METHOD AND SYSTEM FOR SACCEARI FYI NG AND FERMENTI NG A Bl OVASS FEEDSTOCK
BACKGROUND Cel lulosic and |ignocellulosic materials are produced,
processed, and used in large quantities in a nunber of applications. Oten
such materials are used once, and then 5di scarded as waste, or are sinply
considered to he waste materials, e.g., sewage, bagasse, sawdust, and

st over. Various cellulosic and |ignocel i alosic materials, their uses,
and applications have been described in U S.  Patent Nos. 7,307,108,
7,074,918, BEHAR MPEYSEEDER SYEEABIIEY PIY FEEIGTF 05 GRS 5T 983 fd5; and in
vari ous patent applications, including 10 "Fl BROUS MATERI ALS AND

COWPCSI TES, " PCTLUS2006/ 010648, filed on March 23, 2006, AND "FI BROUS
MATERI ALS AND COWPCOSI TES, " U. S. Pat ent éﬁﬁl ication Publication No.

2007/ 0045456. SUMVARY Proc scl osed herein for producing, a

product by mul tedhesRiaAR [1@&)%@1%?&51%&%1@&@ pﬂidhce‘aoﬂgé&ﬁe@daﬁdﬂls@d Bilnge e tank.
Sone processes include saccharifyin iquifying a material, e.g., a

cel I ul osi cqwumsgm@eembetr@ésmcﬁt@@asgﬁerksucbyla@aﬁbéfetqswrtcwnééhelnu| osi ¢
portiongof g&%ﬁdeﬁ% Gobtdlor bR s&nﬁﬁ%galsﬁﬁf@d% b A SHHRSy, sEwihe; bdpdisBg an

enzyne, ®an en converting retzulting sugars Zdto a product, e.g., by
Fer ment at i eawdastdandisgivel. | ati on. I n sone i npl enentati ons processes include

utilizing dispefrsin tens.t.o di I. ate
f eedst ock in ae{/arboblgaeslry%z I and lil%%f)ce]iﬂ §ie ﬁat%n%lé Qﬁe?ﬂ%e@@ﬁg %llpﬁhgg frferlseyst -
such as j ebeeidssciigedsindl. Srﬁatent Bosn73807, h98 ﬁwemalé 4418 3071,66 2581846, | n some

i npl enment a r steminclu nber and, within the
chanber, @@?@ﬁg%@ﬁ%ﬁ Sgér??gﬂg AP HS VA0RS ?ag?gg?phc OR%d™ m%w d nmedi um
lnéI 0 th;e Chﬂlﬂﬂ#@USﬁMIrz?balEiRYAﬁg@}&XQMC&SIMES,pe’CﬁVIﬂSQOOG/Olmﬁfﬁe«ﬂsmMalchl n the
medi um from t he chanber radial ly. T e i.scl osed herein can
utilize | owBP% “08ASFER Gt Mﬁ"é@]‘ﬁ&r}%&mg&?ggi if'gsj?agengr

l'i gnoc, el | gglpgls}ddgoﬁp@g@;tgﬁlg%pmodagy%_ been physically pretreated to have a
bul k density of |ess than about 0.75 glons, e.g., less than about 0.7,

0.65, 0.60, 0.50, 0.35, 300.25, 0.20, 0.15, 0.10, 0O,05. or less, e.g., less
than 0.025 gicnB. Such materials can §&vMARY

15 Processes are disclosed herein for producing a product by multiple bioprocesses
which are all conducted in a single tank.

Some processes include saccharifying or liquifying a material, ¢.g., a cellulosic or
lignocellulosic feedstock, by converting the cellulosic portion of the material to low
molecular weight sugars, e.g., using an enzyme, and then converting the resulting sugars

20  to a product, e.g., by fermentation and distillation. In some implementations processes
include utilizing dispersing systems to disperse a fibrous and/or particulate feedstock in a
liquid medium and mixing systems, e.g., low shear systems such as jet mixing systems, to
mix the material in the tank. In some implementations, the dispersing system includes a
chamber and, within the chamber, a rotating member which draws the feedstock and

25  liquid medium into the chamber axially and expels a dispersion of the feedstock in the
medium from the chamber radially.

The processes disclosed herein can utilize low bulk density materials, for example
cellulosic or lignocellulosic feedstocks that have been physically pretreated to have a
bulk density of less than about 0.75 g/cm3, ¢.g., less than about 0.7, 0.65, 0.60, 0.50, 0.35,

30 0.25,0.20,0.15, 0.10, 0.05. or less, e.g., less than 0.025 g/cm3. Such materials can be

especially difficult to disperse in liquids, e.g., with water or a solvent system for



especially difficult to disperse in liquids, e.g., "wth water or a sol vent
systemfor saccharification, fernentation, or other processing. Due to
their low bulk density, the materials tend to float on the surface of the
liquid rather than being wetted out and dispersed into the liquid. In sone
cases, the materials can he hydrophobic, highly crysudline, or otherw se
difficult to wet, At the sane tine, it is desirable to process the
5feedstock in a relatively high solids |evel dispersion, in order to obtain
a high final concentration of sugar in the saccbanfied material, or a high

concent rat -agfh(wg;ic%i ?,etrgr%?eigfaﬁgnﬁ'f Qf_ﬂlsﬁcxgro@bfsbtiﬁg’. D6 83 159 blR-BnsityQthe €1 hanol  or

ot her alco _ rmentation). In some eases, utilizing the methods
descri bed heeailntenihéo at prithe seask obthe fineld ditkdhragibeme dettPheitgrécessi ng can

be, for example, . : ) Ea]ﬁnd h haiy 40, 45, or
even 1O0at @g‘%ﬁ%dﬁ& g%?@glﬁt %-ggilon\il/{ce% Sth?jla%tsegfll\slé%bso igyg. g‘%%’r ?gzlxyarrpl e, the
sol i ds | evelstaliine, beotheromsealiffiotlt thOvet.0A G0/ sane: tgg, itdb desirall@ to4@ogesdihe 30% or
10- 20% The processes . herei.n al.so, .in. , enzymes
andi or T CFGSW(’&EN? gﬁﬁwgéglghﬁo{lﬁéeﬁig% 4eo ’61§§Ig§rr%§§§§ﬁll anlﬁ%ﬂ ﬁegitlch process,
or used ovesncentlattrgofrapiraglthofsadchareficld mageriah ot & highusncpntagies sf tht Besredne
aspect, the invention features met hod that. i ncludes sacclunj |ying a
bi omass fe%rﬂg’fcéﬁﬁeripﬁocﬁssﬂgcfﬁgdO%’ghﬁnﬁfﬁriQgheéa@%%(’é@}:?éjeé?eém,er?tgtl(fngnkl, PG form a
SlugaL fOI %dséﬁﬁuﬁl@z’ﬁ% tﬁ@ﬂl\éﬁlblasi db@%r_lb;é_@h_éﬂd@ahe @Qﬁylebamftl%m)ﬁﬁbduﬁtﬁng e.g., an
al cohol, in the sane vessel, utilizing an enzy 0 croorgani sm
Sone i npl ePRSATSEPE GG %Fm%ﬁ@ewl%ﬁéé%&éhg?ﬁ% %Qof aP‘ifr"Sg.
Conver th g, 306e40 perchtslewdighmRs1atd Qds. T RBENIQhLRNdS 181dl baf bd fasth ude
distillation, e.2., vacuumDi stillation ma%s he perfornmed at a vacuum of

| ess than 7@urhtie. 500, sei phat i &0%mil-BeoperlPoded at anbient tenperature.
In some cases, i r%c%gs‘é§ﬁé¥%5 aﬁ@?l_iﬁgor}lé’%spé;'Lxl'&)vg&{'t?}nfeé’and?orgrlﬁcrg@rg&ﬂkrhs density

of less than about gi cCEn3. I qui d nedium may 1 nclude water, and the
sacchari f yiuyed imthe ntoc@Bdabe jenesid iiele bateh pagsprer U@ Veicddag peiod wA{IE HEd ude a
cellulosic gr. |]j cellulosic material. The net hod may i ncl ude

addi ti onal Cosnttlglpl)éslg%gooc(rgéséxarrpl e, the nmethod may further include mxing with a
jet mxer durinposaespher fhe inatticnESatued x meghod Wiat incladgsesacarsifymedr ot her

T R PR TR SR O TSR =0,
[iquid mnedidéonaditng the sugar solution to a product, e.g., an alcohol, in the same vessel,
utilizing an enzyme and/or a microorganism.

Some implementations include one or more of the following features. Converting

20 can include fermentation. The method can further include distillation, e¢.g., vacuum
distillation. Distillation may be performed at a vacuum of less than 70 Torr. Distillation
may be performed at ambient temperature.

In some cases, the feedstock has a low bulk density, ¢.g., a bulk density of less
than about 0.5 g/cm’. The liquid medium may include water, and the saccharifying agent

25  can include an enzyme. The feedstock may include a cellulosic or lignocellulosic
material.

The method may include additional steps. For example, the method may further
include mixing with a jet mixer during saccharification. Mixing, with a jet mixer or other
mixer, may also be performed during distillation. The method may also include

30  monitoring a glucose level of a mixture of the feedstock, the liquid medium and the

saccharifying agent during saccharification. In some cases, the method further includes



saceharifying agent during saccharification. In sone cases, the nethod
further includes adding additional feedstock and saccharifying agent to
t he vessel during saccharification and dispersing the feedstock in the
medi um usi ng the di spersing system The nethod may further include adding
an enul sifier or surfactant to the mxture in the vessel. In another
aspect, the invention features a systemthat includes a tank, a delivery
5system configured to deliver a biomass feedstock, a saccharification

agent, and a. liquid nediumto the tank, a m xer configured to m x the
del i vered pj .fe ( . I fyi a@har
distillati %‘*ﬁ@?@&%@?ﬁ&éﬁ%ﬁ?3%??%%@% %‘%’Y‘l% ﬂgh‘f‘%ﬁ%q dut %f‘%a‘r W st a

product fronhdidpersmgniiccfiatdstook it thenmedink. usiBgrttee dispetseemstani dhempthyd i ncl ude one
or nore of _th

ol.l gwi ng .f eatures.. The emcan. funth i ncl ude a
el Tvery by BEhSoRTHs RauERs S Sttt T BRRu= ThRE thnk wth a
m croor gani sm Iihagotkyraten, danndeutidrfesituten e bystten that iaxlydmn tanbhi ddiveonf i gur ed
to nonitor the oxygen |evel of .the contents of the tank. K Th i xer can be
or | ncl Biac Rt o Ko ST Ai s PRy R G DR e S M o el | ver
t he bi omasgcdiends teedakanghidel eoHfiduie el MM thOddlverel ddknabifctdierck @iidn or  a
di spersi on. ... By performng nultiple processing, steps,. e.qg.
sacehar i f i ¥4¢haghying dgauferndat YasHima AGlAten sysea ingemnuricaticr wigh @e ?aé’llik ., process

tinmes and cRshuRl® difduchdaRMEohNe: RhRERIS tHeSarl SO, capital costs are
generally lower than for a nulti-tank processi n% n sone cases, the

|
systems descri b¥gndispiinsntagensaenporesnanc cheeeat thafaliowss ferreh|18c so t hat
the sysge nﬁa&éﬁl B8 s g?lgﬁ%% %ﬁel%vgBﬁevicp xoﬂfﬂ%'u}e_d td ndCHate He PREHDEF MESSEl) from

one | ocation to anot _ e processing is described in U S Serial
No. 12/ 374taBd@ithpdni¢mongemismi dhasyspplan SathcomciNge angdy2g08r 0101598, the ful |

di scl osure f L C j i I . ty
pr oduct s ¢ Fab e o Bl B St B B e b er i
i ncl ude hydridas pomsxer.pTiod @lingy sgdtao bol ts cpefigyred ta delbreohedndreasal cohol s or a

di hydric alcohol s),,.such as ethanol,,. ntropangl ,.or n-butanol, carboxylic

aci ds, suchee‘g%oci%@éq P%ulgg‘legmg]rtoglfﬁq% I(I:lr&zlaecf?)%? og%ihts%ersé "a carboxylic acid, a
m xt ur @s of car bexiydrfcemaginigtigle frosaking steps, e ar, baxydrifcatini tsmandioashér s of
carboxylic acids (e.q.,, nethyl, ethyl and n-pr | esters ket ones,

al dehydes, d‘é‘i“??ﬁ‘a?’(‘%g‘ag‘ﬁﬁ@gt ﬁ‘f’&“tséamg%?r@s@“fff%ﬁ&%d g &57F PE)"%Fé i, ol efins,
such as 30ghpylieneslsanrehim eestsrae@gesaéraagmmf tHah €@ mdpegikiprecceiaml! es i ncl ude

et hanol , propanal, propylene glycol, butanot, 1,4.-butartediol,
1, 3- propar fesdibol , net hyl or ethyl esters of any

In some cases, the systems described herein, or components thereof, may be
20  portable, so that the system can be transported (e.g., by rail, truck, or marine vessel) from
one location to another. Such mobile processing is described in U.S. Serial No.
12/374,549 and International Application No. WO 2008/011598, the full disclosures of
which are incorporated herein by reference.
Exemplary products that can be produced by employing the methods described
25  herein include hydrocarbons, proteins, alcohols (e.g., a monohydric alcohols or a dihydric
alcohols), such as ethanol, n-propanol or n-butanol, carboxylic acids, such as acetic acid
or butyric acid, salts of a carboxylic acid, a mixture of carboxylic acids and salts of
carboxylic acids and esters of carboxylic acids (e.g., methyl, ethyl and n-propyl esters),
ketones, aldehydes, alpha, beta unsaturated acids, such as acrylic acid, olefins, such as
30  cthylene, and mixtures of any of these. Specific examples include ethanol, propanol,

propylene glycol, butanol, 1,4-butanediol, 1,3-propanediol, methyl or ethyl esters of any



of these al cohols, nethyl acrylate, nethylnmethacrylate, |lactic acid,
propionic acid, butyric acid, succinic acid, 3-hydroxypropionic acid, a
salt of any of the acids and a m xture of any of the acids and respective
salts. These and ot her products are described in "I SSN 12/417,900, the

di scl osure of which is incorporated by reference herein. 5Bul k density is
determ ned usi ng ASTM DI 895B, Briefly, the nmethod involves filling a
measuring cylinder of known. volune with a sanple and obtaining a weight of
the sanple. The bulk density is cal culated by dividing the weight of the

sanpl e I n gfranse H¥orbREmKNOMRYAL Wi ethéb‘?yl&t}é,' IL&Q%gidio I%}ﬁ@yﬁ%g?iﬁe”“ meters.

Al'l publications, patent applications, patents, an . erences
ment i oned Hapsicgcigy sugginig epidd-hetretyproptoaid astlor potr eteeroffie p@dseamdnce in their

entirety fopixald oftaRabs e | T 2 EIG s
a di agram ihlllxust?aétlt ?hg&?ﬁ‘}e{diﬁ?; tg(ftlc‘:lpga?grREFysgiggh %ercggﬁu%}s/{&%’fbﬁpucose.
FIG .2 is mUSSHw2dilagp@nmd disastirealf whgrhdoimvepsiaed bpfefacieddsiock t o et hanol
via 15pr.oductio er. at.i gn of | ution, . |G 3 is a
i agr amiat i o 11 P aBoREakAL Qe Rnst BERSR. Ifeth B et iveles e g,

et hanol , addlingh mepstudngoayéindario6khiaventolume with a Fin(p%e andlobtairinga dtigrafmmat i ¢
side view of a tank. a istillation ynit .suitable for tise in the system
of FIG 3 et Ijtth 5915%8?35‘5?% %teé%aéﬁvg%a&mw%}ve hg parapley sgFEPS i ng

syst em accdydhdighoon&ormeaditEinder in cubickkftnet&sand 5A are di agrammatic
cross-secti onal ndbﬁq%g(sngﬁecti ve Vi ews, resgsecti vely, of a dispersing device

that can he use@' BHEH SPRI5ASPS RSPtk Tofprenceg mentioned F1 G 6 i s

a di agrammakics RSN hérde a¥d iBWriirad 8 fRGERk HOhSY %ﬁtﬁ@?%“éﬁr tHitMgkyt O anot her
enbodi nent FIGS. 7 and 7A are diagrans illustrafing alternative

operating fOHEE for the di spersing systemshown in FIG 6. FI G
8 is a diagrammtic perspaggdRIPHION 8F ﬁiﬂ%éﬂclgg el ement that can be 30
used in the di sglersyng system shown 1n 0. 5. 9 and 9A are diagrans
illustrating jetlGIlgge drBrimigusiratingdhZ ¢@ymatic hydrolpsiepf cellglopstoalwtpggr ammat i ¢
O 5 an ol ar gul pas A BBk M, ALk by AR oS IR S the
j et-fl oW agradatiom afl fEmentati@, ofElgBicodOBlutisnan enl ar ged per spective view or
an alternate FIG. 3 is a diagrammatic illustration of a system for production of a product, e.g.,
ethanol, according to one embodiment.
FIGS. 3A is a diagrammatic side view of a tank and distillation unit suitable for
use in the system of FIG. 3.
20 FIG. 4 is a diagrammatic perspective view of a dispersing system according to
one embodiment.
FIGS. 5 and 5A are diagrammatic cross-sectional and perspective views,
respectively, of a dispersing device that can be used in the dispersing system shown in
FIG. 4.
25 FIG. 6 is a diagrammatic perspective view of a dispersing system according to
another embodiment.
FIGS. 7 and 7A are diagrams illustrating alternative operating modes for the
dispersing system shown in FIG. 6.
FIG. 8 is a diagrammatic perspective view of a dispersing clement that can be
30  used in the dispersing system shown in FIG. 6.

FIGS. 9 and 9A are diagrams illustrating jet flow exiting a nozzle.



FIGS, 11 and | I A are side and c,ross-seetional views, respectively, of a
tank having two jet m xers extending into the tank fromabove. FIG 12 is a
di aprammatic view of a blower for delivering a biomss feedstock. DETAILED
DESCRI PTI ON 103 ucan- and/or xylart-containing materials, for exanple
cellulosic and lignocellidosic materials such as Using the nethods

descri bed herein, biomss (e.g., plant biomass, animal biomass, paper, and
muni ci pal waste bi omass) can be converted intoprocessed to produce useful

i nternmedi ates and products such as organic acids, salts of organic acids,
anhydri des, estR@slif adiagaminmtiapesectinavitwef sjet-doy agitfteredceorfling tq eftcer nal
15comust bt Nl SR P rlOL?seqlsetn% a Eﬁéectiyee!fi ﬁ%ﬂh% 1&1881%9&9@@&[15@ eber el n.
Systens and processes are descri ed Refeln that can-use as feedstock

mat eri al s eefldbwhgisia ofARHE.AD. FIGHoBes it aibsie meapentivalswidian akkgreate eadi | y
abundant avai | abl e, but often can be difficult to process cellulosic or

I i gnocel hi yngagﬁg. materials, e.g., municipal waste streans and waste paper
streanmss such &HGSI?@@EMAH&I sidlmh:df&s-m;ﬂsmmm, rgypaéttvegaaéTtanlcor r ggat ed
paper or m xtures_ of these, Gener .. Lf required, materials can be

physi cal | %%"F@:ﬂ"%éﬁ%?erb?’ﬁ@@%ilﬂﬁ%wo%ﬁ?‘g’ﬁ processing, often by size
reduction. If ifG & RECESEAMYatcQidveUCEoW ol ROMBiglahidiess ekddibuk. materi al ,
t he physically processed processes such as fernentation. Many of the
processes descri bed herein can effectively lower the recalcitrance | evel of
the feedstock, nmaeking it easifgfTAQAH PERERIPFHIN as by bioprocessing (e.g.,
wi th any 25 m croorgani sm deScribed herein, such as a honpaector4en or a
het er oa¢et ogen, Clagrdf and/ermylaarreyinmingenaeriabe i1 ssgranlayellufosisiai@l  processi ng
(e.g.. gasifi . AN . _ oi

byl ol yor oGP e B e ot P a Pl BBt e

usi ng one bipmasy @il beenyasefpapdrcandetniuis:| dese biohes) her ki aenvaigdh as
mechani cal . treatnent, chem cal, . n [ atd I O i dati on,
pyrorys o BoEReTR s iRE LRl i GRRLIERbg BRI B Oes SO CRILC I B PR o
can be usedrghimic eqdd)rutgtitidassesats oftongrnictdeideend fuelspvgnfutlo fior imerngbr e of t hese

technol ogi es .or_.others descrjb her ei nd el sewhere. I.n order, to convert
the fedist GERPPICLERERER AT Rl lothTop et estlaffly SraREdian SRR ng
manuf act ur pragespdsard desdribed GX@MPhL carbuss iah GleéstaIhat@tadt eellulopt ant/or an enzyne

Smanuf actufin | ant, or a fuel ant, e.g.,.a grain ethanol. facturing
facilit yThléng%%J ?égatafil%%ihs?é%feﬁélﬁ’eﬁtbﬁn@&%"ﬂlan%Ie'r b O?tmfaﬂ&elé‘l‘fégﬁgf‘j’t y

mat eri al s, phodss BARIRIcRr Gighdddlifsdi € materikls BOGRI tib N wakte keeHBt0E kastt hat have
been physically pretreated to have a bul k densi %y of |ess t(pan about 0.75

g/etr,3, ePPer SeaRs suruts sHBBHR e Icluds nex sPap e g ARy, O uBHCL BFPIEYT 0. 20,
0.15, Qo 10miQulof REse! @%&ralgﬁ Frequifd IndifA Gn B phBidaByBeatBUbk density is
determ ned using 10 ASTM D1 95_13. Briefly, the nethod involves filling a
measuri ng Bspréspice pndidr alisopncasangieiiemby fizaredeiphelfanid netsesannPrgiuca wei ght of
the sanple b il e ir il Dehch g riRbgion0f the
sanple in E;hre ;5%10%5&%%{3%{8%@;?5%%?? ﬁ% ﬁgccyﬁdﬂ&rﬁgﬁgegﬁ%ubi o centoinrret ers.

I n order t dlaopnitbe proctsecs dsedbtdbkeincamefastingly hater Sanedsteitrangelicysl opr ocessed,
t he

the feedstock, making it easier to process, such as by bioprocessing (e.g., with any

25  microorganism described herein, such as a homoacetogen or a heteroacetogen, and/or any
enzyme described herein), thermal processing (e.g., gasification or pyrolysis) or chemical
methods (e.g., acid hydrolysis or oxidation). Biomass feedstock can be treated or
processed using one or more of any of the methods described herein, such as mechanical
treatment, chemical treatment, radiation, sonication, oxidation, pyrolysis or steam

30  explosion. The various treatment systems and methods can be used in combinations of



15gl ucan-or xyl an-containing cellulose in the feedstock is hydrolyzed to

| ow nol ecul ar carbohydrates, such as sugars, by a saccharifying agent,
e.g., an enzynme or acid, a process referred to as saccharification. The | ow
nmol ecul ar wei ght carbohydrates can then be used, for exanple, in an

exi sting manufacturing plant, such as a single cell protein pl ant, an
enzynme mantifitcturing plant, or a Mel plant, e.g., an ethanol
manuf acturi ng 20facility. The materials that include cellul ose can be

treated with the saccharifying agent by conbining the nmaieriai and the
sacehari fyi ng @ ergt, i o agl i gui d ms%di t;m e. ? , @ sol \{ent ~such as an aqueous
sol ution. Methads: r8f “dSPRPEMRE afifeeserigelmofogles onothers dedciibrs lbraieatiqum qui ckly
and effici entlsywiare di scussed in detail below. Once the nmaterial has been
25di spersed in th]% rraadi um the saceharifying agent, material and liquid
nedi um are m xed THOTBIRyHIYert the fesdspckda g dernt thtway houh digagohasddfii gat i on, in
sonme i npl eneatiging@nsufabiindBLE! foak r. the saceharifying agent are added
i ncrenent al | Xjﬁr at her than ﬁl at Oon’f:ag&q%:grsmgf%acﬁpplé’,?e"hplﬁ%“)r/?q %‘ﬁy‘B? t he
material Ban"BEHdYEE Rt one fid glanide.pedipwin ettins pens g uihereinyTand n xed

W th the saeghadsidsYistQs AN R T teri.al is.at |east partially
30saecharified, at whi _(S:h poiI}lzfﬁghﬁs%ct:@ﬁ'&%g(ofwlgﬂn%?”ﬂﬁ% forerapplarceliuosgi sper sed
in the medi uth!ieants!ibldie deetigodk ot bee phifhislyacess (RN GoNAANENNt 1 | a

desired sugags [ obt aj ned. Enzynmes and

hi omass- destr Olgs?ﬂ%‘ﬁg%lgt{n)i@%%sh%%? leﬁsrtgwbab%7’t9i6én%§% OsWeh3580.2h6.20e! | ul ose

andl or the |§§hiod pPi.icotrss, ofg., idzethan 0BS §/cme OBLIRIdENRY is@e’&%ﬁ&ﬁ%fjﬂﬁiﬁ various
mal | no

5cel hdol ygic cgl.lul gses), ligninases or various s ecul e
bi omass- des?%%§%ﬁé‘t §B% ¥ ﬁ?&gthﬂ?égwlﬁﬁf‘y%§ hetyug caliedenpf lmowaf enzynes
that act syrohgisyitcabinplé mddegiasies Geystdlid ggﬁpge%ggmﬁe%qtytishe l'ignin

e

portions of Rj 15S. X | es of cel hdolytic enzymes inclu
endoghi can ascglscggggl%y gb‘?%ﬁ@‘chie Megihpeldlc s iserdnodiyabekndvin vojimcazhdasest .

Ref erring t eykhdr i, cubiceehdidi@si ¢ substrate is initially rn hydrolyzed by
endogl ueanases a:[ r%ndom | ocati ons produci ng oligoneric internediates.
These i nt er nedi at B¥CHr'8 PHEH tha feadsiogk tos foom thex candpelreddily pepceist@ @it ases such

as eel | ofsi ohydaslcaselah-QoRkias (ool om.t he ends. of the cellul ose
pol ymer. Cel Irgbi ose?ias 21 wat g?alslg uﬁf@%%gﬁt{){kﬁ%&n@iyﬁ%ﬂo&w B‘P[]?E'blére. Finally

cel | obi ase EPRaEsatesesychps Bwarst by yjaettdrifiingcpee, ¢ Quint ablme eehdidiloses will be

di scussed herRbR réfBrréd Lon. ~4s, The ti requi red for conplete
sacchari fi c(pti on will %Z‘%g%g&gﬁitc%tﬁ% glgl%lco&%lo%‘b‘ﬂgri‘?‘iléﬁ§argﬂl&’df%@ cpe8yst ock

and enzyme S84 for cxamidyr dnf dxeting omnifsctperefaiTBdch & AEMiEEs LI Ng pl ant

under contr 15@%5&9% ' he cel |l ul ose may be substantially entirely
convert ed tgag! ucoseé i?}ﬂaggigﬁt%l }‘I}ngl-’l@%’ ?{&}ﬁéplﬁn{, *CadBifHrNeinaanfagniing perfi ned

parti al 1% ofac bnpletely in transit, saceharification may take |onger. 20in

sone cases, saccparjfiliecation is performed at a pH of about 4 to 7, e.g.,
about 4.5 to 6, of ﬂé%%rﬁa?s %attlgcl%d_e ceflulose can be treatec]3 with the saccharifying agent by

combining the material and the saccharifying agent in a liquid medium, €.g., a solvent
such as an aqueous solution. Methods for dispersing the material in the liquid medium

quickly and efficiently are discussed in detail below. Once the material has been

25  dispersed in the medium, the saccharifying agent, material and liquid medium are mixed

thoroughly, in some cases throughout saccharification. In some implementations, the
material and/or the saccharifying agent are added incrementally rather than all at once.
For example, a portion of the material can be added to the liquid medium, dispersed

therein, and mixed with the saccharifying agent until the material is at least partially

30  saccharified, at which point a second portion of the material is dispersed in the medium



It is generally preferred that the final concentration of glucose in the
sugar solution be relatively high, e.g., greater than 10% or greater than
15, 20, 30, 40, 50, 60, 70, 80, 90 or even greater than 95% by weight. This
reduces the volune to be shipped, and also inhibits mcrobial gromh in the
80113ti OR After saccharification, the volune of water can be reduced e.g.,
by evaporation or distillation. A relatively high concentration
solution can he obtained by limting the amount of nmedium e.g., water,
added to the feedstock with the enzyne. The concentrati on can be

control | ed,, 16484 to B HQR Ollhllabﬂ}gcegéjé’ﬂnmnmé ﬁﬁtﬂ%@fek&éd%ﬁédr@@n&ﬁ‘tkﬁﬁn@ ace. For
exanpl e, §8’oncentrat|on can be I ncreased by adding nore feedstock to the
sol ution. &dingdi | ity of the feedstock in the medium can be increased, for
exanple, by in i 2 I r addlng a
surfactant as &%ﬁﬁigﬁggﬁgﬁgéigﬁﬁéﬁf%&ﬁ 5§£%%%ﬁn ?‘Mkﬁ%ﬂml ﬂ?é%ﬁwgﬁ% be

mai nt ai nedceditilose andfqoﬁreatguin@oafondﬁﬁlﬁebiorrﬁéb mm 60n801®chm vapah Referring to

FIG 2, a process fbr factu an al cohal can

5i ncl ud®, %@Pﬁgilﬁ%?ygfeggcﬁﬂwgﬁg lﬁmgar? 'Y Smr?“lrltn}og%%l lle%&?%e f eedst ock,
e.g., to réduedng mstasilizs. (Théepndyhity malye)faarcempredbf)cnzgm&emattaht s treatnent,
optionally treat.i e feedstqck to.reduce its recal citrance (step 112)
and saceha?yP'Frﬁisﬂ n]g'ﬁ%g?géaéjaﬁy&? 1“?864)“6 Sron g fighin pg§1oa tl HoTEPep 114) .
Sacchari f i Egdniphs o‘f@éllulnﬂyt[b%hfzﬁﬁémﬁblﬁdé éﬂd&glﬂgarﬁseﬁlcﬁn&ﬁ&iyﬁfbl&fas the feedstock
inaliquid nmediu with an enzy w il be

di scussed qulpwa%fé&ghucwia@ﬁﬁ) W?rﬁ%fo HenbA ‘%‘?ge ]Pélc F‘ﬁ’éﬁ‘?tf’ Fga i n which it

has been sgrRhd bl @fdogtfdEnad abhdn@in iitailléistprdubinp bRESSSR Ut @ncRTa@EUCE a
desired pr oduc?i gtoget haflnola (élte 118) tpWhl chis then processed further,
hei

e.g., by dikese inteamp ye disn soipjratep fv"é‘?‘%?é’l‘tylg EHHCaRaSEY WER 8h i s performed in
the same taiy,; ﬁyoﬁ@ﬁ% F"i&’g (ﬁ%ll&ﬁos@%ﬂt‘ﬁﬁ @fd@%ﬁﬂc%@llul@sc%olyrﬂé?' ng vacuum

dlstlllatlon ein steps o his process wl described in
det ai | bel Gellobidse issidestirrsetiblet Ielinked yemayfol gligesgr Fivglly Ffljllohliaaletd%ﬁit ent (step

122) and seht, 0% 8TiALkHINL N RHASHRTARLANR! Blobuts b P tluban e

p, er f mred at vari og: rocess, for exanple just prior to the
processs step(s)Thststenbmwlmhdmﬁmmﬂ‘cohanﬁmnenmll dévend eetispookss as shown. |f

these steps are included, the rocess pananefer. 0 conpensate
for vari abf‘ﬁ%{tvn? ?Pdttﬁ%ﬁefﬁlséoﬁl A" ‘g%nz?m Rt of X EC% ocﬁi’ 3@8%“ bed in

U S. Provi ﬁqlaﬂlf@dturﬁ@njlaim aiidco tonZ@Nethdrediticid, ilﬁelc;emﬂdse nfla}d ‘tmd;ubmatﬁem uary .11,
2009, the coml ete di ure of IS i cor t ed .her y ref er ence.
The ni xi ngc%raﬁc‘ﬂvfﬂ%{i 8%3??9@?#18(@&?‘% f%c Hﬂ Cﬁtéorblép?rg?rﬂ)e d using, for
exanpl IeI tb@nau&ir@amgrmmngﬂanﬁﬂdﬁcct&nfgﬁtlioﬁrﬁ@yaammel udes a tank 136, }mu ch
initially contains a |liquid nedi um.an at xture ;138 o

l'i qui d?fredi um InSewS C3ek SaPTELRAGT? p$@rﬁ1§§3tgaeﬁ-?o ‘*Pﬂ%t ‘ﬁot?uf’é ﬁI%‘H‘fum is
delivered iR Btk stheough a val ved piping system (not shown). The

system al so i ncl udes a hogﬁger 130, i.n conmmunication wth a di spersing unit
134. The hopperltisé?mr@]é)’spr yed gt beifiadlcanceniution s elpeass in WAGUSHt r i ent s,

e.g., fromg, sk lfiﬂﬁ loQnakdayer tlﬁn\'ﬂ)*? @Fér@ﬂeﬁﬁéﬁ' 1%92(3@0WR)¥5@QS035500' at ed

wi th the hopper, to ate “deliver material fromthe hopper. The
syst em al sa0, 80, 90 or even gredter than 95% by weight. Thlb reduces the volume to be shipped,

25  and also inhibits microbial growth in the solution. After saccharification, the volume of
water can be reduced , e.g., by evaporation or distillation.

A relatively high concentration solution can be obtained by limiting the amount of
medium, e.g., water, added to the feedstock with the enzyme. The concentration can be
controlled, e.g., by controlling how much saccharification takes place. For example,

30  concentration can be increased by adding more feedstock to the solution. Solubility of

the feedstock in the medium can be increased, for example, by increasing the temperature



30i ncl udes a dispersing unit 134. The liquid nediumis drawn into the

di spersing unit 134 fromthe tank, and returned to the tank by the

di spersing unit via an outlet pipe 137. The opening of outlet pipe 137 may
be above the liquid | evel, as shown, or nmay in sone instances be submerged
inthe liquid in the tank, In sone cases, depending on the type of

di spersing unit used (as will be discussed below), the system may include a
punp 139, e.g., a positive displacenment punp, configured to circulate the
l'iquid nediumthrough the 5dispersing system and/or a viscometer 141 to

moni tor t he i SERShIMIRE b A SHELGARRS a,nﬂbea(ﬁgcwsea sels‘hememmen t he
measur ed vi scosity reaches a predeterm ned val u | n the enbodi ment

shown in Fhasdutioniven pemdistagnsk af astempmiawéfr@fcﬁotw @hSé) @jEs @L®0°6f otayen | i qui d

medi um i n ﬁ1 e tank, e.g,, via a delivery device 32 having a delivery
conduit 34 %e qg., hose or pipe). The delivery device 32 may al so be
associated wt hRefemngn@FIiChg ajmbasefosmanubctﬁmg dni aicanhel égowhmfol,rcan erial into
t he device. .The X bl r,.configured
o bl o 1 Bt IRee paiealg PRt et e ARk o s M iscar on

renmot e frodmddxep TS iRfort hﬂi(ﬂ@tgﬂﬂteﬁthi‘m&@t,r@ﬂt opisnk Ay ireminp tevierdsscicto LI S t he

FORCE 3 bl ower aval able fro c, Frederic An exanple of a
bl ower SOOGC%ceéﬁ%(‘}%ﬁ CURACGEP m)l i ﬁFCCE‘I‘ré?'mﬁh kfﬂeqﬂ?ﬁ]bé’afg%isﬁart he bl ower
500 recei vestidal e Al fgLBRaifioRIoBChiabe SfoEaal @Oﬂlx@ agdlspeks)onwf@w ng the
material in through inlet 505 via a vacuum 506. \‘Aﬂ ho(lpE% t he
material i §eapoaly vherAReHU st g VA BT ﬁ&ywﬁt%l lébgs Petisiupehudes
rotating aﬁer%taﬁpolonerVtht eRBving if X iRltgRadel 8 $t 1l Been Eh@bEMAL ihBY deV' ce
508 al so sweeps material down through an opening 514 to an a| rlock 516.

Del i very ofolurenéyiest bipprachwcdioriredike p desved aioductine ecthngt @eprl 19al ve 518, The
airlock 5 laiot t el tihalalgfii ne
chanbers é‘%l%mlsr{ﬁé Ligﬁ%?ég(ﬁ)ﬂrﬁ{egﬁ go1)‘6}]g|§S;[lflaj(('))&c(ﬁk1 (nglglzl(ﬁc %de%%é pasgtagelvvay 524

t hr ough whpaferméd inthasameftandras aaccwﬁigatgmsaed fainentgtignp kg, (#g VasH@@n) i nto an
outlet tub e [ F t he

mat eri al t%Stglﬁagg%aggeégég\Y\g?Misﬁg %féﬂuts Pdia 3 S‘J]lﬁbeﬁ%)sﬁgg&aﬁﬁaﬁﬁg?lgwﬁfpm into the
out | et 1% ubdesasd, ﬂmmp&ef mm;:rimglgmmcqnteat:@teadjza)wdbettmeorpdssm@}wagﬁbb The
rotating vanes 52 tatesffl |l oW y.that e isin
position alf %QFFP?S{‘ 262%%‘5’6 e§ﬁ§ éﬁé?‘ge%%ihﬁgfoc% a% am% %tl on of
mat eri al  apgbrao merpto&bsa sepRYadcdod ctainge the stndalrt uithe teetignda, ash;howmt Ifet t ube.
Thus, alternatin s,of air and material are delivered to,the outl et
Lube nis. ¢ HOw SARE BlF A B E oGRS PHE COU B4 BRCIR AT ar BTG ¢ e
long, the pmBhen rﬂxﬁc@%t@ftﬁe e dstockEisalebdiBed el SRRTisdhalanglikeiepi ng it novi ng
snoot hly through the out]let tube 30to the tank. The raterogf rgtation of the

rotati RYy nEHBEFS{IR1TRS fﬁ?ﬁ hruaghbl - 291, dhercpaplets dsclogug Bgt her and.

can be var{n@&ppaétcgm@reglsfg,rmg%@@l on the feedstock, the length of the outl et
tube, and other variabl es. Al ternatively, the materi al can be

del i vered to thEheguixingstepdf ] erreiereharityingsiteng! 14tchebe paORReGUES, fEuch as
gravity fegd.ofc Fl"e siﬁ%‘ﬁ\é\ﬁ&zﬂﬂ\ﬂ%@r?} ﬁl{]sy%feﬁﬁnélms%mﬁ@%'\pﬁ@h infth@ytank is

provi ded wt al r perneabl € cover, or other device configured
to allow apontmns a/leqvid mprbmntahélateankntdman@mllﬁ&eflwmf mediemf wedpsackck, whil e

PT eventzls ng fde s?lgc%&lgﬁrlﬁl a'égﬂp Lﬁlg Wpﬂ@m%iﬁlm gdélnf%r&ﬁ@hlemltﬁrouﬁpemra%gdnam s from

entering t ?In
piping system (not shown). The system also includes a hopper 130, in communication

with a dispersing unit 134. The hopper receives dry ingredients, such as yeast and
nutrients, ¢.g., from a supply 30. Optionally, a vibrating device 36 may be associated
with the hopper, to facilitate delivery of material from the hopper. The system also

30  includes a dispersing unit 134. The liquid medium is drawn into the dispersing unit 134

from the tank, and returned to the tank by the dispersing unit via an outlet pipe 137. The



As the Feedstock material is delivered through delivery conduit: 34 onto
the surface of the liquid in the tank, liquid is discharged through outl et
pi pe 137 of the dispersing unit 134 onto the material. The discharged
liquid wets the feedstock material, causing it to sink into the |iquid,
where it can be dispersed by the dispersing unit 134, preferably in
conbination with the mxing action of a jet m xer 144, discussed below It
is generally preferred that the dispersing unit 134 and the jet m xer 144
are 15operating when the feedstock is delivered through the delivery

condui t. |5.a0 a%&&regﬁ%é Y& rﬁﬂb&ddeW%e lifhe 1RepRahoWBbrhegeh ies Feedst ock

t hat has been reate o0 reduce its size and optlonally to reduce its

recal ci t r angancesbagymerped drffe hapd Wby Bk plp same sxas sRaedise op Rt modul e
132, and th éf'sﬁfggxalitgﬁéﬁ dg§wﬁﬁ5é M&LEedd bQod Nehels gﬁgm‘r'ﬂ@ iQRRE pudpQ39, The

f eedstock a fumare drawn nto t di spersi ng un|t 134 20from
the tank, agda pdsetwﬁ:el@dbcmﬂnt penglicepfegusaddo pinculdiethe liquid nedeen thrueb thy. , wat er,

by the act (!119 rs(?rI e&%}g E%isc&aé{%’ 141 to mtomtor i \;?&Bgta’et{fgl%pe &EO?I anél-

saccharlfyl Tgel tvere o the tunic from 140, which
i ncl udes aadtleatetherpgm@mhcndlem@sura'dmswelmst emlss ofreti¢terntizadkvalce ni xed, e. g.

by one or nore . r r. e tlcally
in FIG 3: 25exlhﬁ5>|eé’§b° ‘Imeélmhf’gﬂlm t% trlﬁe xeéaflsémk ?Fé’lgéﬁgtéo {(i:{? IE’%;Z%E ?{rﬁlmget ail

bel ow, andthafiguiadh&oiveleiaciid ted eigh vL'i aSleliRrg deviéci2etavidppldetiaty comdhio 34

61/ 218,832, filed June 19, 2009, the full disclosu i s hereby

i ncor por at & B‘Qser‘gfp&f’éni}@ %ﬁyfér?’ﬂe“% Bt 2133 BESASSOGI égd%lg'sa‘ﬁtﬁa Y€ using a

ot or 146 ghak 3dr o Faslitae PRI anerarl in® thel&ice( Mat dahewaemca'hemapmue exerted
by the notor 146 correlates with the solids, |evel the xture in the

tank, Whi chT PRI A blaster eaigursd tq HewdBgrisand/er Rﬁmceﬁtet RESHLEM & has
sacchari f t §flrce 108 IJCQt'i(ﬁIM‘@mbt% HHRAGH QL dWrodgh PROE:. |1¥1§1ﬂat119&810v¢@h| ch sends a

signal to a notor 150 t drives the conveyor 130 and also to g

net ering dwhé%thﬂ@R&E llPiéWPwpléafblelﬁ@n IUF?ﬂJEfed?fllfé‘ gﬁ]ﬁfﬂd9 O7 ck4erle Peat ed
feedst ock g 'ag, L48 i€0% nbaet RERS NYPhep ?&%oﬁ%m@%ﬁm%%s@) febidsi on of
the saccharification o t con ents of the he data neasured by the

t or que 1AroningrialdEmm ah@tﬁlb@ou@edo‘t@ gady depwinghide prateripd indrovah ialet Hweria RPM f or
a mxer that, Wtildzes, mgﬁ q‘¥opp8r th Thafe hpg\ﬁé B‘neﬁa\f Ilﬂﬁ]‘gtaXOJagﬁ

punp-driven mxer. lnste |na |t|o nitor, the
syst em may dévire] 508ewldch injpdesontating ar(m 60 mltmmi;mgt 1héltex1hba@ddle‘85 2hdbful | toad
anperage of .the

oTper 20¢ Ol T8l FOIR 58550l BTl L L A 2ol
syst em nmay Dali &y ofadterthe tathb e@bcliBmdtaed §ynoplasoowdye § IrSatThmamlotcbﬁ ¥ the
20  includes a plurality of rotating vanes 520 that define chambers 522. The lower portion of
airlock 516 includes a passageway 524 through which air blows from a compressed air
supply (not shown) into an outlet tube (e.g., delivery conduit 34, FIG. 3). The vanes
sweep the material to the passageway in individual portions, which are blown into the
outlet tube as soon as they are in place adjacent the passageway. The rotating vanes 520
25  rotate sufficiently slowly that each chamber is in position adjacent the passageway long
enough so that both the portion of material and a certain amount of air are delivered into
the outlet tube. Thus, alternating portions of air and material are delivered to the outlet
tube. As the material passes down the outlet tube, which can be quite long, the material
and air mix, aerating the material and keeping it moving smoothly through the outlet tube

30  to the tank. The rate of rotation of the rotating members in the agitator and the airlock is



i ctenperature of the liquid nmedium and adjusts the feed rate of the

feedst ock ander the m xing conditions in response to increases in
tenperature. Such a tenperature feedback | oop can be used to prevent the
liquid nmediumfromreaching a tenperature that will denature the enzyne.
When one or nore punps are used in the systens described herein, it is
generally 15preferred that positive displacenent (PD) punps be used, e.g.,
progressive cavity or screwtype PD punps. The sugar solution ic inocul ated
and feimented in the same tank used for saceharification, Generally, the
oxygen | evel dutd-ngr {RraRBL &l By Hqlld08 R ﬂ'e@(lshﬁg th@leBgth oP¥heMONI t Or i Ng
t he oxygen | evel” and venting the tank or aerating. the mxture as 20
necessar y, outlet tuke, andetheresrizdést e to nonitor the |evel of ethanol in the
vessel, so thatAlYg%ﬁv%}Q%@ﬁlQéH@ %ﬁé’&!hv%@{d}ﬁ%}s&ﬁl@é Ofthd R&id G&ﬁ?&h&“ on
process can be stoppe eating or the addition of sodium

bi sul fit e.tcGanpreglsioh, aSjgeﬁVltyrfecdngaMI:memrdurl ng fernentation, using the
same equi pnent .descri b n conpl et ed,
or conpl eted tolngoraeelsr?prg %?a?‘éﬁs %he t% mgﬁgé\t%at @lteglueb%ugﬁﬁe&%., an

al cohol suaehlcasr @hdrainoike consﬁigumli toea:tloe/ohutry vehitditoin] thatanb Idul‘lI% &figery lof {he

distillatipn, is or ned. us mdlstll at | wn

di agr am’ratfﬁ%fH§ eﬂeﬂraen@gf%(gt?a]ﬁﬁ li)ijl'lp%?'ilté)n fieda pre er (rzoe% I%té%nz%se it can
be perfor nBshmabtetinbst @aki al | y anbi ent tenperatures, and thus the nutrients,
enzynmes and/ or m ¢rQor gani Sns resent e lank w ot be damaged by
distillation arff 'g%ﬂ?? B%%qué%‘ii IS%W%?J&F%{;@@W%@&H#% gtqnfqtﬁfl on is
conducted affade &ftﬁ‘élf&gf@m(lﬁe ﬂaﬂs$1qﬁ1ﬁ@@d1§o'§@rg1@ﬂ1mlfgh9uﬂet|pQﬁSI317 bﬁthe 125 100 80,
70, 60, 50, 40, Err 30 Tor, or even |less tha Gener

pressure sHeRFrEGEISkH oRE;thhmpigrisloWhe @S‘é’@r&eé hﬁ‘l“@\Y@Fﬂth? %F‘?‘ﬁ%&& %’\a ’an
azeotrope QafusM@{t% sifi0thid 1€ 11@1'118 %ﬁblre it Eeﬁf& (ﬁ‘:lpbﬁ!:d‘%t hBQishienpaad130 | ater

renove water fromthe al cohol . g. mol ecul ar sieves. A suitable
tank 160 amfeibbticpmbingkonnlt the BDving @Ct@hé\f/\meit AREr &4, gisqusserbliflo™: 60

Sincludes a | agIESI r@fgeéylﬁéﬁ'gﬂerré@tﬁatttﬁ@als]ﬁ%ﬂn%)ﬁug 13uiady ﬁl%?ét%qxerQ4@ are W th water,

to maintain a erature wt vessel and a cover 166 that
i ncl udes aopcang whpothe fqe@&Odw@ deliveend thronghsthe H¢1tqughcommlt:h mat erials can be

del ivered. The I(r:loveftema 9/3%' ?%m@ﬁt tﬂ%%g%p%g' &es@gedgmgi]t?l%tf%}f_ﬁeg is Mfluid

communi cati on w th“con t1on uni product of
f er ment at i oeatedeto ged,ucettsrmz:mind opmmlhﬁtmemeutheecvlartnannn(sthpsoldghn(td)lleU| t 172 to

ooy Bl SR e Py RIS Bk YR R T Pyt
than 55, 50ia hdfper 030. EMRITedde®ek iddidiyudlnddifrh essirdviraintaliBe dﬂiﬁbrsu?g urot 134, 5' C) .
Dl SPERSl NGfrg\Q[t)hel\{la I, lg,lr?d the feedstock is dispersed in the liquid medium, e.g., water, by the
action of the dispersing unit.
In both embodiments, a saccharifying agent is delivered to the tank from a hopper
140, which includes a metering device 142. The contents of the tank are mixed, e.g., by
one or more jet mixers. A jet mixer 144 is represented diagrammatically in FIG. 3;
25  examples of suitable jet mixers will be described in detail below, and are also described
in U.S. Provisional Application No. 61/218,832, filed June 19, 2009, the full disclosure of
which is hereby incorporated by reference herein. The jet mixer produces a jet using a
motor 146 that drives a pump and/or a rotor (not shown). The torque exerted by the
motor 146 correlates with the solids level of the mixture in the tank, which in turn reflects

30  the degree to which the mixture has saccharified. The torque is measured by a torque

monitor 148, which sends a signal to a motor 150 that drives the conveyor 130 and also to

10



15Di spershig Di spersing unit 134 may include any type of dispersing
equi pnent that wets the feedstock with the Iiquid nedium Many dispersing
units include a chanber and a rotor in the chanber positioned such that the
feedstock and liquid nediumare drawn towards the rotor axially, and forced
outward radially to the periphery of the rotor and thus 20 through the
outlet of the unit, in the manner of a centrifugal punp. Dependi ng upon the
construction of the dispersing unit, a back-up punp may be required (punp
139, discussed above) to draw the fluid through the dispersing unit at high

Vi sCOSi ti e§e moRMiRg BLIREMS bPhe UBHiS 14, ETHRONEL Sl OF tHeGrefieN RkAkIERY i gh
static fluid pressure wwthin the unit; when such units are used a back-up

punp is getherrdymg cabe inseupicdand 2T gy fespproldhe sodiritigntior obithgper si ng
system 30000('? nﬁ%‘?mt k. ThGRata B dbred Hiehe t%y%%te B AENEH 8ls68c LU A ddy@kY | ow
suction, and thus a back-up punp Is typically used. Dispersing System 300
i ncl udes athe @t eiixerrege. 50 A IB0G2 RRM toh a oaxer thet eiilvzes § eveserdek [gwansta | ar ger
hopper or bag.(not s .ot her . i i Adi. spersing unit
301. D és)pe¥°2‘?°ht8 Ui p[uq%\@vfﬁ(%T’geé'egmaeg(ﬁ%grielﬁg@(gg%ﬂom%l?(E:%!l&@ferﬁ(%ﬁtggﬁ% di spersi ng
chanber 30§ sBM(irdyGnelbdy) an Aamp inguitat (heotlseewi 0Byt measiodsitiosfullidadtanPt@e¢ 6§ G, 5A.)
and. a

in communi cation with the bjn. 302 outl e 2. The .dj ng system
300 al so iﬁg mgo&\f%so%tCﬁengwe? REET Ry {}’E‘Q‘defl H%na(tgll%%e@?l %‘}%g"‘&énf‘fﬁ@é , a user
control i nilRkf @€ epedd 6f thamdtor tdbeesifustedzed unit 318 that hel ps to maintain
the integrity of seals wthin e dispersing unit 301. A val ve (not shown)

i s di sposed bet WESKSIER&Y & 8?‘1?5“21@ ag‘f’ﬁnf%‘ﬁoraﬁat#‘ﬁ‘@n)stgiﬁin&gntf)ﬁltge[ 310 to neter
deliveny OferdpB@tus@bfitRSlidud tb&uMifPedi8dtiYe Bt tratSOHihe feedstock BR&/ot Mt er nal

structure of the dispensing unit 301 is shown in FIGS. 5-5A, A%er passi ng
t hrough soMidRE GoRAIEENSIRAeSPPIE ISHPICREs WrieMABHEE- F8dhsrieBi afredager 320 as

the sol i ds|ogp eaCfsaftogikvM thdBqdid SiidmEReFchfiind MeAYBRkd @b wiili nl et 308.
The liquid and solids are then m xed by a series of m xing paddl es 322, and
finally bydenawptibe egyme(shown in &ad in FIG 5A) which is disposed in a

rotor/stator armgﬁm}n&%@sﬂs}[ﬁ s8d IRe sc}jsgﬁls\ﬁ@éﬁhbm hefrjél?g, iﬁg?%@d’ﬂy:goa Thi's

series of mxing elenents e solids wth the [iquid, at increasing

| evel s 1of pile&aned thaepasitivie digpiapenzens (P3Bmamps b Wspd frermyesiesys ceNyer si on
exiting through t Qutl et 312, The inpeller, by the Venturi principle,
creates a fcé‘?“gé‘/l’ﬁr@@ suu%rpg' differential between the chanber 306 and the bin
302, whi ch dr avBheaugacolutivraindhdchiaed hed fssmémeddn dw saime tamituegd fat from t he bin

into the chanber.. 15Anoth ui tabl e di spersin (St i wn in
SRR T M B e bRl G S R S

W | mi ngt one gNey tlonf@tnglthad@ygemides ahdeentinade nairer GBiROBOmbDIisper si ng system
400, as supplied, .inc]udes | i qui.ds tank. 402. ver, if desired the

rel ati &l yggﬁﬁ*‘iy' ’a‘ﬁﬂfsﬁg%lrﬁgﬁ t%@OlB?ﬁff‘%egﬂveéﬁ%%ﬁaﬁmﬁ@WaYeﬁS&’sPO g\ﬁ‘fvheél system

pi ped int o4R clah@dvet Bipkns t&d@p theaBridAeitish pioddss val BiBeophadie.of Hothesthgwn) .
System 400 20al so i ncl udes a solids recejving funnel 303, fa di spensi ng unit
401 i ncl udPiige addiinrsqfseding PismHis ngensradly Gt ine OPiRUcE AUS PR AEP M housi ng

304 di scusggl, APOMEe efhignOlcsélittd aBowtser control interface 916, and a
pressurized unit 418. The pri mar%édi fference between the dispersing

system 400 and When rmspesionigs 8ses cenpi8hd, qricempieisdine desiFe@pHan 8¢ ruct ure of
L1 12 R 9 b T 2SI st |
Preferably, distillation is performed using a vacuum distillation unit 151, shown
diagrammatically in FIG. 3. Vacuum distillation is preferred because it can be performed
at substantially ambient temperatures, and thus the nutrients, enzymes and/or
microorganisms present in the tank will not be damaged by distillation and can be reused.
30  Preferrably, vacuum distillation is conducted at a pressure of less than 150 Torr, e.g., less

than 125, 100, 80, 70, 60, 50, 40, or 30 Torr, or even less than 25 Torr. Generally, the
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i npel l er and generates very high static fluid pressure within the unit. As
a result, the dispersing unit functions in the manner of a centrifugal
punp, and a back-up punp is generally not necessary, even at relatively
hi gh viscosities. The rotor 420 draws the liquid fromthe tank into
chanber 406 through inlet 908 at high suction. The liquid and the solids
(entering through inlet 410) are drawn axially into the rotor 420 at high
pressure, and exit the rotor 420 radially with high velocity turbul ent
flow that disperses the feedstock into the liquid. A substantially

horogeneoug..di.3 @ﬁ(ﬂﬁd Mu@ﬁgléﬁly 1&e b&mg’ﬁf%fverﬂ i@ rfAs @ftan‘l\%e%tﬁﬁgoﬂ watdlel i vered to

the | ank foor saccharifieatio di spersing system 400 ﬁ be operated
in vari ousandrjhm@coheb(dwpble@n@tﬁngvtm @Wdyalraer st Wafer frpieghe sicgng © In FIG

7, the dis is fed by |loading the feedstock into a hopper
422 t hat |§E%%%%gg%ﬂh}maﬁé solids inlet of housing 404. A valve 424

controls delivex yuitableltdmk lﬁ@:eldisdwidlatwmumhk&dtr@srhewsum@IG,lﬁAt Tagk 160The

f eedst ock can be .| i r I e dg.,

manual 15, DO ORETor pradRalTE S dul ol gl AREL D e,

f eedst ock d®irslteinpanact voittin of vasshlagldcnrcobeﬂ 642t41t usludep eavazzmsnr pakit d>618 wand 426.
In this case delivery o e feedstoc ntroII trolllng t he
rate of su¥i% gff‘ﬁrﬁﬁns %FH%I}W iep Hﬁ&é‘?ﬂéﬁ?"s V‘Hsd Srover 188 ap%hnc gedst ock may
be del i ver@diel gort 17®, hisP&/is F0W ddﬂllrﬂunib@tﬁﬁd muomhmt 072 dfmiicedistlLtieninit and the
drspersrngH%ystenrnay g run in a re tlnﬁYﬁ} "once thrgu nDde | f
desired dibg peadustieg fgm ’Fméﬁnegb@ ﬂ? &;farn erygegt hrpyeh ©

sacchanj fi epthefhderfet €14, 4R Rikétad indi PAESILAVIAATHAANE cmmyereﬁlcbanJ et M xing
Once the feedstock has been substantially drspersed inthe liquid, it may

be desi r abPeconfetred i@ refirtainike EMBFAMES WHIZ PSvarelat Fstidan &-m0xeh O hat
requires '8%ﬁk%@ﬁl9¥0EQE&%9&PT§h§“7H?%SQQ Particul arly advantageous m xers

for this purpose are known as “jet ‘mxers." In general, suitable mxers
have in comon that they produce hi gh velocity crrculatrng flow, for

exanpl e flgyebppay iRid i ptical pattern, Cenerally, preferred
m xers exh at e. Preferred nlxers provide this m xing
actionini th relRispeesingl ow ener gy consunptron is also generally

preferred that e, mxer, PLOdUCE Zorel At el rggg@? Lo Qo heat | ng

of the liquid she I ous ect t he
sac. chari f fetgochgathtthd b)c[uldﬁnedlomr gmiyslrmemng umts incltideen dmmbercn‘ndfaeotne ntation).

pe ] Sedlecussed Lo detall ehon o it ag s dipplne
or inpelleme r@tBﬂaxﬁd]l@l’latﬂKB@l:d sheandirxdialtyero ftiequeripley of tié Rgorahément t hr ough an
outl et noztzhlrc?ughl-lbe outlet of the unit, in the manner of a centrifugal pump. Depending upon the

construction of the dispersing unit, a back-up pump may be required (pump 139,

discussed above) to draw the fluid through the dispersing unit at high viscosities. Some

dispersing units are constructed to generate very high static fluid pressure within the unit;

when such units are used a back-up pump is generally not required.

25 One example of a suitable dispersing system 300 is shown in FIGS. 4-5A. This

system generates relatively low suction, and thus a back-up pump is typically used.

Dispersing system 300 includes a receiving bin 302 which can receive feedstock from a

larger hopper or bag (not shown) or other source and deliver it to dispersing unit 301.

Dispersing unit 301 includes a housing 304, which defines a dispersing chamber 306

30  (FIG. 5A), a liquid inlet 308, a solids inlet 310 (FIG. 5A) in communication with the bin
302, and an outlet 312. The dispersing system 300 also includes a motor 314 that drives
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30circul ating action, and the high velocity of the jet exiting the nozzle,
assist in dispersing material that is floating on the surface of the liquid
or material that has settled to the bottomof the tank, depending on the
orientation of the mxing element. M xing el enents can be positioned in
different orientations to disperse both floating and settling material, and
the orientation of the m xing elenents can in sone cases be adjustable.

For exanple, in sone preferred m xi ng systens the velocity vp of the jet as

nmeets the anbient fluid is fromabout 2 to 300 nil's, e.g., about 5 to 150
[)ﬂs gr f‘bgt(l’)lg Eh%per&%&rgp}dﬂ Buserl &ﬁltrgpi\‘}ﬁffa&oﬁ%udmtd Bs@fzed it MexhiGeHYySt em may
e abou 0

?, to 570 KWor 50 to 500 KW for a 100,000 L
tank. Jet tmmalmgnthw@wetgo mlsd?@@h@? gispesfinguy e Agedvy @et shewn)ds nunber of

subnerged j;ef; ? iRfwdh %1%?1\91?8%1){ 3{12 ﬂlﬂ:tflle I0Muintt Bl dHondiBHetiBry bftnt hi s case

the m xture | onass qui d nmedi um and saceharifyi ng agent.
The j et ofsolidgitit paeesingangs0ihe fluid medium with its energy being

di ssi ed b r b n S
assochat ed w t it HGEMSGuaNE of BlRbRlsdertyi B Ele S BIBSDESENGRS | i 1
accel er at eghssimglthenigh mlrdsmhletdﬂ@, thd@lifesre iﬂoawl donimtviard by &0 sigeoi?fas theent r ai ned

flow increa as .th from t he | ch, nmonment um
of the secsé)ﬁ1 AR R K] %1b§rt§eh€ ‘genéegﬁlg PP%/ h({; geﬁ% ﬁl lﬁ %%ﬁg S(;ell_@gands as
l ong as thge fHeﬁ\MlﬂQlQ@ aIb@ixest'&mﬂng\@iddlesBDthd ﬁﬁal@tﬂyearrotmbsva(sh@m ifhe | onger
the flow c n it.hit stacle, the r.el' uid i

ent r ai ned fo1 ﬁé} %@%ﬁ%’dﬁ §Jispqss nﬁ‘yﬁtﬂr}éﬁg’f ﬁ‘éantgﬁ@elﬁﬁavu‘felt%\ﬁ% Wdtvﬁ‘zl tank or
vessel 40 Wignhd £haBiBE030R! Eh saitsQPSfi:asd EemtNewse aRneidsywyitd tﬁwlqmﬂ |at| ose
momentum nore or | ess dependi ng on the geonetry of the tank, t he

angl e at WRFERIHEVEY PRI ERGEE ‘Qéé‘fbsfaﬁ"éa”dﬁé’fn&&?@ouﬁ 1sqer§10g§ﬁg}ng| ly

desirabl e ih‘ébugﬁ HRMutln@2) ehSinBRELOy tﬂ@sﬂeﬂtﬁntphﬁaf)l@rﬂ?ca‘@& allat pRygkaul i c
| osses to the tank walls are mnimzed, For exanple, it may be desirable

for the ta@iﬁfeltebﬁafiévf@/eelhthaﬁ@mdleé3wn@éhﬁ1(1@3@12 WhaChdjé?WYﬁéa‘dBP%ﬁ@)‘s and for
the jet mxe “ptﬁ L leBRt &%‘bﬂhh%%é/cl{%h{%%[e to the sidewalls, as shown

in NG 11A e ttom ower plate) may have any deS| red doned
confi gu$ati on, @rothmyultﬁéveiwprsmglsvmm é@ﬂ is ghovereio ot 8 -8.g Bl prststopn is Jet

mxing di ffo%mﬁer&amvfga%le YRR AR] woh b, JoARLaldil lashd o X 1o T

that the diiVi ICc rathe n nechani ca I nst ead of
sheari ng firadedamdmrmpél Dlspgsmg swatenuf), thappliodi ngludessdejujds dang 482.mec hani cal

R N A T C e L
result is s)hearplﬁédl itfod: laxged tagkd, e &, wnh thdudrial volutreuhrat (netrsho win). (Slystam)400 he tank
20  also includes a solids receiving funnel 403, a dispensing unit 401 including a housing 404
having a structure similar to that of housing 304 discussed above, a motor 414, a user

control interface 416, and a pressurized unit 418.
The primary difference between the dispersing system 400 and the dispensing
system 300 lies in the internal structure of the dispensing units 401 and 301. The
25  dispensing unit 401, shown in detail in FIG. 8, includes a rotor 420 which functions as an
impeller and generates very high static fluid pressure within the unit. As a result, the
dispersing unit functions in the manner of a centrifugal pump, and a back-up pump is
generally not necessary, even at relatively high viscosities.
The rotor 420 draws the liquid from the tank into chamber 406 through inlet 408
30  at high suction. The liquid and the solids (entering through inlet 410) are drawn axially
into the rotor 420 at high pressure, and exit the rotor 420 radially with high velocity
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contents efficiently. Referring to Ha 9, the high velocity gradient
between the core flow froma subnerged jet and the surrounding fluid causes
eddies. FIG 9A illustrates the general characteristics of a subnmerged jet.
As the subnerged jet expands into the surroundi ng anmbi ent environnent the
velocity profile flattens as the distance (x) fromthe nozzle 5increases.

Al so, the velocity gradient dykir changes with r (the distance fromthe
centerline of the jet) at a given distance x, such that eddies are created
whi ch define the m xing zone (the conical expansion fromthe nozzle).

In an ex p%fb'ilﬁﬁ@ Rdw ﬁlﬁﬂg%e%tes Re subaEIasd t}heeﬁqui(p Rbbstahiglyhemdbdsorfl Whi ch
are applicable to any fluid, including water), Al bertson et al. ("Diffusion

of Submer ghthepisngxits fba geamlbpypie outhgid2 argge delypreditethp t@EkdPmeer s Transacti ons,

Vol . 115: 65:39ch?§1¥cat131?50 at p. 657) devel oped di nensionl ess relationships
for v(4,0/vo (centerline velocity), v0),,,A7(4,0 (velocity profile at a
given x), (1,, ,ﬂhﬁﬁlspérklog\ﬁsem%ﬂmhe)ope@m iFyayeos (nedesr gypmpkvangehight h x)

() aced ot Ao BROS Fanl 7hE b P, ¥t odtsing fpifadffs réol 0RGhE Y Profile

feedstock into a hopper 422 that is mounted on the solids inlet of housing 404. A valve
424 controls delivery of the feedstock to the dispersing unit 401. The feedstock can be
loaded using any desired delivery technique, e.g., manually, by conveyor, pneumatic
loader, or the like. In FIG. 7A, the feedstock is suctioned out of a bag or bin 424 using a

10 suction wand 426. In this case delivery of the feedstock can be controlled by controlling
the rate of suctioning. Other arrangements may be used.

The feedstock may be delivered to the dispersing unit continuously or

intermittently, and the dispersing system may be run in a recirculating or “once through”

mode. If desired, the dispersing unit can be used for mixing during saccharification, after

15  initial dispersion has been completed.

Jet Mixing
Once the feedstock has been substantially dispersed in the liquid, it may be

desirable to turn off the dispersing system and use a mixer that requires less energy for

20  further mixing. Particularly advantageous mixers for this purpose are known as “jet
mixers.” In general, suitable mixers have in common that they produce high velocity
circulating flow, for example flow in a toroidal or elliptical pattern. Generally, preferred
mixers exhibit a high bulk flow rate. Preferred mixers provide this mixing action with
relatively low energy consumption. It is also generally preferred that the mixer produce

25  relatively low shear and avoid heating of the liquid medium, as shear and/or heat can
deleteriously affect the saccharifying agent (or microorganism, €.g., in the case of
fermentation). As will be discussed in detail below, some preferred mixers draw the
mixture through an inlet into a mixing element, which may include a rotor or impeller,
and then expel the mixture from the mixing element through an outlet nozzle. This

30  circulating action, and the high velocity of the jet exiting the nozzle, assist in dispersing

material that is floating on the surface of the liquid or material that has settled to the
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(3) Flow and energy at any x: 41Do(10.22) E, where: 1/(r= 0O)centerline

vel ocity of subnerged jet Ira/s), velocity of jet as it energes fromthe
nozzle (ms), distance fromnozzle Itn), 10r", distance fromcenterline
oljet (M, Do.4dianeter of nozzle (m, flow of fluid across any given pl ane
at distance x fromthe nozzle (lief's), QO low of fluid energing fromthe
nozzle (ni3/s), energy flux of fluid across any given plane at distance x
fromthe nozzle (nB/s), EO= energy flux of fluid energing fromthe nozzle
(rtis/s). ("Water Treatnment Unit Processes: Physical and Chemical,

David W Hepdhidtks, tdrﬁg:"@ep%ﬁcﬁﬁéorgﬁg@nerﬁatloﬁ%}lth)e m]iﬁ»‘itn Bletleftd Misinglehieatsl ar |y
cost-effective in Iarge vol uime (over and | ow 20 viscosity

(under 1, 0B be Peyjticappin ¢iEeerfpsientpions & éﬁwe%gmrwa% HHEABES that in
nost cases,y J?H:HQ'LI&{ of TRL I(ﬁf)il% eilérﬁ'é?ltd &h it cafiRbe RGusUTEr ged, eO% , When

a punp is ‘Use I'S genera ocat ed outside the vessel.
advant age of j é'*lor eriagipheg in mefpatferrdianizagpeteandihe vdecitie ofi¥Biie At MEStE d (ot her

than di 3¢ theatgl?ig%t;’:ffu?({ns ﬁtot}leab%éf 7 to%BO Erpf e.%? %ﬂ%u‘? 5 tcyvhﬁ)r $/s P8t (Y% 1§ some

| ocal i zed
m/s. The power consumption of the mixing system may be about 20 to 1000 KW, ¢.g.,

30 to 570 KW or 50 to 500 KW for a 100,000 L tank.

Jet mixing involves the discharge of a submerged jet, or a number of submerged

jets, of high velocity liquid into a fluid medium, in this case the mixture of biomass

10  feedstock, liquid medium and saccharifying agent. The jet of liquid penetrates the fluid
medium, with its energy being dissipated by turbulence and some initial heat. This
turbulence is associated with velocity gradients (fluid shear). The surrounding fluid is
accelerated and entrained into the jet flow, with this secondary entrained flow increasing
as the distance from the jet nozzle increases. The momentum of the secondary flow

15  remains generally constant as the jet expands, as long as the flow does not hit a wall,
floor or other obstacle. The longer the flow continues before it hits any obstacle, the
more liquid is entrained into the secondary flow, increasing the bulk flow in the tank or
vessel.  When it encounters an obstacle, the secondary flow will lose momentum, more
or less depending on the geometry of the tank, e.g., the angle at which the flow impinges

20  on the obstacle. It is generally desirable to orient the jets and/or design the tank so that
hydraulic losses to the tank walls are minimized. For example, it may be desirable for the
tank to have an arcuate bottom (e.g., a domed headplate), and for the jet mixers to be
oriented relatively close to the sidewalls, as shown in FIG. 11A. The tank bottom (lower
head plate) may have any desired domed configuration, or may have an elliptical or

25  conical geometry.

Jet mixing differs from most types of liquid/liquid and liquid/solid mixing in that
the driving force is hydraulic rather than mechanical. Instead of shearing fluid and
propelling it around the mixing vessel, as a mechanical agitator does, a jet mixer forces
fluid through one or more nozzles within the tank, creating high-velocity jets that entrain

30  other fluid. The result is shear (fluid against fluid) and circulation, which mix the tank

contents efficiently.
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25i s increased only slightly if at all. For exanple, the tenperature may be
i ncreased by less than 5C, less than 1C, or not to any neasureabl e extent.
Jet-Flow Agitators One type of jet-flow agitator is shown in PIGS. 10-10A
This type of mxer is 30 available commercially, e.g., from WA under the
tradenane ROTOTRONIm Referring to FIG 10, the m xer 200 includes a notor
202, which rotates a drive shall: 204. A mxing el enent 206 is nounted at
the end of the drive shaft 204. As shown in PG 10A, the -fixing el ement
206 includes a shroud 208 and, within the shroud, an inpeller 210. As

i ndicated by t h@f&ﬁﬁ@ﬁl(}%\% tipevdi e lokarlent et @hakEbrd flow BSm'd or war d"
direction, the i er 210 draws liquid in thro‘gh t he open upper end 212

of the shr@b@e@ﬁ@wr adctbe surpanding id censes eddpcadgl- VhElsEER hosReend 214,

Li qui d exi tj,pgBRs 88 fsibset Sé?eAE ﬁferﬂllﬂfler (%Qﬂ &Baﬁﬂ@h@&{h@)&utﬁdn@ﬁ\ or jet. If
the direction of rotation attic i is reversed, liquid can be
drawn in témigerghntitpamienitbs vadordty 21ofi aﬂ@@@ echedsteredugion He ngpper end 212.
This can b %Hﬂ! b, hé??t% @Tfonf fh@ati ng near or
on theag;ur %%%S%ng{ﬁethie% ul %lrarqgegt nk 0 °§§stseﬁ nl s noted that "upper”
and "| ower entedfrerof the jttha a@vmrﬂ%ﬁ@n sofh ﬂhat@dmc&w cieptei@hichglefindiée mi xer may
be oriented.in z%ntﬁ k S9 fex 10nefrO 9% e is 10bel ow the | ower end.)

The shroud” 20% U P APy Areas 2 18 ard 218 adj acent its ends, These
flared areas arle ab@kpmmdlthlcstmwﬁfmlsbhmerged;éthxealgemerreddlty of ohwhdaé fI ow t hat

i s obser ved this f .m xer e geonetry, t he rou

i npel | er af C?: ﬁ&‘b?ﬁyrfL‘{y@ ipqiieipg W\ﬂf‘irhlﬁ’eé ﬂ?@%al\;epgé\sﬂ) °§§? |ng

rel ativel yjekQvppeverno ComsUsHs. bﬂOwﬂﬁ@fn@ér@ﬁﬂiﬁba}étlodshﬁolc|l53639%% besoyeen t he
shroud 208 and the inmpeller 210 is sufficient sqQ as Qtﬁo av0| d cesswe

mlling of attpn@SHﬂe@ﬂpa?d digepsioplgssieiationplyngor vAd-akr GeRferHS Ve 5}% e, the
cl earance Lhg aver aeey g{:}fat his k&) Snde, the solids
inthe m x?ﬁ X e?@étgl ygfélt%bfr?%v Qog/el mes. In lsoma)l rlrlpl e;rzri;ant ations, the
shaft 204 [@ergymhamﬂ\ekﬂhxb al | ow gas delivery 20 through the shaft For

exanple, the s bore (not shown) through which gas is
del i vered, and I)]gexgt?"l%%lo& ’f ﬁgééﬂt"hr ough which gas exits into the

m xturgs The orifices may be within the shroud 208, to enhance mi xing,
and/or at other locations along the |ength of the shaft 204. The inpeller
210 may have any des{,(peob)g,eorr%tzry that will, draw liquid through

v D

/] o

(2) velocity profile at any x, v(r)x/v(X)r=o:

20

["(’) ] 0.79 - 33—2
v D

o

(3) Flow and energy at any x:

30

9. _ x
0, 0.32 D, (10.21)
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25 the shroud at a high velocity. The inpeller is preferably a marine
inpeller, as shown in FIG 10A, but may have a different design, for
exanple, a Rushton inpeller as shown in FIG 108, or a nodified Rushton
inpeller, e.g., tilted so as to provide sone axial flow In order to
generate the high velocity flow through the shroud, the notor 202 is
preferably a high speed, high torque notor, e.g., capable of operating at
500 to 20,000 30RPM e.g., 3,000 to 10,000 RPM However, the larger the
m xer (e.g., the larger the shroud and/or the larger the notor) the |ower
the rotational speed cap be. ghus,ippza large mxer is used, such as a 5
hp, 10 hp, 20 hp, or 30-hp4r—greaier,” the notor may be designed to operate
at lower rotational spefds, eXy., |ess than 2000 RPM |ess than 1500 RPM
or even 500 RPM or |ess. For exanple, a m xer sized to mx a 10, 000-20, 000
liter tank may operate at speeds of 900 to 1,200 RPM The torque of the
notor is preferably 5self-adjusting, to maintain a relatively constant
i mpel | er s‘ﬁE%rG‘ as the m xing conditions change over tine, e.g., due to
saecharifigcathppn o s I ageously, the m xer can be
oriented a‘f(ﬁé% dézsﬁnﬁeglznezﬁgimgﬁdg?Uki(nfe&etdiﬁg@y%)'n the tank, to direct the jet
flow in a gesired=@é@gbfjerns itelfeiges ftdm @echokAni AJ, ust rat e one enbodi nent, in
which two jet mxers extend downwardly into a. tank 252 through ports
10254. X Mor eodigiancefeomyiazggé8kd above, dependi ng on the direction of
rotation of the inpeller the 'lxerf.cgr? be used to draw fluid fromeither
end of 'the” shroud: lr;ﬁn“secﬁ?én‘feﬁ%}rg‘r?’é) FfPons, two or more jet mixers are
posi tionedpj n the-ygssel of ntbAdYNe or nore being configured to jet fluid
upward ("up punp”) and one or nore 15 being configured to jet fluid
downwar d (@down pafiph pffluidecsprenyease slanast digenpexfiemgherioxae (md/Fl  be
posi tioned adjacent a down punpin 1 xer, ﬁ%/ nhance the turbulent flow
created by% he mi x89¢Of fuid Respip@iom Hirdogrle 'mi xers may be , swil ebed
between uppard fl Q%eé%ﬂm{;!%w&wosfs'a%iwﬁrpmgawiag&g%m-thé ﬁqzﬂaymiggy, _
advant ageous to swtch all or nost of the mxers to up punping node during
i ni tiahsdigpersi oRefdrgit g of Redehaging Friamtthenc20e (mys)d medi um particularly if
the feedstock is dunped or blown onto the surface of the liquid, as up
punpi ng creates significant turbulence at the surface. Up punping can al so
be used during ¢ j : b Pgvik ey scausi ng
the gas to bubb(l g&g@gﬁ%ﬁh@gp&gggﬁ%ﬁ%i gﬂﬂﬁﬁ:an %ﬁl\?&eg}it g§Y1hc\’lﬁ ﬁgér;ldgﬁﬁ abl e jet
m xers ar eCBE€dtessBeeh, prdll.)S. Provi si onal Application No. 2561/218, 832,
Ilhleed June 19, J%p 8gc’ingairs1gar%{clﬁarl;&rs{-gtjfec{\fpé in%%l@glurﬁgﬂovei l,b&ﬂg%%d%%- 2010,

20  viscosity (under 1,000 cPs) applications. It is also generally advantageous that in most

cases the pump or motor of the jet mixer not be submerged, ¢.g., when a pump is used it
is generally located outside the vessel.
One advantage of jet mixing is that the temperature of the ambient fluid (other
than dircctly adjacent the exit of the nozzie, where there may be some localized heating)
25  isincreased only slightly if at all. For example, the temperature may be increased by less

than 5°C, less than 1°C, or not to any measureable extent.

Jet-Flow Agitators
One type of jet-flow agitator is shown in FIGS. 10-10A. This type of mixer is
30  available commercially, e.g., from IKA under the tradename ROTOTRON™., Referring
to FIG. 10, the mixer 200 includes a motor 202, which rotates a drive shaft 204. A
mixing element 206 is mounted at the end of the drive shaft 204. As shown in FIG. 10A,
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full disclosures of which are incorporated herein by reference. MATERI AL
Bi onass Materials 30The bi omass can be, e.g., a cellulosic or
lignocellidosic material. Such materials include paper and paper products
(e.g., polycoated paper and Kraft paper), wood, wood- related materials,
e.g., particle board, grasses, rice hulls, bagasse, jute, henp, flax,
banboo, sisal, abaca, straw, sw tehgrass, alfalfa, hay, corn cobs, corn
Si eVe37, coconut hair; and materials high in a-cellul ose content, e.g.,
cotton. Feedstocks can be obtained fromvirgin scrap textile materials,

e. 9., em@adtsindQshert 006 HOBHcsWASERAd 268 thd, witB@Ihe SMRRI, & ipPRkdr 2p0.oduct s are
used they can be V|r%%£ material s, scrap virgin materjals, or they
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i ndustrial;{engo ? Afafiis Ry uid AN R BRIPENEHPIRSLIQ 10 8 the shiBhid hdeBiced hom paper
processing) can al so be used as fiber sources. Bionmass feedstocks can al so

be obt ai neleuit oud rouebdhd apsmidveamand 1. diquiengipend 2ahisiathedprippiant wast es.
T L L T i
5, 952, 105. liquid can bk drasore treodpbdhaienwtsend2hé ald Gerdesishronglethic abpar aed 2ides a
car ey o LR 2, B ANEhSF R BN ALl AR 00 S B L |
50, 000. Subliquiéar bahlyeratel. i ionotedibbtideserl&eElldwiroser (@thewhpmhiians der i ved
rom (g1 ucost, 1 4 PIQUOM, Sendensal] on oLLSCL A ahysps s berds s
starch1@ndmmyhﬂk1@@ﬁagmydrates. 1 20 Starchy materials inplude starch
JEAE G B SRS e U
arcas are believed to contribute to the generally toroidal flow that is observed with this
type of mixer. The geometry of the shroud and impeller also concentrate the flow into a
high velocity stream using relatively low power consumption.
15 Preferably, the clearance between the shroud 208 and the impeller 210 is
sufficient so as to avoid excessive milling of the material as it passes through the shroud.
For example, the clearance may be at least 10 times the average particle size of the solids
in the mixture, preferably at least 100 times.
In some implementations, the shaft 204 is configured to allow gas delivery
20  through the shaft. For example, the shaft 204 may include a bore (not shown) through
which gas is delivered, and one or more orifices through which gas exits into the mixture.
The orifices may be within the shroud 208, to enhance mixing, and/or at other locations
along the length of the shaft 204.
The impeller 210 may have any desired geometry that will draw liquid through
25  the shroud at a high velocity. The impeller is preferably a marine impeller, as shown in
FIG. 10A, but may have a different design, for example, a Rushton impeller as shown in
FIG. 10B, or a modified Rushton impeller, e.g., tilted so as to provide some axial flow.
In order to generate the high velocity flow through the shroud, the motor 202 is
preferably a high speed, high torque motor, ¢.g., capable of operating at 500 to 20,000
30 RPM,e.g., 3,000 to 10,000 RPM. However, the larger the mixer (e.g., the larger the

shroud and/or the larger the motor) the lower the rotational speed can be. Thus, if a large
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5edi bl e food product or a crop. For exanple, the starchy material can be
arracacha, buckwheat, banana, barley, cassava, kudzu, oca, sago, sorghum
regul ar househol d pot at oes, sweet potato, taro, yans, or one or nore beans,
such as lavas, lentils or peas. Blends el any two or nore starchy materials
are also starchy materi al s. In some oases the biomass is a mcrobia
material, Mcrobial sources include, but are not limted to, any naturally
occurring or genetically nodified m croorgani smor organi smthat contains
or is capable of providing a source of carbohydrates (e.g., cellulose), for
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liquid, as up pumping creates significant turbulence at the surface. Up pumping can also

be used during fermentation to help remove CO; from the liquid by causing the gas to

bubble to the surface where it can be vented.

Other suitable jet mixers are described in U.S. Provisional Application No.
25  61/218,832, filed June 19, 2009, and U.S. Serial No. 12/782,694, filed May 24, 2010, the

full disclosures of which are incorporated herein by reference.

MATERIALS

Biomass Materials

30 The biomass can be, e.g., a cellulosic or lignocellulosic material. Such materials

include paper and paper products (e.g., polycoated paper and Kraft paper), wood, wood-
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Cephal osporium sp. RN N4-202, Acrenoniumsp. CBS 478.94, Acrenonium sp. CBS
265. 95, Acrenoni um persici num CBS 169, 65, Acrenoni um acrenoni um "ARV 9519,
Cephai osporium sp. CBS 535.71, Acrenponban hruchypeni um CBS 866. 73,

Acr enmoni um cl i chromovorunz CBS 683. 73, Acrenoni um obcl avat um CBS 31E74,
Acrenoni um 20 pht heci oni ae CBS 157. 70, Acrenoni um roseogri seom CBS 134. 56,
Acr enoni um i neol ont um CBS 146, 62, and Acrenoni um fircaum CBS 299, 70H.
Cellulolytic enzymes may al so be obtained fromarysosporium preferably a
strain of Chrysosporhan | ucknowense. Additionally, Trichoderna
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perforned ¥8%hfS%n activated carbon, e.g., activated charcoal, or other
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shehat ae, the genus C avispora, e.g., species Cavkspora insitani ae and

Cl avi spora opunti ae, the genus Pachysol en, e.g., species Pachysol en
tannophi l u. s, the genus Bretannonyces, e.g., species Bretannonyces dausenii
(Philippidis, G P., 1996, Cellul ose bioconversion technol ogy, in Handbook
on Ilioethanol: Production and Uilization, Wman, C E,, ed., Taylor &
Franci s, Washington, DC, 179-212). Commercially avail able yeasts incl ude,
for exanple, Red Star(r)/Lesaffre Elba ol Red (available from Red
Starlesaffre, USA), FAIP (available fromFleisehmatm s 30 Yeast a division
of Buns Philip Food Inc., ), SUPERSTART (available from Alltech, now
Lal emand), CE ailable from Gen Strand AB, Sweden) \and

FERMO , (avai DSM Speci al ti es) Bacteria
fermentation nonas nobil Es a Clostrldl um t
(Phil'ippidis ). S _AOditives ]
general ly pr a hi harified
solution, lo [ i [

antibiotic, K e.g., r sujftabl e
anti biotics iNclude anphoterici@H, anpicillin, chloranphen I,

ci profl oxaci n,* gentam cin, hygronyein H, kananycirt, neonycin, penicillin,
puromycin, streptonycin. Antibiotics will inhibit growh of m croorgani sns

during transport and storage, and can be used at appropriate
15concent r at | orsarchy, matcridemgladnstash gy, 1000P BBy f gtieh vetalP | bet ween 25
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i ncluded even I f the stgar concentration is relativel }é{) hi gh. Surfactants
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20 or Twe sur c surfactants, or
anphot eri Cpcﬂaxoésamanpcsato Ctmheyanssubltcmbloenmmlfcam aush gs famed, lﬁd@lsoepﬂgﬂISphenol

et hoxy! at eg" B%C%%a?&oh(fnrgoa tal;& elgslar%salslaos&rc%?rlr&at%[ actants commercially

avai |l abl e ant can a
In some cases the blomass isa mlcroblal material. Microbial sources include, but

10 are not limited to, any naturally occurring or genetically modified microorganism or
organism that contains or is capable of providing a source of carbohydrates (e.g.,
cellulose), for example, protists, €.g., animal protists (¢.g., protozoa such as flagellates,
amocboids, ciliates, and sporozoa) and plant protists (c.g., algac such alveolates,
chlorarachniophytes, cryptomonads, euglenids, glaucophytes, haptophytes, red algae,

15  stramenopiles, and viridaeplantae). Other examples include seaweed, plankton (e.g.,
macroplankton, mesoplankton, microplankton, nanoplankton, picoplankton, and
femptoplankton), phytoplankton, bacteria (e.g., gram positive bacteria, gram negative
bacteria, and extremophiles), yeast and/or mixtures of these. In some instances,
microbial biomass can be obtained from natural sources, €.g., the occan, lakes, bodies of

20  water, e.g., salt water or fresh water, or on land. Alternatively or in addition, microbial
biomass can be obtained from culture systems, e.g., large scale dry and wet culture

systems.

Saccharifying Agents

25  Suitable enzymes include cellobiases and cellulases capable of degrading biomass.
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25be added to keep the sugar that is being produced in solution,
particularly in high concentration. solutiOnS, Seeellarification Mediumlin

one enbodi nment,

t he nedi um has the foll owi ng concentrati ons of conponents:

Suitable cellobiases include a cellobiase from Aspergillus niger sold under the

tradename NOVOZYME 188™,

Cellulases are capable of degrading biomass, and may be of fungal or bacterial

origin. Suitable enzymes include cellulases from the genera Bacillus, Pseudomonas,

5  Humicola, Fusarium, Thielavia, Acremonium, Chrysosporium and Trichoderma, and

include species of Humicola, Coprinus, Thielavia, Fusarium, Myceliophthora,

Acremonium, Cephalosporium, Scytalidium, Penicillium or Aspergillus (see, e.g., EP

458162), especially those produced by a strain selected from the species Humicola

insolens (reclassified as Scytalidium thermophilum, see, e.g., U.S. Patent No. 4,435,307),

10 Coprinus cinereus, Fusarium oxysporum, Myceliophthora thermophila, Meripilus

giganteus, Thielavia terrestris, Acremonium sp., Acremonium persicinum, Acremonium

acremonium, Acremonium brachypenium, Acremonium dichromosporum, Acremonium

obclavatum, Acremonium pinkertoniae, Acremonium roseogriseum, Acremonium

incoloratum, and Acremonium furatum; preferably from the species Humicola insolens

15 DSM 1800, Fusarium oxysporum DSM 2672, Myceliophthora thermophila CBS 117.65,

Cephalosporium sp. RYM-202, Acremonium sp. CBS 478.94, Acremonium sp. CBS

265.95, Acremonium persicinum CBS 169.65, Acremonium acremonium AHU 95 19,

Cephalosporium sp. CBS 535.71, Acremonium brachypenium CBS 866.73, Acremonium

dichromosporum CBS 683.73, Acremonium obclavatum CBS 311.74, Acremonium

20  pinkertoniae CBS 157.70, Acremonium roseogriseum CBS 134.56, Acremonium

incoloratum CBS 146.62, and Acremonium furatum CBS 299.70H. Cellulolytic enzymes

may also be obtained from Chrysosporium, preferably a strain of Chrysosporium

lucknowense. Additionally, Trichoderma (particularly Trichoderma viride, Trichoderma

reesei, and Trichoderma koningii), alkalophilic Bacillus (see, for example, U.S. Patent

25  No. 3,844,890 and EP 458162), and Streptomyces (see, e.g., EP 458162) may be used.

Enzyme complexes may be utilized, such as those available from Genencore

under the tradename ACCELLERASE®, for example, Accellerase® 1500 enzyme

complex. Accellerase® 1500 enzyme complex contains multiple enzyme activities,

mainly exoglucanase, endoglucanase (2200-2800 CMC U/g), hemi-cellulase, and beta-
30  glucosidasc (525-775 pNPG U/g), and has a pH of 4.6 to 5.0. The endoglucanasc activity

of the enzyme complex is expressed in carboxymethylcellulose activity units (CMC U),
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while the beta-glucosidase activity is reported in pNP-glucoside activity units (pNPG U).
In one embodiment, a blend of Accellerase® 1500 enzyme complex and NOVOZYME™
188 cellobiase is used.

In some implementations, the saccharifying agent comprises an acid, ¢.g., a
mineral acid. When an acid is used, co-products may be generated that are toxic to
microorganisms, in which case the process can further include removing such co-
products. Removal may be performed using an activated carbon, e.g., activated charcoal,

or other suitable techniques.

Fermentation Agents

The microorganism(s) used in fermentation can be natural microorganisms and/or
engineered microorganisms. For example, the microorganism can be a bacterium, €.g., a
cellulolytic bacterium, a fungus, ¢.g., a yeast, a plant or a protist, ¢.g., an algae, a
protozoa or a fungus-like protist, ¢.g., a slime mold. When the organisms are compatible,
mixtures of organisms can be utilized.

Suitable fermenting microorganisms have the ability to convert carbohydrates,
such as glucose, xylose, arabinose, mannose, galactose, oligosaccharides or
polysaccharides into fermentation products. Fermenting microorganisms include strains
of the genus Sacchromyces spp. ¢.g., Sacchromyces cerevisiae (baker’s ycast),
Saccharomyces distaticus, Saccharomyces uvarum; the genus Kluyveromyces, e.g.,
species Kluyveromyces marxianus, Kluyveromyces fragilis; the genus Candida, ¢.g.,
Candida pseudotropicalis, and Candida brassicae, Pichia stipitis (a relative of Candida
shehatae, the genus Clavispora, e.g., species Clavispora lusitaniae and Clavispora
opuntiae, the genus Pachysolen, ¢.g., species Pachysolen tannophilus, the genus
Bretannomyces, ¢.g., species Bretannomyces clausenii (Philippidis, G. P., 1996,
Cellulose bioconversion technology, in Handbook on Bioethanol: Production and
Utilization, Wyman, C.E., ed., Taylor & Francis, Washington, DC, 179-212).

Commercially available yeasts include, for example, Red Star®/Lesaffre Ethanol
Red (available from Red Star/Lesaffre, USA), FALI® (available from Fleischmann’s
Yeast, a division of Burns Philip Food Inc., USA), SUPERSTART® (available from
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Alltech, now Lalemand), GERT STRAND® (available from Gert Strand AB, Sweden)
and FERMOL® (available from DSM Specialties).
Bacteria may also be used in fermentation, e.g., Zymomonas mobilis and

Clostridium thermocellum (Philippidis, 1996, supra).

Additives

Antibiotics
While it is generally preferred to have a high sugar concentration in the
saccharified solution, lower concentrations may be used, in which case it may be
10  desirable to add an antimicrobial additive, e.g., a broad spectrum antibiotic, in a low
concentration, e.g., 50 to 150 ppm. Other suitable antibiotics include amphotericin B,
ampicillin, chloramphenicol, ciprofloxacin, gentamicin, hygromycin B, kanamycin,
neomycin, penicillin, puromycin, streptomycin. Antibiotics will inhibit growth of
microorganisms during transport and storage, and can be used at appropriate
15  concentrations, e.g., between 15 and 1000 ppm by weight, e.g., between 25 and 500 ppm,
or between 50 and 150 ppm. If desired, an antibiotic can be included cven if the sugar

concentration is relatively high.

Surfactants
20 The addition of surfactants can enhance the rate of saccharification. Examples of
surfactants include non-ionic surfactants, such as a Tween® 20 or Tween® 80
polyethylene glycol surfactants, ionic surfactants, or amphoteric surfactants. Other
suitable surfactants include octylphenol ethoxylates such as the TRITONT™ X series
nonionic surfactants commercially available from Dow Chemical. A surfactant can also
25  be added to keep the sugar that is being produced in solution, particularly in high

concentration solutions.

Saccharification Medium

In one embodiment, the medium has the following concentrations of components:
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Y cast nitrogen base 1.7 g/L
Urea 227 ¢g/L
Peptone 6.56 g/L
Tween® 80 surfactant 10 g/L

PHYSICAL TREATMENT OF FEEDSTOCK

PHYSICAL PREPARATION

In some cases, methods can include a physical preparation, e.g., size reduction of
materials, such as by cutting, grinding, shearing, pulverizing or chopping. For example,
in some cases, loose feedstock (e.g., recycled paper, starchy materials, coal or
switchgrass) is preparcd by shearing or shredding. For example, in other cases, material
is first pretreated or processed using one or more any of the methods described herein,
such as radiation, sonication, oxidation, pyrolysis or steam explosion, and then size
reduced or further size reduced. Treating first and then size reducing can be
advantageous since treated materials tend to be more brittle and, therefore, easier to size
reduce. Screens and/or magnets can be used to remove oversized or undesirable objects

such as, for example, rocks or nails from the feed stream.

Feed preparation systems can be configured to produce streams with specific
characteristics such as, for example, specific maximum sizes, specific length-to-width, or
specific surface arcas ratios. Physical preparation can increase the rate of reactions or
reduce the processing time required by opening up the materials and making them more
accessible to processes and/or reagents, such as reagents in a solution. The bulk density
of feedstocks can be controlled (e.g., increased). In some situations, it can be desirable to
prepare a low bulk density material, densify the material (e.g., to make it easier and less
costly to transport to another site), and then revert the material to a lower bulk density

state.
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PHYSI CAL TREATMENT OF FEEDSTOCK PHYSI CAL PREPARATI ON I n sone cases,
met hods can include a physical. preparation, e.g., size reduction of
materials, such as by cutting, grinding, shearing, pulverizing or chopping.
For exanple, in sone cases, toose feedstock (e.g., recycled paper, starchy
"materials, coal or switehgrass) is prepared by shearing or shredding. For
exanple, in other cases, material is first pretreated or processed using
one or nore any of the nethods described herein, such as radiation,

soni cari on, oxidation, pyrolysis or steam explosion, and then size reduced
or thitherg;si geqli&slHced- Treating first and then size reducing can be
advant ageous since treated materials tend to be nore brittle and,

t heref ore, easilesontaensiodenangsthe enateBet wdnranwtdrs imgfemsofedivrée used to

remove oversiz r desi rabl e ects. rocks or
nails fr oﬁ‘?tﬂéﬁﬂ?gﬁlcgla?sg@ Spl’i%vé%e%g;ryesg%ﬁr 1§§#glﬁer:ségﬁcéonéor%gwé’q}é%nf igured to
produce stgheans cuh bdpseatd with 4 hedrakaiéd @ttest i cs such as, for exanpl e,

speci fic maxi mum si zes, specific length-to-width, or specific surface areas

ratios.; Physicagl, Q){aﬁ‘fb?er Q‘E'liogr(r}o g i.pg'éﬁﬁ%ﬁ"f’ss@catl&@arﬁaltﬁa@as h&eet i ons or reduce

; e
the processing tine equir éu? ning up the materials and making them
nore accesstddiarce lgyrlocdssd sambuihorred, s@gdhe sotary el ewter, Enpjeride 2 fift o
solution. Fhe b . densi % Kb Q% GORLT £ €ad
i ncreased) ‘.{brﬁ%\s Iﬁ%%éaq's??%u% § @ﬁ%‘?sef? ér%:ag%' %Sesg%{ehé [ 1aqbl egttsgjeééog'lgépgr rég a | ow hul k
densi ty madnervembs ogbeingistzy of hé9 mat erlesl(1/{ @ingh,, 0.4685 mecke piavidsastemdand | ess
costly to transport tg another _site and then. rey, ] terpal to a
| ower  bul kﬁt&gwsrﬁ%tgpaét &td s_1red§§% ggﬁéa%ﬁ‘s? a(r)lg)e cut prior s Ehegtqu, g.%., ithd
10 shredder. For example, when a paper is used as the fiber source, the paper can be first cut

into strips that are, e.g., 1/4- to 1/2-inch wide, using a shredder, e.g., a counter-rotating

screw shredder, such as those manufactured by Munson (Utica, N.Y.). As an alternative

to shredding, the paper can be reduced in size by cutting to a desired size using a

guillotine cutter. For example, the guillotine cutter can be used to cut the paper into

15 sheets that arc, ¢.g., 10 inches wide by 12 inches long.

In some embodiments, the shearing of the fiber source and the passing of the
resulting first fibrous material through a first screen are performed concurrently. The

shearing and the passing can also be performed in a batch-type process.

For example, a rotary knife cutter can be used to concurrently shear the fiber

20  source and screen the first fibrous material. A rotary knife cutter includes a hopper that
can be loaded with a shredded fiber source prepared by shredding a fiber source. The
shredded fiber source In some implementations, the feedstock is physically treated prior
to saccharification and/or fermentation. Physical treatment processes can include one or
more of any of those described herein, such as mechanical treatment, chemical treatment,

25  irradiation, sonication, oxidation, pyrolysis or steam explosion. Treatment methods can
be used in combinations of two, three, four, or even all of these technologies (in any
order). When more than one treatment method is used, the methods can be applied at the
same time or at different times. Other processes that change a molecular structure of a
biomass feedstock may also be used, alone or in combination with the processes

30  disclosed herein.
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in sone enbodi nents, the material |o be processed is in the formof a
fibrous material that includes fibers provided by shearing a fiber source.
For exanple, the shearing can be performed with a rotary knife. cutter.

For exanple, a fiber source, e.g., that is recalcitrant or that has had its
recal citrance | evel reduced, can be sheared, e.g., in a rotary knife
cutter, to provide a first fibrous material. The first fibrous material is
passed through a first screen, e.g., having an average opening size of 1.59
mmor less (1/16 inch, 0.0625 inch), provide a second fibrous material. 11
desired, the fiber source can be cut prior to the shearing, e.g., wth a

shredder. For exa when a paper is used as the fiber source, the paper
can be flﬂyﬁd@ﬂwal ﬂ@“@ﬂﬁ?ps that are, 1/4- to W24rich wide, using a
shredder, In ﬁ%rﬁé) Qéseﬁieﬁlgasaéah '[}Qlu%l@ %%a%ﬂﬁﬁfﬁl&ﬁmg S Gbrass Fhas&k,
nanufactured by son (Utica, N alternative to shredding, the

paper can MeChamd@l(t@dtmentssmCi@eb@br @mrtpllmguttmg, ailliag,i nresgingj radiggi heare

gui 'l Oté ne l&l&p% %lln%%Lﬁ?det H)? e%ﬂl&l%ﬂl Hﬁ#ﬁgthraﬁglep ﬂhpg .used to out

t he paper ™Mt o |s i nches | ong.
In sone embad@m&mm@xnwWEHMhmamtm@mnymﬁhénmhb$r0@©un@@maﬁﬂUpﬁewwassing of

th 't first fibr terial th for med
concurr ent Py T SHEEFTHG Sct e “paub g e bR SRR P Lo T

bat ch-t ypeatpitios @sking.For exanple a rotary knife cutter can be used to
concurrently shear th fiber ource and Pcreen t he,first. fi,brous

material. A rot ??m%ﬁiF&“@ﬁ?ﬁ@?g?ﬁ‘FWa@?“%<ﬁo$§8PgPHat“§3ﬁ ¥e | oaded with a

shreddegl flbr@zﬁﬁng%hblkﬁﬁteﬁﬁ%{h@rcadﬂ&)k &higestdilngsiambichiel, makiteoe ccThibss bf edded
fiber source In some

enentatlons the fee tock ly treated
prior to shesREtipeimst ?‘B?Fpﬁhlﬁf‘b? afNeCIFEIAR Qf‘{/‘ﬁﬁ lﬁgﬂ%?flccéﬁ Spawné‘at %ﬂt processes
can i ncl udg, Qe @fhlsTRA B1s@be ABY sBfcchiRSB HRBEH PR ihedigea, such as
nmechani cal treatnent, chemcal treatnent, 26irradiation, SOﬂIC%% on,

oxi dati on, pyr dhyenscases, dearaenengsl BaiBent MRy aaalyAsIn IR REPETAEaMOEe used i n
conbi nat i Of@:@dsﬂfckt&%elbm @g sizOHductRh o?i‘h%{ér@lklsugﬁ adthesRinkeaanlogi es (in any

order). Wien nore than on€’treatnent nethod is use t he nethods can be
appl i eds at shehréngs puteerizingeor shopwingd iFpf exvagiic, i 9Es Ca@ Hegse fredtiedkd@s- t hat change

| ecul 1
combi nat | ot iibHe Py Bull TR i ARRSh Aol B SQuhR b SO Ot et s
in sone cases, mmwslywnn addrﬂmndélerfwdktam waiktiyl cor Bat brghysinadlysiceivds s

f eedst ock.. Mech | t , Il ,
st ng. B P AT oS PRk ERmH o Bl SRS, oy "

exanpl e, baldlatieq, |Sbrllélaglpn heidaeon, rpsyiollysrsg);r steah erplstiat, cand ﬂimymochamallym I1ing, or
ni cal treat

ot her types of cha st one
gri ndi ﬁé E?aé‘?fll( Seﬂ’%&ﬁ%??f‘??ﬁlad‘faing’ﬁ?WQ Sgfe ?‘3t§¥lge§e§%4 tﬁ' oél I |°F1 oﬁeg&ére air
attrition ginkd ttetaﬁnenMee bantaaakioh bERdRAL, terdno bemathwritl ageptisrefons, it openi ng
up, " "stressing,'
may bé easier to further change the molecular structure of the material by mechanical
treatment.
In some embodiments, the feedstock material is in the form of a fibrous material,
25  and mechanical treatment includes shearing to expose fibers of the fibrous material.
Shearing can be performed, for example, using a rotary knife cutter. Other methods of
mechanically treating the feedstock include, for example, milling or grinding. Milling
may be performed using, for example, a hammer mill, ball mill, colloid mill, conical or
cone mill, disk mill, edge mill, Wiley mill or grist mill. Grinding may be performed
30  using, for cxample, a stone grinder, pin grinder, coffee grinder, or burr grinder. Grinding

may be provided, for example, by a reciprocating pin or other clement, as is the case in a
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breaki ng and shattering the cellulosic or lignocellulosic materials, making
the cellulose of the materials nore susceptible to chain scission and/or
reduction of crystallinity. The open materials can al so be nore susceptible
to oxidation when irradiated. In sone cases, the mechanical treatnent nmay
include an initial preparation of the feedstock as received, e.g., size
reduction of materials, such as by cutting, grinding, 15shearing,

pul veri zing or chopping. For exanple, in sonme cases, |oose feedstock (e.g.,
recycl ed paper, starchy materials, O switchgrass) is prepared by shearing

or shreddi f§@mill. Other AbdhEHiBA e BleYt m@hods AR ntdcRhical Hﬁ)iﬁ;f&d@irﬁg,k mat eri al
can first be physically treated by one or nore of the other

] f. . physi cal
treat nent gtearsdwds dagipplyahesitet the mageripe Ard 2if aditiae PaRng s %‘HP&% i on,
oxi dati on, oyt Ol ¥ $eSnQhts FEBRMENRL O3 Pibr tRANINER HRERARE GRIdY120 reated.

Thi s sequence can be advantageous since materials treated by one or nore of
t he ot her ttmetatevéitesfeedstogk., irradiation or pyrolysis, tend to be nore

brittle and, t i j . | ecul ar
otruct o of t NEUGERfrepdopRBBaE e ribidal B pRRK ERANOSIAR a2 20N 2 e
f eedst ock mtngranabcrag dpanihgeizé of Indohmar fdsh(lolfsinecra 0 @62 ainch)2 Smpangrechani cal

treatment include hearin 0 expose. fibers of the.fi erial.

Sheari ng c%’{ﬂmggneﬁ@r fﬁ}ﬁ’?‘% ,Olg?th?r r’é%?g%?aé{reagrg?lﬁgang S?rg%néé%lgéﬁ%@er czlijt ter. O her
met hods of coewieani CBdrleyxarhpleat fotagy ki cheedsit beksed ncdonderentisheexandpl e,
mlling or grinding. MI]Li may, be perfornmed using,. for exanple, a hamer
Mol bl sciep fhe fgfif‘ﬁ'ioﬁkf-djfl}ﬁq‘??d,sto RiRGFed LG SEipar bLies phch o ring edge nmill,
Wley il lbides® provideh kheare@mddiaN@atYsch er@gh fotdtd adDshmi@ed iros biexanpl e, a
st one grlnder,dfln rinder, coffee grinder, or burr ﬁginder. i ndi ng may
be provided, forhesxpreor igposllklods pratseat 2R Ge picphagcs 'ﬁ%tede‘f‘é t, as is
the case i|g.@(c P! fivifsliktic &Pnbefec TREPBNIEATabd)EAhyRA] IRE RO habGhpde
mechani cal ripping or tearing, other nethods that apply pressure to the
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I ncl ude any. Qb & HEG3I IR EN ) ei g ARRESTRI D PRIuBGHhREveteuct ure of the

f eedst ock. o
15  mechanically treated while partially or fully submerged under a liquid, such as water,

ethanol or isopropanol.

The fiber sourcecellulosic or lignocellulosic material can also be mechanically
trcated under a gas (such as a stream or atmosphere of gas other than air), ¢.g., oxygen or
nitrogen, or steam.

20 If desired, lignin can be removed from any of the fibrous materials that include
lignin. Also, to aid in the breakdown of the materials that include cellulose, the material
can be treated prior to or during mechanical treatment or irradiation with heat, a chemical
(e.g., mineral acid, base or a strong oxidizer such as sodium hypochlorite) and/or an
enzyme. For example, grinding can be performed in the presence of an acid.

25 Mechanical treatment systems can be configured to produce streams with specific
morphology characteristics such as, for example, surface area, porosity, bulk density,
and, in the case of fibrous feedstocks, fiber characteristics such as length-to-width ratio.

In some embodiments, a BET surface area of the mechanically treated material is
greater than 0.1 m?/ g, .g., greater than 0.25 m?/g, greater than 0.5 m?/g, greater than 1.0

30  m?/g, greater than 1.5 m?/g, greater than 1.75 m?/g, greater than 5.0 m%/g, greater than 10
m?/g, greater than 25 m?/g, greater than 35 m%g, greater than 50m?/g, greater than 60
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5If desired, the nechanically treated material can be passed through a
screen, e.g., having an average opening size of 1.59 nmmor |less (1/16 inch,
0.0625 inch). In sone enbodi nents, shearing, or other nechanical treatnent,
and screening are perfornmed concurrently. For exanple, a rotary knife
cutter can be used to concurrently shear and screen the feedstock. The
feedstock is sheared between stationary bl ades and rotating blades to
provi de a sheared nmaterial that passes through a screen, and is captured in

a bin. The cellulosic or lignocel hdosic material can be nmechanically
treated in,g cgréﬁte?ttlﬁllx@S Qﬁ/gg vedtla?ﬁ'lhrp 00l th¥/g |gfeallk tHAR 156 REV@ELE tRM A0DS
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BET surface area of the nechani cal treated materi a hgreater than 0.1

tn-ig, e.gweighfradatessemplsahobylk dmzsﬁg 1s @k@&teérbwdﬁaﬁng)ﬂe of ¢ 8HRR? t han
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and/or length-to-diameter ratio dlstrlbutlon

20 As used herein, average fiber widths (e.g., diameters) are those determined
optically by randomly selecting approximately 5,000 fibers. Average fiber lengths are
corrected length-weighted lengths. BET (Brunauer, Emmet and Teller) surface areas are
multi-point surface areas, and porosities are those determined by mercury porosimetry.

If the second feedstock is a fibrous material 14 the average length-to-diameter

25  ratio of fibers of the mechanically treated material can be, e.g. greater than 8/1, e.g.,
greater than 10/1, greater than 15/1, greater than 20/1, greater than 25/1, or greater than
50/1. An average fiber length of the mechanically treated material can be, e.g., between
about 0.5 mm and 2.5 mm, e.g., between about 0.75 mm and 1.0 mm, and an average
width (e.g., diameter) of the second fibrous material 14 can be, e.g., between about 5 pm

30 and 50 pm, ¢.g., between about 10 pm and 30 pm.
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greater than 90 percent, greater than 92 percent, greater than 94 percent,
greater than 95 percent, greater than 97.5 percent, greater than 99
percent, or even greater than 99.5 percent. In sone enbodi nents, after
nmechani cal treatnent the material has a bulk density 10of |ess than 0.25
glcin3, e.g., 0.20 glenB, 0.15 gitenB8, 0.10 g/eirt3, 0.05 Wern3 or |ess,
e.g., 0.025 &wvc. Bulk density is determ ned using ASTM D1895B. Briefly, the
met hod involves filling a neasuring cylinder of known volume with a sanple
and obtaining a weight of the sanple. The bulk density is cal cul ated by

di vi di ng the wej ghte QhbddlierSAMheEretditodk ANMERYusteerkan e stanahide of the
cylinder in cubic centi neters. 15/f the feedstock is a fi brous material the
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20-to-1), ‘even iIf ey have been sheared nore than once. In addition, the
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than 164 1h Iﬁéegge}i?fy;htﬁaﬂthaﬁfeﬁﬁ?gdeeatt?a herhanor&a&hat@fae%beerseerdlrb?mngzsf 1, gr
reater than "kn average fi en nechani.ca treate

?rat erial chpnsdodgdeger %éﬁﬁ%@éﬂng Stpse g@[}rﬂ%f‘%th%deﬁ ﬁﬁiFCI%Seﬂ Ufet ween about
0. 75 mm angkrih Ro NTY428N6h 53 d SVE LAGKR0 M 84, Ithc(faua}scto@ur@srmmrc)ha@é the second
fibrous nmaterial 14 can be, e.g., bet ween about 5 pm 30and 50 itm e.g.,
bet ween ab@@l‘tm‘l@wﬁﬁtrewrs@eﬁ?ﬁ In sone enbodi nents, if the

feedstock is a fibrous material, the standard devi ation of the fiber | ength
of the mechanically treat ed nmateri aI can be less _than 60 percent of an

averagés fi ber |THegtnhendfo Selpbilipe: fRed oglejtrange e Frpgtionplize e g., | ess than
50 percent of tﬁ?w%ﬂh@&%& glnﬁi%lg n%tl b%@r?glygi%gll}fl e]ga?i&%%e (B'Eatl‘:&"ﬁ)r fligh age

l ength, less than ercent e len [ ess than 10 percent of
t he aver agmylpm@bﬂrqnprms dehalhecﬁhepfem c@moraIforttfbféh@ewedlag@ltbrewg&eh or even | ess
than 1 er ent the ay, be

desir ablpe Sc%bcgég Wmay IHCE'%F(L nsr Al%n% llezrﬁlfcalig Olﬁglta{ng%]lﬁmdllsﬁlesg?r&at eri al
(e.g., to mmke Attermsele,rorana:ﬂdltxas,wtlmptobgssdsdoﬂrechmmgwcalcttmnwnnﬁyﬁaer site), and
t hen revert tEe material to a |lower bulk density state. Densified materials
can be® 1(5‘ sed by any of the nethods described herein, or any nmaterial
process ed by anpre@ent processes utilized by the recalcitrance reducing operating unit can include

one or more of irradiation, sonication, oxidation, pyrolysis or steam explosion.
Treatment methods can be used in combinations of two, three, four, or even all of these

technologies (in any order).

25 Radiation Treatment
One or more radiation processing sequences can be used to process materials from
the feedstock, and to provide a wide varicty of diffcrent sources to extract useful
substances from the feedstock, and to provide partially degraded organicstructurally
modified material which functions as input to further processing steps and/or sequences.

30  Irradiation can, for example, reduce the molecular weight and/or crystallinity of
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t he net hods descri bed herein can be subsequently densified, e.g., as
disclosed in U S. Serial No. 12/429, 045 and WO 2008/ 073186, the ful

di scl osures of which are incorporated herein by reference. 15Treatnent to
Sol ubi l'i ze, Reduce Recal citrance or Funetionalize Mat eri al s that
have or have not been physically prepared can be treated for use in any
production process described herein. One or nore of the production
processes descri bed bel ow may be included in the recal citrance reducing
operating unit discussed above. Alternatively, or in addition, other

processes £ QfiobRdRiediN@n cEEALLitdIBRAR R aRE 0By ReddibdReked to bioproddseat ment
processes utilized by the recalcitrance i-educing operating unit can el ude

one or nortke witeiigly adi ation, sonication, oxidation, pyrolysis or steam

losion. T i Rtd ; h
expl osi on reg,lg %eﬁgm&% gﬁggﬁsmam TGO NRLI QRS aRficbigh three,

four, or even se tec ies (In any order). 25R2disatitil
Treati | | eAkam its atomic@nkitad fs uset e iraditathcortqrabc d5e radipticeparhe ewvidad be used
to proces i -the. f ck..: [ OMI i riety of
R e S T T
provi de pafot txahipie, thegratted, @rectpanocistmuectacratotsyomi) dlctiredagmatierediation, whi ch

functions as input to further processi,ng steps and/ar. se i

anl tr adi at ‘igb?f‘aff% > B§gPe W%ﬁﬂﬁgo?@gﬁ"é%e‘?fﬁ‘é& ﬁr@?%ec%ﬂp?rac%?%ﬁgiﬁ%}l &

cryst alj! i rfbyhfdt(iji@ictivé aﬁﬁﬁh_ h&e kan H%adi;]caﬁoiiﬁmmamle&éal@tost. dlrlisbmzernbditﬁernarg$,eri al's, or
any nedi a needed to hi oprocess the nater n, son odi nent s,
engrgy de#@gﬁP@gmﬁﬁxﬂn @ﬁﬁér°?%§Fﬂ#§ﬂé3@@@°&ﬂl@?8@¥P8Hgﬁ?§EB1ts atom c

or bi t aho i Sand&RHappfoatk, cRdireth@nbhEradRti fedl, prodibel sadicdicirebdadyenbigerpy ovi ded 5
by 1) heavy charged particles, such as al ph artlgle ar . ro&ons, 2)

el ect r ons, C3pPeYtrlde irradisic s qpiteck. The B@Faa@e‘g%p&l o Be e id pieh

accel er at of§.hOfarRulLkQads@magneti c radiation, for exanple, gamma rays, x
rays, or ultraviolet rays. In one approach, radiation produced by

radi oactive subiBsemciasteesnwhen dsddcryon idggirblcantherslsagstsek. In some
enmbodi ment ﬁnctﬁ)ﬁéﬁiz%g fls rg@%l_%glﬁbé ic%}meWiQQHanc%rlecﬁgﬁ's? HICB%E‘HoYo_nQ,fhe(iﬂ-ﬁl t hrough

(3) may be utilized 1 10a er approach, el ectromagnetic radiation
(e. g., 1Pr odebadraesiing, Lli@otiewnndoa amsemitionéens) phoapiiobts ienseekyeen 1ops eidi at e t he

el crk flga 3855 PPRILSL, SARENA. AN RSk Shlogh amte
andl or pol shaeged phditlas can be utilized for their Lewis acid properties for enhanced ring-
opening chain scission. For cxample, when maximum oxidation is desired, oxygen ions
can be utilized, and when maximum nitration is desired, nitrogen ions can be utilized.
20  The use of heavy particles and positively charged particles is described in U.S. Serial No.
12/417,699, the full disclosure of which is incorporated herein by reference.
In one method, a first material that is or includes cellulose having a first number
average molecular weight (M) is irradiated, e.g., by treatment with ionizing radiation
(e.g., in the form of gamma radiation, X-ray radiation, 100 nm to 280 nm ultraviolet (UV)
25  light, a beam of electrons or other charged particles) to provide a second material that
includes cellulose having a second number average molecular weight (My;) lower than
the first number average molecular weight. The second material (or the first and second
material) can be combined with a microorganism (with or without enzyme treatment) that
can utilize the second and/or first material or its constituent sugars or lignin to produce an

30 intermediate or a product, such as those described herein.
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funetionalization is desirable, particles heavier than el ectrons, such as
protons, helium 15nuclei, argon ions, silicon ions, neon ions, carbon ions,
phosphorus ions, oxygen ions or nitrogen ions can be utilized. Wen

ri ng-opening chain scission is desired, positively charged particles can be
utilized for their Lewis acid properties for enhanced ring-opening chain
sci ssion. For exanple, when maxi mum oxi dation is desired, oxygen ions can
be utilized, and when nmaximumnitration is desired, nitrogen ions can be
utilized. 20The use of heavy particles and positively charged particles is

described in Uggce 8Rfse@nd NterihPindikdos@8@ulode@vihipl b keddigichgisdute wafghwhi ch i s
i ncorporated herein by reference. In one netho a fi rﬁdflmit eri al

that is orrciefivq adesslinsianatenadsad HaSPMEGnAanees & feduerfisa st V%ﬁy&@@’ ShdPecul ar

wei ght (N éé'&ddﬁndtéﬂaﬁglg%&&hy 1Ror disp@¥iblel ﬁ)@etllﬁﬁ@fand%ltshlu'bléné %I A dodibat i on
(e.g., in the formof ganmma rad |aP|on X-ray radiation, 00 nmto 280 urn

ul t ravi ol etonfaigling) 2 BFdogEanisMERNE O AR @TZY@IGeEh‘?Séﬁ@P@i‘leQ)mh]@rth%ﬁ‘&?@ed particl es)
to prov de,a.saeand t&@%?ﬁ[s%\%ldl 82l BRNAS Sh G5 RANLAT BIBREEND NuMTDer

average nmo ecu ar wei ower t er averag€ nol ecul ar
wei ght . Thetaglectiide tmheﬁrsamat(:ml whieh fanrgtatiyimipoee thn droductonital préen he

31(;)|m|3 : rZ]:d t Vh\fgg!é'uc?gmg lo(f:'r gg‘srllrl g;iv%tt Oé’th%ﬁlo ri?a"diatlgf? £ Hso s'Ee?ﬂl%rﬁth ) that can

Vanadf or s constituent sugars or
lignin to qﬁﬁtedalwra&mn&ﬁlaﬁie@ctedmdblapmc@stlmmtadmt such as t hose descri bed

herein. Since the seco ial includes eI I I ose uced
mol ecul ar wei gHE S8 %IPW%&“‘%%S gﬁéeﬂnfiﬁa Wﬁf‘éap Sve Of?m tloﬁééf) tlWances a
(r]I educeeh g Ir ¥ Sitpabd tlhiﬂi ﬂg-y leas! dgllakﬂdatldnlf'(@l)lscﬁ"(ﬂwﬂeﬁﬁitaﬁal ah hl@legbmi ébkiyativor e

i sper si swe e .and/ or. sol ubl e a containing a
ni cr oor gan‘i’félf‘ﬁ ’é‘ﬂtﬂlilgrca%\ﬁ d dhgs Hapersy E}’es‘fﬂ&@g@m ‘?“Bé’ ﬁ‘il%@y g’ b&cond materi al
easier to g h@ﬁﬂtcﬁ@l"s%u%éﬁﬁlﬁ%‘t@l:&rﬁléhl QJﬂQﬁhaﬁf&lor bi@[b?gydm&ttaek amd/ or
bi ol ogi cal attack relative to first mater can greatly i mprove

the pr oduc%qnwmbﬁﬂ’@leaﬁdSOdmr?ﬂS%ﬁlﬁé%VPbe thf‘e‘?i%‘#atlav Oéthaé%cp%ﬁla&s'ﬂ?}d&l&?v e.g.

ethanol , RadhafilsORacddl, @t §F&d§1¥1§r§ sl Z8imtel €n 8B 8 bkidl heQhviddtin diE i needed to
bi oprocess the materi al . I n"sone enbodi nents, the second material can

have a1} eveldens blewiedaf dion oxpzn, pradicines srqyanateiahat Rarevetizettheki dat i on
(0i) of thg LeYela of 1% Hadein @r | mat eri al can
aidinits ?ig%giatsggllt ﬁfol{g’laméﬁémegg&l%fity egr?d%or sol ubi |to§§,’ %rurtsher

enhanci ng ald@ydagleupsaketmesymmstebgtoupyoncgrbohldm agil groupazylielt 9 or

bi ol ogi cal . ; atcgs%qéé, dr I%P{FF enbodi ments, to increase the level of the ox

i dation of "the s&cond’ 8tial relative to the first mat erial, the

irradiation is perfornmed under an oxidizing environnent, e.g., 1l5under a
bl anket of laglizingRasligid@h, produci ng a second. materi al that is nore

oxi di Z%j t han t]:ha%hffél{ns(;f r%ﬁ%%gllﬁllzes 'tzl%rca ﬁrmhtgl’m qﬁateﬁﬁ?%@?a%ﬁl@f ial can have

mor e hydroxyl groups, etone oups er groups or
car boxyl i cinacaaiony, auqtrscrmwﬁeddpy tltmneugmof élasaiizit'tos bigaryophigkd partigles | oni zi ng

\F;Ia gl Fa).ta:. 1? In Czolg?a Cl? 1gn?z"enr}1d ter Vld @Ofaﬂ bcat{%ﬁlnéﬁsrtﬁel;lr%or%aﬁlgb%nﬁgﬁgtﬂ! 'pﬂy%uégi terial

energetic electrons that may further ionize matter. Alpha particles are identical to the
nucleus of a helium atom and are produced by the alpha decay of various radioactive

25  nuclei, such as isotopes of bismuth, polonium, astatine, radon, francium, radium, several
actinides, such as actinium, thorium, uranium, neptunium, curium, californium,
americium, and plutonium.

When particles are utilized, they can be neutral (uncharged), positively charged or

negatively charged. When charged, the charged particles can bear a single positive or

30  negative charge, or multiple charges, e.g., one, two, three or even four or more charges.

In instances in which chain scission is desired, positively charged particles may be
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interactions, as determ ned by the energy of the radiation. Heavy charged
particles primarily ionize matter via Coul onb scattering; furthernore,
these interactions produce energetic electrons that nmay further ionize
matter, Al pha particles are identical to the nucleus of a helium atom and
are produced by the al pha. decay of various radioactive 25nucl ei, such as
i sotopes of bisrmth, polonium astatine, radon, francium radium several
actinides, such as actinium thorium uranium neptunium curium
californium anericium and plutonium When particles are utilized,

they can hesReu (BlarHee@regeddic nRaRl tWNe%'p!ﬂféR@ﬁ@Qﬁih@é’d megaticetan char ged.
When charged, the ‘charged particles can bear a 6)05| tive or

30negat i vehayh tegenss ofra IRHingiclsrEo: REgES:; ©-&- §00, IB%IgQ% 00y h0-8W 4r even four
or nore Ch&f@ﬁ?@O 0d nurhéﬁﬁ@rﬂgsg%f ) fkstn\@@l&ﬂoﬁ hﬁér@xaﬁﬁfyl@ sthé)ﬁhrhcf’les(i%ﬁ hied
p05|t|velycarge particles may desirable, 1n due to their acidic
nat ure. Wiesmspafroimebes ataniguiit tozaédut 15 etoput wiit] o, am}\?é a{oHEC mass of a
resting. el 0 0 1 or even
100, 0005 £ En?t th ?ﬁdut 90 atgﬁl?cfﬁn?tg or%‘ogl aboétlol tgta?xgthS FelgoloQ ?Q 9 10f gle&(p)lgrtl ol es
can have aanmasz&coolferaftommcdbcoa,ctcelbrawtthmpa:tmjm dan b@ela@matathm, atom c unit s,

e.g., froma l.a L C..5uni t ab Orgf rom about 1
to about 2 el? Hﬁlamlif?eg%{ﬁ' gfleaa ma@neticdn&)%:% Pne%fsgmoﬁtl '(l:lgc g/ < at F)r s used to
accel er at eex'faﬁt@lep@fcldtlbh &Pcaadtideoshecivaiddieaidne IEEX;,Beeglmnt suohlymthm c. DC, RE

i near, netic inducti ear or, conti nuo | e,
cyclotr o?ﬁ%’@ éeéffséqnét"&rﬁgll)éf PHYFSFIPRINrSF P alfl mégll): )fﬁl‘gﬁch as the
Rhodot hONOINAYSEL rBucPMH the€Danti¥oen. aﬁﬁﬁfhrﬁf ih ¢ cSlertids Q’é@[sbﬁd@écﬁnf romM, now
| BA. Industrial, such as the nam |l ron0. | ons and | on ac&gl 8e)r tors are

di scussed Infodustary NuelesrRiyNEfe PP Johralit & Sans, Kica Wley &

S I | e, i 19 Wl I
T?,ns O/g(r:vflgv%ggﬁhdﬁ%(?gﬁf)%eanzl %&der%&algyﬁlcgn(rnbgg%rvéw ﬁch@?’-l?%“A Meet i Ingm

18- 20 Mar chhe2q0b Colw@m&oh\o, IGRUANEA Mgtingr 18230 MeroPRae s i 6tRlaH- DI L f or
He | P . h,
avy- | Onah@gﬁlflgan%@,ﬁgs -'E%l @stg? ilg-ll)"lfirfag évyrigﬁ P/R{dﬁgl ACrPPGs ImdidRYEY

Scot | and tatds o e Superconducti ng ECR | on
Sour ce 13/enofSEPAE WeﬂdingsglufSCEMd:dQ@D@neNCGMmi al. Alpsatysi cd the In some
enbodi nent I 1ECLron b &l IS A beam of
el ectrons %‘%chtoﬂ éour‘fe enuﬁuﬁggeeear %Qfgﬂ{@@%&}d ?,ﬂmﬁg% g&gven 10

M ad per s econc[)n somé gdnbdidnnnemg h[.’uﬂiim of dsdronistiatdureint radianch Joess. donf i nenent

5015/ 01 3, DRI SARET SRS BreRrORS HAA ek of bs ot 5D RRVELE nave o

penet r at i ogecaePtiptofhrdughut,3ss mtanmem a;d Isdsebnfarmétt aiprent. Senrogases,
rrul tiple electron beam devi ces [ eads, oft gn .referred to as

Lti
"horns'®) af® Ao BYe HErichet C?’Hﬂnﬁl B‘I“% SHEEVs q’&f‘d e £ e GPPH ARG adi ati on to

the materi glergiddtirsi- 10 by & l@dvc'@%@ﬁ@tlﬁ%dcpﬂﬁoﬂ&&uablmmaﬁlhbﬁvﬁdh By4outi i zi ng
mul ti pl e 25accel erati ng heads or exanple, the electro gev ce may

i ncl ude tweim-flageme erseBRE Dk deqton Re4h 4o Hiess 42 » Multiglgce el ectron

beam devi cg dzﬁ}{oﬁl?f)"a&%ed‘ t@%h@&%htﬁﬂ@&ds%m%nb&ﬁpﬁdﬁﬁoMIﬂféﬁ has a beam
power of 300 or a total beam power of 1200 kW The use of nultiple

heads, eac mawflawhcﬁﬁngia@taéb?a@l parviey &l upudlbgchiesan Yowbiving gréidht s excessi ve
tenperaf ur gcccfeﬁi?mé Heatdp.ekaﬁ{lf)lg,l the H1BGFERYark? ﬁ%%ﬁﬁﬁclﬁ@é mo':' Q)u?,fort he

more accelerating heads. As one example, the electron beam device may include four
accelerating heads, each of which has a beam power of 300 kW, for a total beam power
of 1200 kW. The use of multiple heads, each of which has a relatively low beam power,
prevents excessive temperature rise in the material, thereby preventing burning of the

30  material, and also increases the uniformity of the dose through the thickness of the layer

of materjal. Irradiating with multiple heads is disclosed in U.S. Provisional Application
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30material, and also increases the uniformty of the dose through the

t hi ckness of the layer of material, Irradiating with nultiple heads is

di sclosed in 115. Provisional Application No. 61/394.851. filed Cctober
20, 2010, the conplete disclosure of which is incorporated herein by
reference. Electron beans can be generated, e.g., by electrostatic
generators, cascade generators, transformer generators, |ow energy
accelerators with a scanning SySiefil, |ow 5energy accelerators with a

I i near cathode, |inear accelerators, and pul sed accelerators. Electrons as

an ioni zi ng, kadbaks ORI RAWLGR: Q’@Qomtﬂé%@fn'ﬂlete Bsclhsureflo@ivhicBlightotpbitei Ni N pil es
of materials, e.g., less than 0.5 i'nch, e,g., less than 0.4 inch, 0.3 inch,

0.2 inch, hsreinbssfaenen 0.1 inch. in some enbodiments, the energy of each
el ectron of th%l&'tr@t?%é g‘gl cgﬁﬁ%én%ratcrdogé aﬁ%ﬁcﬁ%s@tld\%yelta%r@@&%dez MeV

(mllion electron volt g., fromabout to i nabout 1.5 |'s4eV,
or from abgsutraQrs7trivisiprner @bciatorSlloz\Beﬂmv ac@lesgiois ovithesaningrsaefpat iovn devi ces

may be pr I i mta4l cuve,
el gi ur or S rRREES Btheiesods, AP R ARl 8 L e O aner o1 o5
can be 1 Metrods MaMmﬁzﬁg MeliAtiold s@rMn bc)uscﬁﬂ dve Mor Miativelalthiepdestafon beam
irradiation delce r W 00 kW
250 kW or MEHE %mﬁ'l%@%m&'f gép t&%&%%#&%%?@%&%é)g?s ﬁla depends
on the el ext ireh. Bmmy&mbsﬁdleaﬁs,dhé bergasgeachpbdcired pf mblellearcmx;aamuwﬁeoml ne
depends on .t he d . Lcal ose y l.ake .va 1 key, 5
kG, 10 kC%}’,O“tZ(b? &g’,rm%%g@ﬁ&%& 166& tsgaé;)%:’ %%%ROPL‘EE%{ °c Radi ati on
201 n erpodivaBnt. s McW, wwﬁr&hasdwohn\mdtoadbbm dsMpe. mined with el ectromagnetic

radi ation, the eI ect romagneti.c radiati on can have, ener er photon
(in el ectron vdt§&pnbranyiegiation f¢yiees wzbwoc‘éfeg ?rég 1%#°’F‘ﬁ8‘g}éi%§ 104,

105, 106, RQppIRYEhs Qfo%%ﬁfla-N@% BOZiu@Vor thd1T 1%%@?&%‘ SRS, (e
el ectrorragnetl c radi ation has energy%&ﬁv phot on bet ween 104 and 107,
| 0

e.g., betwbdicalgsctppdnagss eap bepipe f‘rﬁ@@ﬁe\f’ﬂé Ma¥i it!lfdhean 25have a
frequency 1ca?elgctrong)reﬁﬁtn?e{dlitﬁﬂ'aew;lpe /ﬁo@ve'r’léan &rﬁ@wef K @@kwoé%kw she, 10,
b

1029, or even greater than in some enbodi ments
el ect r o3ragh¥t 1@ k\MCRSch%mfﬁ&@,k‘é[ ﬂﬁledﬁyekﬂfﬁemlylb@’e%@hoﬁm f?e%ﬁmk1082 Hz, ex.,

bet ween 10de%et]ia% o?’i(t]l?e elddfron Qf?e%&used and the dose applied, while exposure time depends
on the power and dose. Typical doses may take values of 1 kGy, 5 kGy, 10 kGy, 20 kGy,

50 kGy, 100 kGy, or 200 kGy.

Electromagnetic Radiation

20 In embodiments in which the irradiating is performed with electromagnetic
radiation, the electromagnetic radiation can have, e.g., energy per photon (in electron
volts) of greater than 10% eV, e.g., greater than 10°, 104, 10°, 10, or even greater than 107
eV. In some embodiments, the electromagnetic radiation has energy per photon of
between 10° and 107, e.g., between 10° and 10° eV. The electromagnetic radiation can

25  have a frequency of, e.g., greater than 10" Hz, greater than 10" Hz, 10'%, 10", 10, or
even greater than 10*! Hz. In some embodiments, the electromagnetic radiation has a

frequency of between 10'* and 10%* Hz, ¢.g., between 10" to 10*' Hz.

Doses
In some embodiments, the irradiating (with any radiation source or a combination

30  of sources) is performed until the material receives a dose of at least 0.25 Mrad, e.g., at
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In sone enbodi nents, the irradiating (wth any radiation source or a

conbi nati on 300f sources) is perforned until the material receives a dose
of at least 0.25 Mad, e.g., at least 1.0, 2.5, 5.0, 8.0, 10, 15, 20, 25,
30, 35, 40, 50, or even at |east 100 Mad. in sone enbodinents, the
irradiating is performed until the material receives a dose of between 1.0
Mad and 6.0 Mad, e.g., between 1.5 Mad and 4.0 Nrad, 2 Mad and 10
Mad, 5 and 20 Mad, 10 Mad and 30 Isdrad, 10 Mad and 40 Mad, or 20 M ad
and 50 |vlrad, In some enbodi nents, the irradiating is perfbrned at a

dose rate pfst b@tzf\@%rb 8001816, 20596 30, 34, h@VSGd&/eb&Mt,lea@t 190 Miaet weeme10. 0 and
750. 0 ki | oradsl hour or between 50.0 and 350.0 kllorad5|bour§ I n sone

enbodi ment@nbogimsngsy thevrasiatigaiseriormasawtibes majesal jeesdves 8 dess AWEe or 10 nore

I oni zi ng 1 aghvald 4R%.o FR4d, @?aﬂa{v@en SANRhEMICENMVRE!, b 1aad &€ 10 Mrany or der,
with a beam of el ectrons, gama radi ation and W | ght havi ng

by g
wavel engt hradraod2@bbed, 1900ahmd ¥ Mipsuto Mgel anl 40 Mrad. o6 A& Mspbei Ment s,

sanpl es arg, 1y eat ed with three ionizing radiation sources, such as a beam
of elec rons gamma radi ation, and energetic LTV light. Sam tation,
Pyrol ysis and Oxiaad obodiBints, ddiredigmgtioparfadnet dtedosaregofbeweet he f eedst ock

may be treat one or i dation.

These tr eaaf elrd%{)(wf)r %Oc%g%heogr & baté”seé‘ﬂ@{éé‘?l n Ogggh%%i/)lg‘}fﬁg%g)e&}t ﬁd]é@(f?fs(cl osure

of whi ch |3&50101&mr4m@/haﬁred by refer ence her ein. Oher Pr ocesses To

Sol ubi l'i ze, guce Recal ci trance tanctionalize 12%1 Rl the processes
ocC

of this paragraphoBRa e HELY VAT %rrfgor\?nratdﬁaéﬁfl SOINGFS 6FC PRG S edses

descri bhed IIﬁGﬂ’e&d)rﬂzmeadiaﬂmst Fot ﬂﬁ'&ﬂpﬂ:ﬂ sathildy caf e ﬁéatédhﬁl @V@ﬁﬁ&%ﬂl aesor i bed
herein (in any ord

eam ex OSI on, m treatnment (e. aci d
treat ment {fiSHEHoRR °‘d’6‘§ BHEL 1a3?|‘bla’lﬂ1| W?@l V‘é‘gt""taﬁ%l? té%‘ %‘ﬁ’hh ner al
aci ds, sucippasn &HbuIEe nAC 16 sorhy Shsith&itd, @an&}ﬂés%r@ﬁﬂ@ht@lﬂﬁﬁﬂhﬁ‘ee&&hﬂﬁg such as
trifinoroacetic acid), ) and/or base treat nent e.g.,, treatment wth [ime

or sodi um HYEHIRIHEES, suwsmbé%ﬁl ﬁéﬁ?ctrog@rgéwr@ﬁdﬁ%}@mowdfsffs@&t%rhlﬁ % see,
e.g., US. Patent Application Serial No. 61/073,530115, 398, filed Novenber
1817, 2008$omsﬁyduy1gr}tyrbryeistmrmkirdaabﬁent with ionic |i qU| ds) and freeze
mlllng(see U. S. Patent Apllcaftlon Serlg J}{081 709) .

ln addltlon to radiation treatment, the feedstock may be treatéd with any one or
more of sonication, pyrolysis and oxidation. These treatment processes are described in

USSN 12/417,840, the disclosure of which is incorporated by reference herein.

Other Processes To Solubilize, Reduce Recalcitrance Or To Functionalize
Any of the processes of this paragraph can be used alone without any of the

20  processes described herein, or in combination with any of the processes described herein
(in any order): steam explosion, chemical treatment (e.g., acid treatment (including
concentrated and dilute acid treatment with mineral acids, such as sulfuric acid,
hydrochloric acid and organic acids, such as trifluoroacetic acid), ) and/or base treatment
(e.g., treatment with lime or sodium hydroxide)), UV treatment, screw extrusion

25  treatment (see, e.g., U.S. Patent Application Serial No. 61/073,530115,398, filed
November 1817, 2008), solvent treatment (e.g., treatment with ionic liquids) and freeze

milling (see, €.g., U.S. Patent Application Serial No. 61/081,709).
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PRODUCTI ON OF FUELS, ACI DS, ESTERS, AND/ OR OTHER PRODUCTS After one
or nore of the processing steps discussed above have been perforned on the
bi omass, the conpl ex carbohydrates contained in the cellul ose and
lietnieelltilose fractions can be processed into fernentable sugars using a
saccharification process, as 6di scussed above. After the resulting sugar

sol ution has been transported to a manufacturing the sugars can he
converted into a variety of products, such as al cohols, e.g., ethanol, or
organi ¢ acids. The product obtai ned depends upon the mcroorganismutilized

and the copglbbiRNEONGEFUMIEA DS, BSPRRICLRBIHDE AR PRODEEESSt eps can be
per formed,~Tor exanpre, Utilizing f.ﬁe exl st ng equi 5rrent of the com based
et hanol manuf actfter prrgerfrast pf thy processing stypredispusses bqye Sewseas PyEHIMeYui pnent

di scussed bB B 2o SpIBE cHEFHANE bl BLORRRCR b Omd EmEmiteRd,

Advant ageo‘ﬁlgﬁgi,ngt e’%gﬁlé%épsg/s?(gﬁg hl;escr?lbeql her el n.do’r.lnotmi npart high
shear to tfetibisquitle pancsaiontdermenghiefigamsing arsafcherifidaionpieeeshlast enper at ur e
of 16th5e I'isq:uissdda S, .2 result, the m croorgani sns used in Hoprocessing are
mai nt ai he N8 viabl e condition thr oughout the process. M xi ng may enhance
t he reaction r atferardesuitipgougr sdletieffas bicaneyspofied tve mpanotessing Gerdy.al | vy,
fermentation utilizes various m cr.gorganisns. The s r solution produced
by saccharti%? F‘igﬁ‘ﬁsi%ﬁg%?onlv? JR8PVEEE ngrﬂﬁlfcésr Fugh s %C%?Sggﬁére tle‘:‘f‘?@’ TContai n

xyl ose as Qwed dci@s Tgk YRABA oblainedBypehés Pos itteabik@otganivanmliecdidne they| ose,

e.g., by chronatography, as. sone commonl sed m croprganis e.g.,

yeast s) docqlig‘l“o%ﬁz‘fnd W W&@!OPW?SWIOB%Z%S%%@SBW g@%’é’%“ﬁ% f‘&ti lized in
the mandf aghmhR, AfliAHhRE ciREUGliSmer? ofthe cOMLYIBd diR@disnand ctufiag sweet ener
Xylitol. The .xyf ose may be renoved prior to or after delivery of the sugar
sol ution t@Hifle manufacturing facility where fermentation wiil be
performed. 25Thg, 0iigin0 3f FANRESII CRNphEH: isbalstl Rlrcilhial AR5 980ica Muhg an

engi neered m croorganrsm e.dg. , any of the m croorganisns discussed in the
Mat eri al s biepppassingef desined. Advantagrgeslydhg mixmespstens dgperled ek ¢t about pH 4
to 5, whil ihRhLATnR o fifr gPé'l%?féﬁl FQ R REh R RO TYpI cal
f er ment atibr{)td%}??%gh%re ggg {118,2%15%6?3 6 Ol{I_I’aSt'}IINiath tewpgr at ul%és_ien the range
of 26 T tthelig@l. Aowesselt, theinfrngiganissnisestio biogeasessing agOpriafamed il yher

t enper at ur es, e rhoxylh i i.dy\ Q. pH of the
forhontat 1 Sgerion TOLAREY h PrBSh MRy Ry SRAR Al Yab Mk sAE

m cr oor ganingnsve thaicfficiPhahifghegtroqess 1 s. Accordingly, it is in sonme cases

desirable to a base and/or. a buffer, before or durin e nfation, to
bring up the pEﬁgﬁﬁra@ﬁ’ef%%‘i“%fl%H&hzﬁ%?{aréo%%%‘fr%?rg@snés@ﬁrimu?nh%gl %roggﬁlglgﬁor lime can
he added t protiited be sdveidrdickion oftidhasililosiemewdile wilhgenptdllptortiie xpiesk asm t o

range that is optim for th icroorgani smutilized.
g 20 wel? as gucose. t may Ii)e des?ragile to remoge the xylose, e.g., {')y chromatography, as

some commonly used microorganisms (e.g., yeasts) do not act on xylose. The xylose
may be collected and utilized in the manufacture of other products, e.g., animal feeds and
the sweetener Xylitol. The xylose may be removed prior to or after delivery of the sugar
solution to the manufacturing facility where fermentation will be performed.

25 The microorganism can be a natural microorganism or an engineered
microorganism, e.g., any of the microorganisms discussed in the Materials section herein.

The optimum pH for yeast is from about pH 4 to 5, while the optimum pH for

Zymomonas is from about pH 5 to 6. Typical fermentation times are about 24 to 96 hours
with temperatures in the range of 26 °C to 40 °C, however thermophilic microorganisms

30  prefer higher temperatures.
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Fernmentation is generally conducted in an agueous growth nedium which can
coniain a. nitrogen source or other nutrient source, e.g., urea, along with
vitam ns and trace mnerals and netals. It is generally preferable that the
grow h medi um be sterile, or at |east have a |ow mcrobial |oad, e.g.,
bacterial count. Sterilization of the growth medium may be acconplished in
any desired manner. However, in preferred inplenentations, sterilization is
acconplished by irradiating the gromh nmedi umor the individual conponents
of the growth nediumprior to m xing. The dosage of radiation is generally
as |ow as possichlxytiidcf gt%ddb eRBIBIAW Shadeatat ermaaitdnSolution,or der to

m ni m ze 15energy consu ion and fesulting cost. For exanple, in many

i nst ances, terdie tgﬁfévhlﬁemi%ﬂml LS SPITC BT AN TUSh BfChtaH‘éP'@‘P owt h nmedi um can
be treated MdeforS&Cdiridg | €ss than
4, 3, 2 or A‘?%‘}Sﬁhég’ Et‘i‘%fng%fgg??s?%&?gg{l%%%gg bsgta%gd/grr%%ﬁf&r?g ol umis gr eated with
a dose of foeteneson,abbutg up thnpH 3f e aelutiom Fop preamaih oeilivre Ry &oxide pr lgpe a porti on
of the fer r | ecul ar
et gnt. Sagan o LB B RERER BRI AR A RAEHE I BFGPELANG b s ik 0

f er ment at|apnnmnddumbmwrum’gwiﬂnhulgzledconcentratl ons of sugar and

car bohydr at es. Thes i nternme at e f erment ation 0 sed in
preparation of F%e(??af%? 18@6%% VAR ?’crlap L oRSuUm ?g%%%%ﬁ& t' onal aﬁy or

al ternat i v@hin 4 hi€odentseurtesh dlice nﬁtﬁétﬂf&ﬁﬁrﬁé ie@n uparaoalungmtlcantarﬂues gdound to a

fine particle size in a st nless 5nul.l to oduce a
flour-|ikerspdteapead tetals. ﬂsngeg‘ff tSéaé’?ettﬁé&alf éﬁe‘fb‘gn &f%f)tgliﬂg °Ta

descri hed 4 MbastWaw a BxOMicibo &ad Rat. Gd"abteﬂﬂ[%bmﬁaSteﬁﬁzﬁeﬁbﬁihe @EUV\&BZ 735 now
Publ i shed I nternati onal Aﬁpl ication No. WO 2008/011598, full disclosure
of which |®ediveaieEoF AsEPHEIEEhanY dopksT. NRERE SRS ALY erF ment ation, the

resul ting il wnfataGary, B6riithagsd & h&BnmipBinag by 1191di LA MR LowR mdABEK ot uMm™ t o
separate ethanol and other alcohols fromthe majority of water and residual

sol i ds. Twedwaip@lrcommq‘nﬁg)f Megrwérmeémnuwwré(aﬁuw Blegiosagssﬁ/&aﬂw%}sg ht
et hanol &(xgrgp%%el %ﬁg ibf WE Rkl 'oﬁﬁiﬂu@"&d@&ﬂa%sult@‘ iFoxdetoSni@fminear | y

azeotropic and water fromthe rectification colum can be
purifi ed t@lemrcen&(ug@tl@%nde‘cmmcosls IFage A Ep s mph%én%mc@etheﬁo‘@h eves. The
beer col UMe o tt%]? Can fn?s orﬁh om%e;d]hfrégane&ce I%Qtted%th%r‘tidwtﬁ)% oggé( ect

evapor at or T8 ree i'on” col m1 reflux con enser can provide heat for
this firstofdékden.s Mfaﬁmuch heledsithaitd, 8f T ect Mraiolln cidannsacesefaratvel using a
centrifuge and drie Orota on (25% of the centrifuge
ef fl uent caf 15‘818rt«5%ay°(9l"3813t%03?8% cgta¥%uﬁ laaﬁccile%%ar est sent to the second
and third evapanatos erﬁf)(‘fdﬁiﬁérﬁs al‘l/bﬁﬁp@‘horﬁ hﬁhefmpematanrprmssdmnbate can be
returned to the gé ﬁ"r n condensa 1portl on

split &¥f PETHALE ‘f’r’é twefggl?f)"rgé(/léﬁ?mglﬁf Fydsoﬂﬁe ? ¢ ovv- §6i 1i ng

conpounds. TEM@MtAﬁ&MBnW&I&H@ Wsihngndchratpsho 6£sg@sandescr i bed
herein, the treated bhi onass can be converte&fto one or,.nore gt'lOd cts, such

as ener gy, capbydrates hhlrse HifgmagitsfFracatatiaadydscag ﬁﬂiﬂdé%p‘iﬁPar cts

include, Dbpyd#5:@uRQh of ér{‘ﬂlﬁl%@ns;uﬁlptlbf{ dA 8@8hallRbe AR 5ivE1S, tBe intdi@BAMEdr i C
al cohol s or dihydric al cohols, such as ethanol, ti-propanol g nbut artol ),

hydrat ed oferhgrditisngradueis e e greund. (o a S paTiAF sige gkcbéfl%‘ﬁbbr%e&h P920% 30%
or evegnggr At & r(gcﬁl@@a ﬁgtéo MRLEEstance.

In some cases the tank can be mobile, as described in U.S. Provisional Patent
Application Serial 60/832,735, now Published International Application No. WO
2008/011598, the full disclosure of which is incorporated herein.
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20xylitol, sugars, biodiesel, organic acids (e.g., acetic rid and/or lactic
aci d), hydrocarbons, co-products (e.g., proteins, such as cellidolytic
proteins (enzynes) or single cell proteins), and m xtures of any of these
in any conbination or relative concentration, an.d optionally in
conbination with any additives, e.g., fuel. additives, Oher exanples

i ncl ude carboxylic acids, such as acetic acid or butyric acid, salts of a
carboxylic acid, a m xture 25o0f carboxylic acids and salts of carboxylic
acids and esters of carboxylic acids (e.g., nmethyl, ethyl and n-propyl

esters), kehSPePROTCESsIREet one), al dehydes (e.g., acetal dehyde) al pha,
beta unsaturated acids, such as ael él ie acid_ and oI efins, ﬂ gs et hyl ene.

Qt her al cohol s #digf cAMEIHEN. GeFisubing Jeids pamdiedirslied B ex f& glycol,
1, 44- but asighiPlio sehardte JARAPBMEDiHRY alcdﬂétsh?ﬂm Bk l’rﬁﬁ(ﬁ'ﬁdf 013\55‘[@* and Qésui%ﬂly of these
al cohol s. ther products include 30neth % aer,date, neth Inethaerylate
lactic aciwlidp errvgmr@xmg the beertopuims cae pel e s ¥ i ‘&elglﬁ@ﬂ’@;ml and can B

3- hydr oxy i0 S a0 R1 Mt ddse of any
of thqucﬁggehﬁg&gggﬁ%c(%%@n§§ mﬂ&cgﬂ&n@é%%mgpﬁg%%?ﬁggr%tes and products,
i ncl udi ng ﬂrcumdlcatcmilﬁpdttain cnaoeuen bapurgicdduptrs (9%Y%e) deserusbgdaper-has.  Seri al

No. 12/417 the f di_sc| i ed by
ref er ence IH cdlar sweseﬁ_l;::'llls IER%@BI %éﬁ?éorgg came%%rt 'tc?t#g?lrs? Q#ec‘?‘h{)e{'@? ﬁ%ﬁ{egtt have
been desc revbpcdatofxler&errédmﬁlcﬁm colutnnweﬂldx dmadmde:as poode thbaforthis fiotis

nodi ficati part fromt h nd scope of
the di scl o%??rmenaf{e@q}?fg% e#n‘iﬂli] g gls?pgﬁage SHé ascy?gtfjeurgg aa‘ig gréeudglggd herein, or
conponent srogky ifeser pofﬁbre(rzs%) BBihe bﬁmﬁ)ﬁlgé affluent cen g r,ecyclbdttdﬂ Ermanaen of t he
nobi | e pr ocessr ng [g nment gelisj@i ged in Ué ﬁ\é] Ihlo 12/ 374,549 and

| nt er nat i o4IRSSHISFEAR 116 3°RBY AR BHBEPHTLE §8°Ctt Osl'tﬂﬁ C§rei¥ures of which
arc incor pQhatRete bal &l Ietumédr@tfh@ ftia@s@ as fam}aayan%nadamaw&me@marmgorﬁmst ens
descri bed herein, the flow of uid and/ or_15gas) through the

di sper si ngsp&jeff é’rﬂV@é?nWﬁ@T t&“éﬁ’ﬂqnﬁi&’dﬁ%"e@rb 1@ &d lovsPoling HBIOHAYS on of peri ods
of continuous flowwth intervals of pulsed flow Wen the now is pulsed,

pul sing cCaNPERMEDIATES ANDGERthCTS V\hi | e tanks have been ref erred
to herein, the process nay take_ place in pe of vessel or container,

i ncl udithg | agod#gne tb@erosessir&%félb%@r@ﬁéhr V?@éed h‘?mi‘sﬁéalbl?ﬁﬁoa‘i’"’r‘i‘éfl 13 ¥ owhi ch

|m Xi 39 tT ﬁk&%&% RS s8h dsRnGEP WS, $ddy EdMhResME NS REIfid ckageybr 1t may be
I he e
products include, but are not limited to, hydrogen, alcohols (e.g., monohydric alcohols or

dihydric alcohols, such as ethanol, n-propanol or n-butanol), hydrated or hydrous
alcohols, e.g., containing greater than 10%, 20%, 30% or even greater than 40% water,

20  xylitol, sugars, biodiesel, organic acids (e.g., acetic acid and/or lactic acid), hydrocarbons,
co-products (e.g., proteins, such as cellulolytic proteins (enzymes) or single cell proteins),
and mixtures of any of thesc in any combination or relative concentration, and optionally
in combination with any additives, e.g., fuel additives. Other examples include
carboxylic acids, such as acetic acid or butyric acid, salts of a carboxylic acid, a mixture

25  of carboxylic acids and salts of carboxylic acids and esters of carboxylic acids (e.g.,
methyl, ethyl and n-propyl esters), ketones (e.g., acetone), aldehydes (e.g., acctaldehyde),
alpha, beta unsaturated acids, such as acrylic acid and olefins, such as ethylene. Other
alcohols and alcohol derivatives include propanol, propylene glycol, 1,4-butanediol, 1,3-
propanediol, methyl or ethyl esters of any of these alcohols. Other products include

30  methyl acrylate, methylmethacrylate, lactic acid, propionic acid, butyric acid, succinic
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contai ner may be covered,ifoutdoors, or uncovered. Whi | e bi onmass

f eedst ocks have been descri bed herein, other feedstocks and m xtures of

bi oma. ss feedstocks with other feedstocks nay be used. For exanple, sone

i npl ementations may utilize m xtures of bionmass feedstocks with

hydr ocar bon- 25cont ai ni ng feedstocks such as those disclosed in U.S,
Provi si onal Application No. 61/226,877, filed July 20, 2009, the ful

di scl osure of which is incorporated by reference herein. Accordingly, other
enbodi nents are within the scope of the following clainms. WHAT IS CLAI MED

1S 1, A nmefhod hGauRyr&liotEe a8AGGHRLT fyionthedcial sBsHixheeosingek thencids | i qui d
mediumin a vesSel to forma sugar solution having a concentration of at
| east 159tand ggsEectign®dist i ng the sugar 5solution to a product, in the sanme

vessel, utili Zid)ger3NeBRAUIE 1ANEH0OAt2ind g 6P $Mrmaceutical plodudBle Met hod of
claim1 wherein converting conprises fernentation. 5" The et hod of

laim 1 or @e dveritsidnn BdhSeral Nog! 3411108y the Sldiscdasyredif sthigh|inkqrey, 4.

The metho L @ f%gﬁ in. distillation conprises vacuumdistillation
15 %?&#ﬂg %%E%% 0 égbgph14 wherein distillation is perfornmed at a
vacuum of | ess than 70 Torr. 6. The nethod of any one of clains 3-5
wherein distillation is perfoREESEREMBRDEMENTISper at ure. 20

A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the disclosure.

10 In some implementations, the systems discussed herein, or components of these
systems, may be portable, e.g., in the manner of the mobile processing equipment
described in U.S. Serial No. 12/374,549 and International Application No. WO
2008/011598, the full disclosures of which are incorporated herein by reference.

In any of the dispersing systems described herein, the flow of fluid (liquid and/or

15  gas) through the dispersing system can be continuous or pulsed, or a combination of
periods of continuous flow with intervals of pulsed flow. When the flow is pulsed,
pulsing can be regular or irregular.

While tanks have been referred to herein, the process may take place in any type
of vessel or container, including lagoons, pools, ponds and the like. If the container in

20  which mixing takes place is an in-ground structure such as a lagoon, it may be lined. The
container may be covered, e.g., if it is outdoors, or uncovered.

While biomass feedstocks have been described herein, other feedstocks and
mixtures of biomass feedstocks with other feedstocks may be used. For example, some
implementations may utilize mixtures of biomass feedstocks with hydrocarbon-

25  containing feedstocks such as those disclosed in U.S. Provisional Application No.
61/226,877, filed July 20, 2009, the full disclosure of which is incorporated by reference
herein.

Accordingly, other embodiments are within the scope of the following claims.
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7. The nethod of any one of the above clains wherein the product conprises
an al cohol . 8. The nmethod of any one of the above clainms wherein
the feedstock has a 25bul k density of |ess than about 0.5 g/cnB. 9.
The met hod of any one of the above clains wherein the |iquid nmedium
conprises water. 3010. The nethod of any one of the above clains wherein

the saccliarifyi ng agent conprises an enzyne. 11. The net hod of
any one of the above clains further conprising mxing with a jet m xer
during saccharification. 12. The met hod of any one of the above

clai ms furyigr ©@IRiMEDNS mMonitoring, a glucose level of a mxture of the
feedstock, the liquid nmedium and the sa.ccharifying agent during
sacchari fi cati dnAmethod compdsinghe met hod of any one of the above clains

further compr i Si,08,AREld0yBATN AL ARG & £Rdoskanth saccbabidu 20 agent to

t he vessel during sa Ication an persing the feedstock in the
medi um usi sugat thnsmh@ialmneqmtaeinn of at least 13%, aiirbcomeetiing tiof sugay one of the

above cI ai rein the.vessel s at 5. The met hod of
any one’ of® ”?lhtbone(%\?éo%icgil evxsﬁglreé'feﬁ e[ gﬁ%lg%%%?&gf?e B4 ?rlages a cellulosic or
I'i gnocel t uhasbdrgam@t@ri al. 16. The nmethod of claim 15 wherein the feedstock
conpri ses paper. 17. The nmethod of any one of the above clainms further

conprising adding an enulsifier or surfactant to the mxture in the vessel.

| 1'3. The nethod, qfhe%ema gfc?.ﬁm“l WHEREIon GQRRE cSth P sd¥ifdiniG talion, Ng
di stillation. . The met hod of claim 18 wherein m xing during

distillation is perforrred using a jet m xer. 20. A system

compr s ng: 303 hdnecndk St o AHRLEM GAVLAY R 0fpHUer a bi omass

f eedst ock,
distillation.

4. The method of claim 3 wherein distillation comprises vacuum distillation.

15 5. The method of claim 4 wherein distillation is performed at a vacuum of

less than 70 Torr.

6. The method of any one of claims 3-5 wherein distillation is performed at
ambient temperature.
20
7. The method of any one of the above claims wherein the product comprises

an alcohol.

8. The method of any one of the above claims wherein the feedstock has a

25  bulk density of less than about 0.5 g/cm?.

9. The method of any one of the above claims wherein the liquid medium

comprises water.

30 10. The method of any one of the above claims wherein the saccharifying

agent comprises an enzyme.

40



saccharification agent, and 3 liquid nediumto the tank, a m xer
configured to m x the delivered bi onass feedstock and saccharifyi ng agent,
and 5a vacuumdistillation systemin comrunication with the tank,
configured to distill a product fromthe contents of the tank. 21,
The system of claim 20 further conprising a delivery device configured to

i nocul ate the contents of the tank with a m croorganism 10 22. The
system of claim20 or 21 further conprising an oxygen nonitor configured to
nmoni tor the oxygen |level of the contents of the tank. 23. The
system of any one of clains 20-22 wherein the m xer conprises a jet 15m xer
24. The system of any one of clains 20-23 wherein the delivery system is
configured to déi iThemethns dfiaoyrarsofitheaeveclaimn firthieq (PP FHEBE 0WFID® t he t ank

inthe f Or\RHtﬁ];je% nﬂ;(estptﬁlrrﬁlig%QCchariﬁcation.

5 12. The method of any one of the above claims further comprising
monitoring a glucose level of a mixture of the feedstock, the liquid medium and the

saccharifying agent during saccharification.

13. The method of any one of the above claims further comprising adding
10 additional feedstock and saccharifying agent to the vessel during saccharification

and dispersing the feedstock in the medium using the dispersing system.

14. The method of any one of the above claims wherein the vessel comprises
a tank.
15
15. The method of any one of the above claims wherein the feedstock

comprises a cellulosic or lignocellulosic material.

16. The method of claim 15 wherein the feedstock comprises paper.
20
17. The method of any one of the above claims further comprising adding an

emulsifier or surfactant to the mixture in the vessel.

18. The method of claim 3 or 4 further comprising mixing during distillation.
25
19. The method of claim 18 wherein mixing during distillation is performed

using a jet mixer.

20. A system comprising:

30 a tank,
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15

a delivery system configured to deliver a biomass feedstock, a
saccharification agent, and a liquid medium to the tank,
. a mixer configured to mix the delivered biomass feedstock and saccharifying
agent, and
a vacuum distillation system in communication with the tank, configured to

distill a product from the contents of the tank.

21. The system of claim 20 further comprising a delivery device configured

to inoculate the contents of the tank with a microorganism.

22. The system of claim 20 or 21 further comprising an oxygen monitor

configured to monitor the oxygen level of the contents of the tank.

23. The system of any one of claims 20-22 wherein the mixer comprises a jet

mixer.
24. The system of any one of claims 20-23 wherein the delivery system is

configured to deliver the biomass feedstock and liquid medium to the tank in the

form of a dispersion.
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