to dryer by 40
Muoisture content % [
Soiids content % 25
Bulk density of MSW cake i 85
Temperature {avg.) of MSW cake 2F 85

[0D045] Average Composition of Reactor Feed Solids

Dried MSW as feed fo reactor Ibir 10
Solids content Y% 20
Maisture content % 1Q
Oil  {dry solids basis) % 10

Celludose  (dry solids) % 50-60



griftDesign Specific heat capacity of nitrogenBtuil b-F0.25 Density of

ni trogenl bi ft30. 073 000481 Product Fuel M WD 20111005883 9 Specific
gravity of oil- Bulk density of oillb/ft Specific heat capacity of

oi | Btu/l b--F 100049) Pl ant Operation PCT/ 1152010/ 041245 04 56 18,000 Length
of shifthrld

WO 2011/005883 , PCT/US2010/041245
Bulk density of cellulose o 11
Specific heat capacity Bluwib-F 7850
Metal oxides (MO), dry solids % 25.35 NT
Bulk density of MO i 156
Sp. Gr. {(average) of MO - 25

Specific heat capacity of MO Biuib-F 0.23

[00046] Average Composition of Metal Oxides

tron oxide % 10.6
Calcium oxide % 6.25
Phosphorus oxide % 4.5
Aluminum oxide % 2.25
Other oxides % 20

{00047] Solvent Characteristics

Heptane (CiHs}

Specific gravity ~ 0.684
Bulk density of CyHig e 42,64
Baiting point of CrHs < 2081
Specific heat capacity of CyHys  Btutb-oF 05

Latent haat of vaporization Bulh 7648

ltem Units Pesign
Nitrogen Gas

Specific heat capacity of nitrogen Biufh<F 0.25
Density of nitrogen bt 0.073

f00048] Product Fuel Oit



10 Operating hours per shifthr/shifta Dried MSW feed processedl b/hr 10
Sol vent addition Pounds per pound of dry solidslbilb 4;1 Solvent loss/lb
of product oil 1 0 1000501MSW Feed to Dryer Raw NI SWfilter cakel b/ hr

WO 2011/005883 PCT/US2010/041245
9
Specific gravity of ai - 0.9
Bulk density of oil it 56
Specific heat capacity of oil BtuAb-F 18,000

{60049} Plant Operation

Length of shift hrid 10
Operating hours per shift hrishiftg

Dried MBW feed processed Hatliid 10
Solvent addition

Pounds per pound of dry sofids  iib 4:1
Solvent loss/ib of product oif % 1.0

[00050F MSW Feed to Dryer

Raw MSW fiter cake lo/hr 40
Solids content % 25
Muoisture content % 75
Bulk density of dried MSW caks e 21-31

Pilot Plant Operation Paramaters

{00051} The Mixer/Reactor was sized* to process 20 b of solids on a dry basis
{222 b of dried MSW containing 90% solids) per batch of 3 hours duration.
Forty (40) pounds of dry solids processed during a shift contain an estimated
37.5% or 15 pounds of oil. Approximately two (2) gallons of il at 85% recovery
are fo be produced during the 8 hours of operation each day.

Number of shifts per day shifts/d 1
Duration of shift {total) hrishift10



40 Solids content 25 Mdisture content 75 ofcake 21-31 Bulk densitydried
MSW  Pilot Plant Operation Paraneters 1000511 The M xer/ Reactor was
sized" to process 20 | b of solids on a dry basis (22.2 I b of dried MSW
contai ning 90% solids) per batch of 3 hours duration. Forty (40) pounds of
dry solids processed during a shift contain an estimated 37.5% or 15 pounds
of oil. App I y two (2) gallons of oil at 95%r are to be

pr oduced du{r;vlg)r%gbgﬂﬁfgd% hours of operajj on each day. Nﬁﬁg’§¥2%@¥)4]§fﬁ fts per
dayshifts/rl

Number of batches per shift balchesdd 2
Reaction time per batch hribatch 3
Dried fead (90% solids) par batch b/batch 22.2
Dry solids content of Reactor fead ib/batch 20
Solvent addition rate th/batch 4
Solvent added fbid 8Q
ftem Linits Dasign
[00052] Product Oil
Qi in MSW fsed solids % 10
Qit content of MSW feed solids ibid 2
Estimated oil recovery % 95
Esfimated ol recovery tbid 14.25
Estimated oil recovery galid 18

[00083} Mixer/Reactor

Solids processed on a dry basis = 10 lb/batch
Solvent {(heptane} added per batch = 40 lb/batch
Mass of dried feaed {90% solids) charged to Mixer/Reactor

= (10 ibbatch)(90% solids)

= 11.1 Ib/batch

Volume of dried feed charged to Mixer/Reactor

= (11.1 b/batch)i{21-31 i)

= 0.35-.52 i¥/hatch

Volume of solvent (heptansa) added fo Mixer/Reactor

= (40 ib/batch)/(21.3 IbMt%}



Duration of shift (total)hashiftl10 WD 2011/005883PCT/102010/041245 10
Nunmber of batches per shiftbatches/1cl 2 Reaction tinme per batchhr/batch3
Dried feed (90% sol i ds) per batchlb/batch22/ Dry solids content of Reactor
f eedl b/ bat ch20 Sol vent addition ratel b/batch40 Sol vent added(b/d80 Item

[ 000521 Product Gl Gl in MSWfeed solidsl0 G| content of MSWfeed

sol i dsl b/ dziﬁiﬁf)@gs@g oi |l recovery95 Estimated oil repoMedvloligsd. 25
Estimated oil recoverygaWll. 9 [ 00053]J11M xer/ Reactor Solids processed on a

dry basis = 10 | b/ batch Solvent (heptane) added per batch = 40 | b/batch

= 04 {t*/batch

Total valume of faad to MixerReactor
= 0.35-.52 f° dried MSW filter cake + 1.88 fi* heptane
= 4 29-1.46 f*fbatch

Size of Mixer/Reactor {D = diameter = height)

(1} x (DY)
B x (D} = 1.20-1.46 R
4

D = [(1.20-1.46) x (@YW = 1.18-1.23 &,

The Mixer/Reactor is 1.5 R. dia. x 2.8 f¢. tall, which includes a freeboard
allowance of 1.0 ft. and equipped with 1.0 hp motor with variable frequency drive
(VFD). [4.42 19

[o0054] Broad Scope of the lnvention

{00055]  Although the present invention has been fully described in conjunction
with several embaodirments thereof with reference to the accompanying drawings,
it is {0 be understood that various changes and modifications may be apparent to
those skilled in the art. Such changes and modifications are to be understood as
inciuded within the scope of the present invention as defined by the appended
claims, unless they depart therefrom.

[00086] While illustrative embodiments of the invention have been described
herein, the present invention is not limited to the various preferred embodiments
described herein, but includes any and all embodiments having equivalent
elements, modifications, orissions, combinations {e.g., of aspects across
various embodiments), adaptations and/or alterations as would be appreciated
by those in the art based on the present disclosure. The limitations in the claims
are to be interpreted broadly based on the language employed in the claims and



Mass of dried feed (90% solids) charged to M xer/ Reactor = (10

| b/ batch)/(90% solids) = 11.1 | b/batch Volune of dried feed charged to

M xer/ Reactor = (11.1 | b/batch)/(21-31 Ib/ft3) = 135,52 ft3/batch Vol une of
sol vent (heptane) added to Mocer/ Reactor = (40 Ib/batch)/(21.3 WO

2011/ 005883PCT/ US2010/ 041245 11 =ft'/batch Total volune of feed to

M xer/ React -.52 ft3 dried MSWfilter cake + ptane = |
. 294, 46 ft?ﬁ@a?ch 'ze of M xer/Reacjor (0 dianeter sz'ﬁ/%zo{]%o)mt x (D2) x

(0) =1.29446 ft 4 = [(1.29-1.46) x (4)/(rr)=1 18-1.23 ft. The
M xer/ Reactor is 1,5 ft. die. x 2.5 ft. tall, which includes a freeboard
all owance of 1.0 ft. and equipped with 1.0 hp notor with variable frequency

drive (VFD), gléf!%%e{}?dex%@x%{\&égsﬁ geen&??ﬁr\?épe%g@atfog\é(?g&&n%%é'000551

Al t hough the present 1nve SCri conjunction with
several enbodpivsatuiion fidheapplioation, wiw@:@m@sm toive capdonpanyPng drawi ngs, it

is to be undepatad. F&%&a%?&';@%ﬁ&@ﬂ%&l&ﬂ% ] SR8y §Reh.De_appar ent

to those skilled in the ar % difications are to be

under st ood as SFTHFPERBE MRPEH AREtERBlY Ut pet liBted fne iﬁ#&‘@?ﬂ‘@fﬁ%\‘?ﬁ“ﬁ?ﬂ as defined
by the appendéd pedspicitnn ofithisegplidalioy nthapaplusfhetaf dreidp RG0S Hdr Wi | e

illustrati t f i escri.b herein, the
or esent | nventTGOrETsDy Be PRyt Yok 0. R R ISP URRE B rent »
descri bed her &illpwing oenditions adgeeseniin Sl linilatios ) Sreans v ofalep iy equi val ent
el ement s, rmda;;;f@&wa@a ﬁ@caab%ﬁamgmﬁem% é%sg%&ed e spects across

vari ous enbodl ment s) tati ons an Iterati ons as wou be

appr eci at ed b?’%ﬁ%é“‘f‘?ﬁa@ Preacki hatsasedt B stHEuE R Bofredpd dn éﬁﬁjr e. The
limtations i 8iséiberehai cnnmgm% dr@aeb@udnfﬂ Sigupplictoh Headhnindefegreaamtt he

| anguage enpl %ergson or :nven%on may beni(:jsed as a reference 1o one or more aspect
within the present disclosure, The language present invention or invention should
not be improperly interpreted as an identification of criticality, should not be
improperly interpreted as applying across all aspects or embodiments (e, it
shouid be understood that the present invention has a number of aspects and
embodiments) and should nof be irproperly interpreted as Emiting the scope of
the application or clabms. in this disclosure and during the prosecution of this
application, the terminology "embodiment” can be used to describe any aspect,
feature, process or step, any combination thereof, and/or any portion thereof, atc.
in some examples, various embodiments may include overiapping features. In
this disclosure, the following abbreviated terminociogy may be employed:"e.g.”
which means “for axample”.



WO 20111005883PCTM52010/ 041245 12 not |limted to exanpl es described in the
present specification or during the prosecution of the application, which
exanples are to be construed as nonexcl usive, For exanple, in the present

di sclosure, the term'preferably” is nonexclusive and neans 'preferably,

but notywhiii1feesks 0- " In this disclosure and during thgcpiu&sRFdiden of this
application, neans-plus-function or step plus-function [imtations wll
only be enpl oyed where for a specificqglaimlimtation all of the follow ng
conditions are present in that limtation; a) "neans for or "step fo( is
expressly recited; b) a corresponding function is expressly recited; and c)
struct : j .or acts that support that structure are not recited. In
this di\;z@'ﬁltéésrgltragﬁ%ﬁ?'duri ng the prosecution of this application, the
term nol ogy ~ present invention” or Invention" may be used as a reference

to one Qr. re aspect within, h resent disc)]osure. The | uage, pr esent

vent CRITDT ' T noBrerasi oot Hracestng wastepater siudatcsud a0 n8

i dent i Bha @F tHeprRkess, idill 6allulése, ahl Mihdral®hal’kebeen captfifdd and tHeps By et ed as
pl ying across all aspects or enbodinents (i.e" it should be understood

ap : . or . ' : )

t hat  t BEbgiaskllytnathing ieft thbe lsineraledblandfiied; op etheswisedlisnasediatent s) ari d
shoul d : i rley interpreted as limting the scope of the

appl i cg?[?%ﬂg@? t@?%%.dﬁ n this disclosure and during the prosecution of

t hi s appl i cat i ontransferringrsulid svasjgwétenbladgedom adeeatientyslact tba wekcri be any

aspect. feature cess or. ste n onmbi nati.an therepf, d/ any
porti on t herigee MBS BR. SHavatand’l sfuags ontutBasa bR ZR el 1 de
over | appi ngslRistby weight,n this di sclosure, the follow ng abbreviated

term nol ogy may be enpl oyet re.é. " Whi ch neans "of or exanple”. 13 Wiat is
cl ai med is: bd ai dying said wagtewaensludge toabt%s solids. wast ewat er sl udge such

that at the i ; } n
captured and g ind st i ndnSfiing e il Mlge 6

| andfi | | ed, mbtersedetoni se di sposed of, conprising the steps of; a-
transferring solid wastewater sludge from.a treatnent plant to ,a wet sludge
ot di ng bi ne- sa WHFE erTeablon §ina IREHAed SRt Mlad M o' RoeplBhas 'S
by wei ght, héatindy Yo pedeiee distaas eusperisicn origrirbcarbbas!br 88Ikuesd asts, gri ndi ng
the dried wastewater sludge an transferring the dried ground sludge to a

ni xer react Bineralg.ingusPeRSI®the i xer reactor mxing the dried ground sl udge

with a sol vgnt rara e G Vi scous suspensi on of hydrocarbons or
& m?ﬂ%)ral?@g{q gLidS aRd SOKEES

cel | ul ose and a n suspension, d- separating |liquids and solids,
e- heating ehe skgatingttbd sepgrateld liquids teethedddilingypgiot oftthefsotviest gnd thent and

Sof vent andooes el of 8 eSaAH Toreb BBE aRY kifechd siBorBiid BAVSHERY Dol ng

tank, g0- crituasmaterevaporated sol vent and residual water and separating
water from solvent, and h- transferri nghse_parat ed sol vent and resi dual
water to thk ni xEansfersingsolvant-fieg il te @ holgiBgdank.sai d process extracts about

18% oi |l by %\Bi 9hdorideRSing ¥liaperited sSiveATSn P RskiduatwRitdr 44 $&Iaating Watdr
di gest ed sl Udge.
from solvent, and
h- transferring separated solvent and residual water to the mixer reactor of
step (c),
wherein said process extracts about 18% oil by weight from undigested sludge

and 11% oil by weight from digested sludge.



14 G aim 2The nethod of claim11, further conprising said step of separating
| iquids and solids is perfornmed in a filter press, collecting

cellul ose-mneral mxture fromsaid filter press j- drying said

cellul ose-mneral m xture and renoving and col | ecting sol vent k- reusing
col l ectge »flo¢syas i n the process at step (c), and per/beveolseas 1 Ng dried
cellulose/mneral mxture to a furnace and using the heat fromthe furnace
in at |east one of steps (b), (c) and44e). Caim 3The nethod of claim 2,
wherein the oil fromstep (f) is approximtely 80%fatty acids. C aim4The
met hod of claim 3, wherein the oil fromstep (f) is approximtely 65 wei ght

% C16 d 8. i m5Th t ho f.claim3,.. whergei.n sai i
cubscantim 7y ¢ 5ae FletdOiF pleit  Riingh 8oMprsind Sl Bp R sCeftalind fadgs ng
wast ewaheé sokdsiidgRerfoutbdtihatfiltat pidse, end of the process, oil, cellulose, and
m neral s have been captured and there is substantjally nothing left to be

i nci nerat ed’ | an%n'te_pti@@peMOﬁ-mwwm@ﬁm@a&ﬁltee@rﬁﬁs sing the steps of;
a- transfer {-' ng érﬁ/ldfs#f@%&ﬁiﬂ@é&hi%r’éﬂ%&%ﬁe%&éﬂﬁ%%gw c&i&‘ﬁhgfsglv%ni"et

sl udge hol di ng bi sal d wastewater s e containin om abotit 20 to 45%
sol i ds by wki ghtreusing ehllgcied sohiemt imtheqwacess afl siefy €c)t andibout 90% sol i ds,

15 grinding,the 5nﬁszgréiﬁ@fé,rfe‘éeée‘ﬁhlo%}fﬁiﬂ&a?%i&ﬁ;ﬁ‘é‘?& £tirhA& HRE uSing3fle Hegtnd

sludge to a m xeﬁij
from the furnace in at least one of steps (b), (¢) and (e).

Claim 3 The method of claim 2, wherein the oil from step (f) is approximately 80%
fatty acids.
Claim 4 The method of claim 3, wherein the oil from step (f) is approximately 65

weight % C16 and C18.

Claim § The method of claim 3, wherein said oil is substantially free of sulfur.

Claim 6 A zero-waste method of processing wastewater sludge such that at the
end of the process, oil, cellulose, and minerals have been captured and there is
substantially nothing left to be incinerated, landfilled, or otherwise disposed of,
comprising the steps of;
a- transferring solid wastewater sludge from a treatment plant to a wet
sludge holding bin, said wastewater sludge containing from about 20 to 45%
solids by weight,
b- drying said wastewater sludge to about 90% solids,



c- within the m xer reactor mxing the dried ground sludge with a sol vent
and heating to produce viscous suspension of hydrocarbons or cellul ose and
m nerals in suspension, d- separating liquids and solids, e- heating the
separated liquids to the boiling point of the solvent and the boiling point
of the woSbfiuplssyat er prior and coll ecting evapor at edpSdB8itioatrdsl ' esi dual
water, f- transferring solvent-free oil to a holding tank, g- condensing
evaporat ed sol vent and residual water ang separating water from solvent,
h- transferring separated sol vent and residual water to the m xer reactor
of step (c), collecting cellulose-mneral mxture fromstep (d), j- drying
said cellul ose-m neral m xture and renoving and col |l ecting sol vent k-
reusi ng coll ected solvent in the process at step (c), and
transferri ngri@Uihg%é:eﬁédlh@gmté»eglaagéwwhgfetrmw tHeldritaicgroand shigigBdo ahe
heat fromthe furnace in at | east one of steps (b), (c) and (e), wherein
the oil frofXaréeagtes, i s approximately 80% fatty acids and 65 wei ght % C16
and C18, and wh i i mad | oWl i ces a
Pl trate cogpr oM dog i SRRl iSRG UG bt uaRinil o v SUPCE
heating to produce viscous suspension of hydrocarbons or cellulose and

minerals in suspension,

d- separating liquids and solids,

e- heating the separated liquids to the boiling point of the solvent and the
boiling point of the residual water prior and collecting evaporated solvent and
residual water,

f- transferring solvent-free oil to a holding tank,

g- condensing evaporated solvent and residual water and separating water

from solvent,

h- transferring separated solvent and residual water to the mixer reactor of
step (c),

i- collecting cellulose-mineral mixture from step (d),

j- drying said cellulose-mineral mixture and removing and collecting solvent
k- reusing collected solvent in the process at step (c), and

I- transferring dried cellulose/mineral mixture to a furnace and using the heat
from the furnace in at least one of steps (b), (c) and (e),
wherein the oil from step (f) is approximately 80% fatty acids and 65 weight % C16 and
C18, and
wherein said step of separating liquids and solids produces a filtrate comprising

extracted oil, residual solvent, and traces of water.



