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SUMMARY
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, e.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  toaproduct, 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, ¢.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/crnS, e.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/crn3. Such materials can be

especially difficult to disperse in liquids, e.g., with water or a solvent system for
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feedstock may include a cellulosic or IlgnoceIIuI05|c mat eri al .
and converting 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
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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 ecthylene, 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



or butyric acid, salts of a carboxylic acid, a m xture of carboxylic acids
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et hyl andwo-2prigpyi44est ers), ketones, al dehydes, al pha, Pperaseonsaserat ed
acids, such as acrylic acid, olefins, such as 30et hyl ene, and m xtures of
any of these. Specific exanples include ethanol, propanol, propylene
glycol, butanol, 1,4-butanediol, 1, 3-propanediol, nethyl or ethyl esters of

any of these al cohols, thyl acrylate, nethylnethacrylate, |lactic acid,
pr opi oni @ae&lcogefsym@eﬁggwlﬁtes aeéﬁfinethawf&}ey, %@Cﬁg}a?léx%mmccﬁﬂ acid, a
salt of gnyriohcil NGcanicdRic@athydrdlySdpidhiClci@WsaRlor e o PGk dsiaangh § espect i ve

salts. TheSe and other producCts are described in USSN 12/417, 900, the
di scl osumextwifc offanyg hf the acwds engpoaspeaticie baltsy dheseasleothamedductseBeliscdbedity is

det i i O5B. PBri ly,. th th i | falli
eaeur] S 17 he GROG e ot Sl chvis bieGuie P By RSB TRCil & i ot of
the sanpie. Theikihkidemsiohinid usinh A8l &5l syBABYicH e Fomowsh@Hcsof t he

sanple in granms by the known volunme of the cylinder in cubic centineters.
Al publ filagjagneasuieg edindgpgi knoam; vohane pihaseapleand obtding petcegldeées

. . ¢ o ¢ .
thei 1 ente RRger ghe B B Lal iy Fil QARE ELA R Bl iR Fi
1 is a dbpgicamoivhvesiiniadf thg ctliirlcemzoubit dcatimyainl ysis of cellul ose to

glucose. FIG 2 is _.a flowdiagramillustrating conversion of a feedstock to
et hanol vi a 18Hmuhlicatioph Paisat #rplisaiiangt Pasents RN ofher rdaranass mpntigped FI G
31is di ag WGl i ] . td f roduct ,

c. - 17t RN IURL S bRl ok Ty SUBAER HGhiPRARUS AR Bt Aef
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FIG. 3 is a diagrammatic illustration of a system for production of a product, ¢.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 element 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.



anot her enbodi nment . FIGS. 7 and 7A are diagrans illustrating
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20  mixtures of these. Generally, if required, materials can be physically treated for
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processing and/or after processing, often by size reduction. If it is necessary to reduce
the recalcitrance of the material, the physically processed processes such as fermentation.
Many of the processes described herein can effectively lower the recalcitrance level of
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



two, three, or even four or nore of these technol ogies or others described
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The materials that include cellulose can be treated with the saccharifying agent by
combining the material and the saccharifying agent in a liquid medium, e.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



destroyi ng netabolites. These enzynes may be a conpl ex of enzynmes that act
synergistically to degrade crystalline cellulose or the lignin portions of
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cel | obi ohydr ol ases, and cel | obi ases (13-glucosidases). Referring to FIG 1,
a cellulosic substrate is initially 10 hydrol yzed by endogl ucanases at
random | ocati ons produci ng oligoneric internedi ates. These internedi ates

are then substrates for littin Iucanas S suc as cel | obi ohydrol ase
to produd¥ %@P@ BoPE SHR Rl Hin BroSFISABE IEtH}éledlé‘PF%:fi%%fé SBFA FRRCCNERIQIH| ose i s
a water-gqhiubhe 1,4-1inked diner of glucose. Finally cellobiase cleaves

cel | obi ose to yleld gl ucose. Suitable cellulases will be discussed herein

inalater seEnmmmmand%KmMS&ﬂﬁnﬁwnequgmedn$6m1bWQQHQWQb3mmBhanﬂiMdaeion

1 d t dit d th feedst d d. If
e eha LR s P B e e O R B St bl R B R G B T ol o

CondlélOaﬁmkﬂﬁﬂ:QQZﬁngﬁﬁuﬁ&%)Q%nﬁﬁ@%kﬂﬂhh@ﬁéﬁhﬁm&bkemybﬁﬁmﬁ§fted to
gl ucose in about 12-96 hours saccharification is perfornmed partially or

conpl et edl§ptroying magtafiofitess ddetraanzynenmip e reympleoficorgess. thatgrh some cases,
SaCChar ! %}(“t%‘a%lﬁti%gﬂ%% (Pe% fd%r sgalﬁﬁe &118&% ? yr &B%%Enn‘lp tgg?ths %f%tlc%nasfsabom 4.5 to

6, or genera prererre i nal

concent I Bkdrople06f @lIURORE dnymhﬁnsmgarenaoglut:axﬁsbsbeelroeio@pdwsys ahgh, e.g.,
greater than 10% or greater_than 15, 20 40, 50, 60, .70, 80, 90 or
even gr ellobiastdf-dumbidpsarei Beferrmerp §IGeH@cfé%1uk0ﬁ@ sybYtARISERtBY shi pped,

25ang, al ?ﬂicg ?9&&315 érhdﬁigﬁf Is&l at?érﬁi%plocgtl&ng I‘é(Rll g% o onfeaflg-ﬁ{tergledlates

sacchari I on e-vo wat er can evapor ati on
or di sti Thatiiprmediates ake tl&haubsmtqs fout gdm mnu@glumam seahl ast i on can be

obt ai ned [imti t he .anmount. of ter dded to the

f eedst oc® %meﬁ? g%&vﬁéucem ORI t‘é’? sy o e shuloshelaieed, e g., by
control | RELHQW W GASAERBRY 1 41iaREd Sthet @Fgl%c&éea%allﬁ%ll@aim&wes
30concentration can be increased by adding nore feedstock to the sol ution.

Sol ubi | i ¢eflobfose tﬂeylf:@@itmoa@kSmltableh@llnbdwmlldmrﬂlmsseddmmmdqlafemrsecéwarrpl e, by
i ncreasi ng the tenperatur e solutio and/.or Ly din a surfactant
ne wi T be i St SERE R Tor Raids REhithon B3 e e TR BR%E Pt Al ned a
a t enper gndittnQfind BreF0LdstdeR 2R Gnz okl GRE. Iﬂ)sracéh‘éﬁﬂcé’ticﬂhﬁberfcﬁﬂfe@ﬁﬁ kng to FIG
2, a process for manufacturing an al cohol &@» et hanol, can 5include, for

exarrpl e, mepufagsueng plaphyndee eontiplled eonditensi thg celdosemax bosubstaatiglly t o reduce

its entirely converted to glucose in about 12-96 hours. If saccharification is performed
partially or completely in transit, saccharification may take longer.
20 In some cases, saccharification is performed at a pH of about 4 to 7, ¢.g., about
4.5 to 6, or about 5 to 6.

It is generally preferred that the final concentration of glucose in the sugar
solution be relatively high, ¢.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 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



size (step 110), before and/or after this treatnent, optionally treating
the feedstock to reduce its recalcitrance (step 112), and saccharifying the
f eedst ockwbOaofiomns4a sugar solution (step 114). Sacchari fPcratsean/osam be
performed by m xing a dispersion of the feedstock in a liquid nedium e.g.,
water with an enzyne (step 111), as will be discussed 10 in detail bel ow
Wthout renoving it fromthe tank in which it has been saccharified, the
solution is next bio-processed to _produce.a desired product, e.g., ethanol
(step 11%1;t,ﬁe\%h‘%‘i’i‘l’ia§dpﬁ }ﬁa‘%‘flﬁ%éé‘éfé%t%ﬁ% el be @%S@%S,Sedo@elws?m PR (st ep
120) . PrgtebRbbY carfbStiinkAhdOR _a't@mﬁ@r‘éﬁ?@r SEM-56 L BE-DATEL(-QI¥EC, BPeven
saccharification and fernentation, e.g., using vacuumdistillation. The

i ndi vi dulilghst eps of this process will be described in detail below If

15desired, th teps, o asurin ignin content (step 122) and setting or
adj usting pr o%&%’“ﬁ%@a -er § P{%F Oﬁg‘&?ufé%ltﬁnﬁ%a‘b%‘&?laﬁn%&’S%‘a‘i’zaro]zr‘?aé‘us st ages
of the PHRRASSfor EmMRXIPRbEAlI stehllPpreltfeatilg tHIrRGRE&RkSE. EP{SkdiRa to
change the structure of the feedstock, as shown. If these steps are

i ncl udedsize Geepprldgestorp andioetftar shiatreataptispeehally teotmeths dtalsfook tovari ability
in the lignin, content of th eedst ock, ..as scribed | U.S. Provisional
nop! 1 cat ORISR ad) reh 435 €57 bR Medhy oS Pomb B sudhie Lol ot o
di scl osugstutsn (b ah4). SSdcoleRifRefidt & tegiclofmby by fidhgadRypersion of tHhe m xi ng
step 111 and saccharifying step 114 can be performed usin or exanpl e,

f
Che sy st ERTSeain AR Gedigm, Tie. svesgrsTiEnin Fraysdsicn 1 ks wibbe diusked
initjall i L quj j . t.aj ' e 128 of
| aut G b RE 8T SplB TR KRR, Mt PR Mo et el U 1
del i ver egbliitiont ib@ckttdndkptdieaud o prodadevedesptdprodusty s erhandti(stspang)) . The
system al so_includes a hgpper 130, in _comunication w i.spersing unit

had
134. TheVRsPpeihcp grasesed TyEher oy r adishladiondsfep 13Q)- ?é%@%abg/géisﬁqune‘ﬁt s,

e.g., fr FmSH P} et L) Ficafiol iR Bk iILe 36 associ at ed
with theﬁ oppe?, thé S%g(e:i |t§§§&he]l¥fﬁ?/eroy ao{i mat eralﬂgr;{’ eff’olfsn t%e H%gper. The
syst em aflistll3dnndhadesvidudisgpe of thigprondéss wiBde dddverbbd gqudaairedowmli s dr awn

into the dispersin it 134 framthe tank, and returned to.the tank by the
st o aemEihe YRS ofnditi s som e G 222 s e B SR PPRi S8 157 o

be abov epérﬁ'tﬁeﬂe:fso('s"@eﬁ 108y &I bedRriohR¥Nat vafioiBNadel of HEBrbR3S, IRHCESAPE: P Mer ged
inthe liquid in the tank. I'n sone cases, depending on the type of

di sper si praorunithe proeats glap(siviiseld thehatigs thisgrdtusepbihy fcadsieck s skowmelf i ncl ude a
PUTD. 199088 S ST s SRSy By 5300 BOMR b BLS he
noni t or  inhBe Mpsia @shicit &Xfthé Reddbskpas déserbanid 1ast Proaisenah&pplivipiohen t he
meas gor edN\lﬁn%)(e:f 6S li/ % gl 1 ,7r2e4?(f:'1?e(iisonaFe%;§a?§ t1 (la,rzn(;iog,e t(ljle \ézoirlng{ae'te disclosure of which is
incorporated herein by reference.
The mixing step 111 and saccharifying step 114 can be performed using, for
example, the system shown in FIG. 3. This system includes a tank 136, which initially
contains a liquid medium and later contains a mixture 138 of liquid medium, feedstock
25  and saccharifying agent. The liquid medium is delivered to the tank through a valved
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



In the enbodi ment shown in FIG 3, the feedstock is delivered to the
surface of the liquid nmediumin the tank, e.g., via a delivery device 32
havi ng a wel2ouamys4geonduit 34 (e.g., hose or pipe). The w@elrivsery/osrvtce 32
may al so be associated with a vibrating 10device 36, to facilitate flow of
material into the device. The delivery device 32 may be, for exanple, a

bl ower configured to blow fibrous and/or particulate material froma source

to a location renpte fr t he. source, t hroygh hose, e.g., .an insul ation
bl over sPRMINgOf e By BRApoE s E%ﬁgﬂﬁﬁ&wlﬂwwr dBEPEK,

Col or adoi, AR &HRTRbBeRbd & Bk BRI iR ﬂaﬁk.sﬁ%escﬁgé%ﬁﬁéﬂeﬁ@ilng%nitﬂe FhGorl2. A

hopper 502 of the blower 500 receives 15material froma nmaterial source
504, e. gdispdryinguamusagl (ehwilihe discwsbed below), theglysien may G5ideiagpumpy BBOuum 506.
Once in the hopper,.the material is de | oner at.ed.using .,a rotati devi ce
505, wni R PO TSP BEAT T h g P R el TP A T Pt Erisafies 51,
The rot agikpgside ¥y tan 2Hd/olaSAscoMRRPI4 MRS Abhiddr tROWRCJshy @B et Apepid@idig 514 to
an airlock 516. Delivery of material to the airlock is nmetered by a plate

or val veadivate tthpump whee kicgnerspoidaicasisreachss apstdetymistedrvotugt i ng’ vanes 520
that define C&a@%%%og?%% tﬁﬂ%d iR, ?,%% hQfeiflic RIeli0G Ky g)]tﬁe Liigludes a
IC OWs from a conpresse supp

passageway 52 roug air b ress arr y (not

shown) i mitdigail edili@tin thdxenk, . Q. via ddbiivey MedondRihdvidda délivery Sndufkidé vanes
sweep the material to the E),assa ewa)é in individual portions, which are
bl own i ntee-liee gupipet thegleliyeryisnive 43 mayeysoheeasserigphvathadiibiadng t he

Pass ANV icc I 1 BLfHkdD ﬁgmat ifi8 LI RM&. %E?hfgi&eggtgh‘éﬁékﬁ’% pehat each

chanber i's in position adjacent the passageway so that both the
porti on fafr crehelej abloaedcanfparddad blewrfibus efid/ar paracidatd ebatarenl &dni ot 0 t he

outl et tube. Tht]s, al ternatjng porti og@ of ajr and materj al e delivered
to the otfUfetiofUBioRLCHAE fi iSqRrep duough HBNS: F-Be 2B ISP REOR B9 whi ch can

be qui t eg)cAng thd NEROBLBAIbREr ARHaSE Frofl FtccdPRALHAY ColtRadtpt £ b&lmABdr keepi ng
it noving snmoothly through the outlet tube 30to the tank. The rate of

r ot at i onblofvet 50 sohawn nchemanbdhysiniflGt b2 Adiopperd02arithet hlewai ¥00oekeives gear ed

t oget her _and n be vari.ed b e user based,on the. feedstock, . ength
of "t tib. oaledel FemamURISPHSY SOAr Samee VR Mty HEFIR ey 3 r
can be dgbid@heshd OAden SHopper, e rhdteridliigltddolosicngePtdifg a k@MY ques, such
as gravity feed or a screw conveyor. 5In sone inplenmentations, the tank is

provi deddeyigens0f, whiskiip¢ledesgptatipg pimpsablOtcmppeating rilesthepaddéssisdd. dbafi gur ed
to allo LI . to v ' [ - f , While
prevent | g ecelfEahs p8 RbE hag s btitoleh v Ghonifl r LB bFARIIE: " om
ent er i ngDtlneer{ ahkatefial fohike hieledis isatdtedbgra fhte o8 valet b v&r ek difloaugio del i very
conduit 34 onto the 10surface of the liquid in the tank, liquid.

di schar g’é’ﬁlufiﬁ% %B]@ﬁah&ﬁ of @gatmgﬁ@nq@ﬂo(}p;t;q%ﬁhg chambers 522. The lower portilog 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, acrating the material and keeping it moving smoothly through the outlet tube

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



di spersing unit 134 onto the material. The discharged liquid wets the
feedstock material, causing it to sink into the liquid, where it can be
di sper sedwbyotimosd4spersi ng unit 134, preferably in conpcmatscan/osi2zvh t he
m xi ng action of a jet mxer 144, discussed below. It is generally
preferred that the dispersing unit 134 and the jet m xer 144 are
150perati ng when the feedstock is delivered through the delivery conduit.

In an alternative enbodi nent, the hopper 130 receives feedstock that has
been t 4R tpsetﬁ%foq%éav § Vaiiebyhg ué%ﬁ%%iaqq c fepdriagidiae @Pgt%rogé%q citrance
(steps 13Qiandeldd ARQURabYs @ feedstock pretreatnent nodule 132, and the

feedstock 1s delivered to the tank via hopper 130. The feedstock and Iiquid
medi um ar e dr Alternenydy tthemdicsipbeai begleliméred 1@the 30ffacemfitheliquad ksingnthet he
feedstock js di sgﬂeﬁsed i[][ tfheﬁl IicLui d nedium e.g., water, by the action of
the di spSPYPRESuHCh 2s gravity Tgod f aSarede0iyF¥int s, a saccharifying agent is

delivered to h@nicampldni@mtdnhane ek IdfovitRd Ghth 1Sl SaidpdiBlele ng devi ce
142. The contents of the tank are m xed, by one or nore jet mxers. A

. ; €.g., . .
j et ni xeeoveRAr otict dpviesemiigdredita gHeawnatt gantifom theppk d@ingpBliverypifdke of

sui tabl eg ] XEF i1l be cribed.in. i e n r I

doscr i belefiod: SREpR i BEPERER REpl AR & RShER B0 Midayife 1o,
2009, t hftofnterihigsd @gkre of which is hereby incorporated by reference
herein. The jet m xer produces.a jet using a nptor 146 that drives a punp

and/ or a rot of\S (I}ﬂ?ecgsmma:telﬂés @q;i,vaﬁ:g t]érjgggl@ é@iv@yy EHWUHSA OIS cor el at es
i thyd hegspli g5 of ot Lr e i Y r s
with, g gesu?f’acé gmegﬁﬁi[dhlg thd Qi T &st%lécﬂarggc?th%iﬁ%- ou\_ﬁ%{e &pe gy e reflects

the degree to m Xt ure has saccharl orque 1s nmeasured by
a tor quedisparsingunit 484 owboitchmatends EBhesdignhatget] diqaidmottethelfb@istdekimatkenales t he

conveyor 130 and al so t th tering. device 142 of .the hoppe 40. Thus,
the suppfd'SHe 1tk ?ttgﬁhﬁ@gd‘ggfféktcé‘ &e@ﬁ@e@ﬁiyweﬁw%ﬂg ﬁrﬁbh pted and

resuned a3 fRalfly REEdMInSlont ieh BRGERAI dctisRbE 212t Rlixdrha4calt8MdHefw t he tank.
The data neasured by the torque nonitor can al so be used to adjust the jet

m xer, e.g., ltosgencohemréPved that thedispersingnantit Lididndzlesjcamixarddd asr to a
S N M R A T AR S
neasures the filn alicBéivaeRBbASRND T thd MHHpEPL IV recdiesSREBIGR YRS hal B&n] € M Xer
o o1 " ot adicadts size and optiomally 6 tedute 1ts recalgitiance (teps 110 and {13 <
above) by a feedstock pretreatment module 132, and the feedstock is delivered to the tank
via hopper 130. The feedstock and liquid medium are drawn into the dispersing unit 134
20  from the tank, and 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



The system may al so include a heat nonitor (not shown) that nonitors the 10
tenperature of the liquid nediumand adjusts the feed rate of the feedstock
and/ or thworeki/aegs4eondi tions in response to increases i RCTAspaoasere. Such
a tenperature feedback | oop can be used to prevent the liquid nmediumfrom
reaching a tenperature that wll denature the enzyne. When one or
nore punps are used in the systens described herein, it is generally

15preferred that positiye _displacenment (PD) punps used, .e.g.

pr ogr essiy ELEALFVES légpés‘@q%eerp@%pﬁ%%ﬁ%erﬁ@@ugﬁﬁe sepigd FSHYPE #bcul at ed
and fer mpRIRA hdcd R iRMRiplaRd YS8hell A5 a SAREBALY THGaldnanficiden@rald ¥, the
oxygen | evel during fernentation should be controlled, e.g., by nonitoring

t he oxygemténgyef thatriky diht idatg nodaeurcd b thor toapicandmipr cérealsd ke uved tagdjusto
necessar ..Ht.is als? disirﬁghgfto nnnibg; ﬁ@e | evel OR e hanou in the
vessel , SEITHATWAEN '? A™EY O] BPBCT BEG AL S TaRGP T RE 'TEF HENt at i on
process ¢abcibefosh ?’Qﬂﬁfhm}%n GhixerDInNQ@RALIMNE iRad8ifien &l dhd foRfic@horfRd] tHen
bisulfite. Generally, jet mxing continues during fernentation, using the
sane equ$ysteEhmay éxdyderadimp svanitonnet sieymdit andasirchtis fhiétaadaompstageed, or

cuch s Demid MERLEHEE Pl oG £] FEIRP AR PRy uifls Byl Fonci's

per f or megllg¥s theGpeedvarahieiiotbr 36 bé hgjistedd unit 151, shown diagrammatically in
FIG 3. Vacuumdistillation s preferred because it can be performnmed at
subst anti al | yTBgwistsat meg glsaingludeeshea penttoifgot Hevmhthet eepiorsdbe ynes and/ or

m cr gpr gani r k t iold Ltk lil.ati on and
can o ¢ EHEf Rl EREk b find A sty 1f R 2 S RIEMA Ahall e
pr essur emdfing esslitidvann tSPorkong inergsgs ih ésspdritare. 126h a1@0per8re f26dba6k, 50,

40, or 30 Ton,. or even less than. .25 Torr. Cenerally, the pressure should
be suf fi CPBAET e Pesid e Breysntipe Eﬂ‘é‘éé‘?ﬁdl% fiogt fearhips a %F{aéa&ert[%ﬁév f water and

the al cofiQlaturt Mé<nsh &1 Nating the need to later remove water fromthe
al cohol, e.g., with 3A nol ecul ar sieves. A suitable tank 160 and
distillation Whenh ohédr moee minaware nsadliGthedisteManlesct®@d herein, it is generally

15 preferred that positive displacement (PD) pumps be used, e.g., progressive cavity or
screw-type PD pumps.

The sugar solution is inoculated and fermented in the same tank used for
saccharification. Generally, the oxygen level during fermentation should be controlled,
¢.g., by monitoring the oxygen level and venting the tank or aerating the mixture as

20  necessary. It is also desirable to monitor the level of ethanol in the vessel, so that when
the ethanol level begins to drop the fermentation process can be stopped, ¢.g., by heating
or the addition of sodium bisulfite. Generally, jet mixing continues during fermentation,
using the same equipment described above.

When fermentation has been completed, or completed to a desired extent, the

25  fermentation product, ¢.g., an alcohol such as ethanol, is collected by distillation.
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, ¢.g., less

than 125, 100, 80, 70, 60, 50, 40, or 30 Torr, or even less than 25 Torr. Generally, the

11



5includes a jacketed vessel 164 that can be fluid cooled, e.g., with water,
to maintain a desired tenperature wthin the vessel, and a cover 166 that

i ncl udes wowvacwnng4port 168 and ot her ports through whi clrCcratSeoioab®7zan be
delivered. The cover 166 al so includes an outlet port 170, which is in
fluid communication with conduit 172 of the distillation unit 162. The
product of fernentation, e.g., ethanol, is drawn by the vacuum through

conduit 10172 to gﬁnde?ﬁer 74, and collected in a_covered re%;ei vi ng vessel
176. TheP§y¥FethoudhPLRIGNIare 4 & RievrridPrmatioa of ahaetesionr 8F WAthi n t he
vessel ajnd @8 a1chbAANtha9 eliﬁﬁlatiﬂ%theqee@t’@l@telr 8&fod e Abin thERsot A 13, 10, 7,
or 4.5C). DI SPERSI NG AND M XI NG 15Di spersi ng D spersing unit 134
may i ncl wdbk 3anyokeyyer ©évedi spersi ng equi pment that wets the feedstock with

the liquid nmediu n Lspersi.ng. units i-nclude a r.an rotor in
t he chanber p ﬁﬁ%%&g@ﬁggﬂﬁfﬂ%{)& YRR R Omlnﬁiﬁgg‘g- ﬁ@ﬂ?ﬁﬁ? are drawn
towargls inliRideds pick@¥d dbsso: 16aMkht fcad B&HuRiosRidde b adiitlwaterd & hbi@taeni phery of
the rotor and thus 20 through the outlet of the unit, in the nmanner of a

cent ri f uérsired tamperdeisendiinghoysereltand aceret gdhatarclodestahe@cays pertdiohg unit, a
back- ' : i he fluid
Chrough THENATREEPSrREAERHER LA, it BUPERES P ERRY I bR HIRMEAR e

const r ucé @ttt port gensratieisme finidédhmahiddtion WithicehdaitaSs W ehevdithiafioh beit uni t ;
when such units are used a back-up punp iis generally not required, 250ne

exanpl e H12- alhepredust ef rapaalionh ¢ gsyidhaagl. 3odrame bybewrcuampthiaggh gomuit Thi s
; . ) ‘
systgm g?fﬁogcgﬁéﬁssﬂ Al Y&l é’olfe@é’d?ﬁ’gg WHed f%gngv BUZs@ P?&.TW%IB%H%%@S whi ch

typically us spersing system I nc es a recelving
can r ecebvenrffigectstto akiftaiarthatchaegeure vothpethecorsdehar [€ssahamsiiown)4590r ot her

source and deliver it to dispersipg unit 301. Dispersing unit 301 includes
a housi ng’?80%S ﬂiﬁr’i‘i{ﬂnlg&]@?ﬁ %%?i @'r g’dgr“sé h@] chamber 306 30(FIG 5A), a liquid
inlet 308, a solids inlet 310 (FIG 5A) in comrunication with the bin 302,

and an outlet 312. The dispersing system 300 al so includes a notor 314 that
drives DASPERSENG ANDIVHIXINIG a user control interface 316, and a

pressurized ugikt 318 that helps to maintain the integrity of seals within
t he ifispersi n@%ﬁ%l. A val ve (not shown) is disposed between the

receiving bi nD?s@@rsﬁigdmﬁtfl%4$@a{gl i#sludO b} typd 8f a@péfﬁhgreq@t?hieﬁﬂhyt_ wits ke sol i ds
to the dispersing unit 301. 5The internal structure of the dispensing unit
301 is sfredwogknwith ths liggidmedingy: dylapadispaising HribLighlude b iclambailagd 20T t he
solids a . L | ed by
the 11 quidenraben GUmiBid R A A A LdeR BB bR R R AEL 5 o
then m xthd rityr axisky,ia@8 f@teddwtivag] padil esthdripkdrd of theabloy alnythasr ot or 324
(shown in detajl in FI.G 5A i is disposed in a rotor/stator

A). whi ch pos:
ar r affyeniFRughdhaputles of teiupl. wjthemaangr of fecrffitygabpenanspensiEe uppRithe ser i es
of mxin t : [ i L guid. j ing | evels of
shear, rgosflgirfﬁg}:\o% ?ﬁﬂg&lg%ﬁtgﬁ%ﬁﬁkfl §Wﬁl§t¢6ﬁ5@ﬁ‘8%§%ﬂ%ﬁ§&r g}lugﬁ)r %%fsti ng through
t he out | éscuBi&l abbhe) torfpet therfluith yhroingh tWe dispedsingruniteit pigh, vicoaatesSand ar ge

pressure differential betweerFl t he chanber .é?G and the bin 302, which draws
a vacuunflSRdS PR YRIHAP SENYIYCEH A e T STEY QI RESSYS WIHES her@ i hamber .

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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15Anot her suitabl e dispersing system400 is shown in FIGS. 6-8. This system
is comrercially available from I KAO Wrks, WImngton, North Carolina,

under t hewonadeness CVS 2000. Di spersing system 400, aspsuapskoeas72rncl udes
a liquids tank 402. However, if desired the relatively small tank 402 can
be omtted and the remai nder of the systempiped into a |larger tank, e.g.,
an industrial volume tank (not shown). System 400 20al so includes a solids
receiving funnel 403, di spensi

g t 401 i cludlng housi ng. 404 havi ng
2 struct BedgrRines 9T hurropn a%tﬁﬂj o308 eRbE DSsaZabves TS HOPS 414, a
user confyRhinfait @& iReSir) be sea@sngltﬁmgﬁ@éﬁbgrklﬁg dnH @01 ﬁ&]\%lve (not shoWR§isPr | mary

di fference between the dispersing system4 and the di spensing system 300
lies in diseoschbetmean thetreenttiog &inoF02tdnd thié sopieln siletg 10rd nsctetGitlimery o861k, The
25di spensi@g U@It 401i shovgb in detail in FIG 8, includes a rotor 420

whi ch f ubdidF Shiie JUpsising il 30, and generates very high static fluid

pressyre wthirpe ﬁﬂf@nél@trhctur%sof&hé &%péntsmgtdﬁﬁ 30l SPSHowWNE FIGKE 5BUncAfk@ns in the
manner of a centrifuga a back-up punp is generally not

necessar passiagérough $tgldaﬂnlvfgi39 thueghhdﬁ ae gwived dewnward by an augerTid asdbor 420

draws t h?oﬂ%il gﬁ% c%n agp §QF% 13190 le%lt%hg% gﬁ? g&eh%u%? g lét@r()gquﬂF ﬁlﬁu@f&é%ghdo’ Oat hi gh

suction rou are drawn

axially am&l@entrhﬁ;ed@gz@rseﬁascbfahlxtnggﬁdmeessmra@d fiaaldy eyatrotbh@zzr @h&¥mn 420
radi al | y with high velocity. turbulent flow that disperses the. feedstock

into thedgtrigin G AAJ m\égcthalmdi&apffeyl maﬁﬁfgé/ﬁfé@aélrram&ea@mér%ﬁwm the sideevddhanber
via (I)d“'t ! @Ethégsl%arﬂ%q 28@ Qtﬁ S s%ﬁése(qtntufgl (I;bq’ Iﬁ&ﬂgwf;‘fgrthes&ﬁ\ QWl'ﬂhfth@ %1:118 Nyt The

di spersi ng system er at I n various m) exanpl €s of which
S5are shoumraamngle@sm o'fshmid rémltlmgnnl-‘d ﬁbstzntlallydlodlc@pmosls ldg;pemmoln o&lingi s fed by

| oadi ng dst nto a hop 422 that is. unted n the solids inlet
of housi %0%%4 cou 47% hhufasilh h%éﬁm%wnslp R A JEBORIESIUC t he
di sper si mgreintihl B eente chAEROS BOG knd R Re3623d8ch #alid vaBvrdesd fhed del ivery

techni que, e.g., nmanually, by conveyor, pneumatic |oader, or the like. In
FIG 7A, htlpetofdsedshamkiciial fsorn thabiadnto the dfampebag or bin 424 usi ng a

cont 7ol | od by Bkt wiirp ki PrEHRGe 88 N ¥ et RECRTRRY 05 SRBahBncs may be
used. commercially available from IKA® Works, Wilmington, North Carolina, under the
tradename CMS 2000. Dispersing system 400, as supplied, includes a liquids tank 402.
However, if desired the relatively small tank 402 can be omitted and the remainder of the
system piped into a larger tank, e.g., an industrial volume tank (not shown). System 400
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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The feedstock may be delivered to the dispersing unit continuously or
intermttently, and the dispersing systemmay be run in a recirculating or
"once thrwoghil/ovosie. | f desired, the dispersing unit camrChaseseds20r m xi ng
during saccharification, after 15initial dispersion has been conpleted. Jet
M xi ng Once the feedstock has been substantially dispersed in the
liquid, it may be desirable to turn off the dispersing systemand use a

m xer that, re | ess energ or 20fu m Xi t| cularly
advant ag@alaée*ﬁﬁ@ at Grporser éhepfé? &1 é{lka?M% éssu%?téleﬂ xf@ﬁgogenﬁmsgener al ,
sui t abl edl%éif%ﬁe BVBe LRIV dtRek 11 BRYis RERSELINhOnkghoci ty circul ating

flow, for exanple flowin a toroidal or elliptical pattern. Cenerally,
pr ef er r eshcpliaxdicgti@xhi bit a hi gh bulk flowrate. Preferred mxers provi de

this m xing nvmthrlat | ow ener.gy consunpti on. i.S ,al.so
gener al 1y br of s PaeetiaeyTare b fied b RaREY ‘B ORarTs SRR ng
avoi ds hegbisR@wRin FITS. 1714170 MRAIGTY, B8 dRP&8Ing JAH/401 1m§%y(1@dhn€geﬂh@t eriously
affect the saccharifying agent (or mcroorganism e, t he case of

f er ment afepdiigck in ahanpeb&2Zihgcis sxwartadrondhe solids el hoysm‘é 494 efierabed i xers
draw t he e n i ncl ude
a rotor %iru gonwofl({eﬂvgrg%z t fgﬁ&éoftketi) qﬁ%dlgpe% &t%r om]?%fgeanglnéc%%ﬁﬁg%enent
t hrough l@ademndl@t anyadegir&d delivesy taélﬁhdi&ubgt Inmuald;;t ib9Ronedydr, tpheuhiaith vel ocity
of the jet exiting the nozzle, assist in dispersi ng materjal that is

A

f1 oat i ngloagers orethe fike abneF 16r 7 they Pwr%ké%swat)m it of pAke ABkindef upiag at o t he
bot t gym °§uch&‘?wﬁaﬁ@ 96 dﬁﬂﬁ{&dc'agbgdé? ; tgé ¥§8§t8&k‘ Qi b%fcohi?&'ué&'l:é/ "§
Mxmgeenens can be 05|t|one In | erent orientatio erse
bot h f| oétiratg ofimcttivetng| IO‘l@erl‘ﬁmtaﬁgerBdntS maylbe heedor i ent atl on of the m Xi ng

el enents can one es. b Far exa in sone preferred
mi i ng systeniﬂ? f?sd%ﬁﬂeme 5?}1%9%6 tﬂgh @ﬁpeé§n%@f§ ntgtupWly Bivbi ent F1uid i s
from abogterit@u3Othdthe dls?ergmg s%%@&ltrn%r BeOruh 20 a WcSreQMatiRP8¥ontO Gy 0 n's.
The power consumption of the i xing system may be about 20 to 10 KW

e.g., 30mbde. SImleKWdotheSiDSptew@mlmmm@rusad 0 @i80Q durihgnkcchdmfiicapipn,i afigr

|nvol15}/es tth di scharge,of a sib[rr(?rged jet, or a nunber of subnerged jets,
of high \?é Spflrs Opci\%fae?nnctoglpe? uid medium in this case the m xture of
bi omass 10f eedstock, |iquid nmedium and saccharifying agent. The jet of
i quid penetrates the fluid

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, e.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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medium with its energy being dissipated by turbul ence and sone initial
heat. This turbulence is associated with velocity gradients (fluid shear).
The surrowodongedisai d i s accel erated and entrai ned i ntopPChaSp@n/0f126y, with
this secondary entrained flow increasing as the distance fromthe jet

nozzl e increases. The nmonmentum of the secondary flow 15remai ns generally
constant as the jet expands, as |ong as the fl ow does not hit a wall, floor

or other. obsta he | onger the fl ow co tinues before it. hit n
obst acl ePot %%Oﬁ%lﬁéawlr gnegd 1%g OeﬁFer i hafion fy 6het HEIREEEMaR WMREE emﬁ%tﬁ easi ng

the bul k.4 B%‘%dsﬂlotﬂg@mt RFEref oYERR s to/MFkrid bR ML LAiQPSLRRLE, the

secondary flow will | ose nomentum nore or |ess depending on the géometry
of the tankthe erigntatiarhef thﬁgiliangtlwwmtsmanmscfmeowswﬂm mjesat?d@on t he obst acl e.

It is generalt%r deS| able to orient .thens%yets pr tde&g h[ tanﬁsaso t hat
hydraulic |os s%m &' PAHKP AT 1°8 "HF @S ﬁ?l??*? ‘T—%VVé)‘Z ﬁlﬁlﬁ‘e BiMHay be
desi rabl ﬁiefaﬁfblénhﬂuida@ KrohPatlday & tABORMEL 8lee aB@ﬁttSOtm 16815 or Bbdi@NMB L headpl ate) ,
and for t edet m xers to be oriented relatively close to the sidewalls, as

shown i nmfs dheppaer Torsum@iirn bbthe satx (ngawetemHaadbeprtones0 Hal00dW, agy desired
domed com O%y%{xp@r 5025 S%KW& ﬁéqtl%nkcal or 25coni cal geonetry.
0]

Jet m xinhg fers fromno ypes rqurd/liquid and liquid/solid m xing

in that the detmlﬂlggﬁmrocks&slﬂse diyehagid dfer subinbgied fdiasr amahiainiof albmdrped ead of
shearing fluid and YTFeI ling it around the m xing vessel, as a nechani cal
agi t at orJe&o@EhlghVFléﬁlt iggel mteraébg memual,ﬂw%@me disembfurgef BIORWSY | es wi t hi n

the ]id'inkfee& tGAL i Nar Gh@ SddHad 14 ‘%'f nngleicbte atbd thE Fruid Ne
?@ k{? 1?5% g CII’ ul \/\E{r

result is's ear2 agal nst ation, m X the tank
cont ent smedliuhg Meirhtltswnergy being diskgfaged byngriiuderdet @nd Somé hnatlzh ihgét. Vdlisoci ty

gradi ent  between the .core from su ed | and t r.roundi ng
fluid catysdencgds %%OC@PQ;W@ elqcfty &f éﬂﬂﬂé%@ﬂer £ SERY fgiergef? idi§ cs of a
submer geghchRlatedhdt éﬁ?raﬁfé@ R6 ﬁ?éj_iei Bdw %R@ﬂg§sé08ﬁ&ar§ Brasdd R0 ‘Eﬂc@&sﬁ@b' ent
environment the velocity profile flattens as the distance (x) fromthe

nozzl e Sistbe dmtwse fipimstbe jat hezzleimmase;s dihadiaenentav of theokerglesy fidwh r (the

di stance fromthe centerline,of. t at a gi |sta such t hat
cdd 05 o ga TSRy eimiar et e sihs Sl (BRES HPLE  Seanei on Trom
t he Nnozzfigdr.or other obitm@nT%mFéﬁfﬁ@ﬂalw htifles Obfore RURERAPEBLtARS, thar air (the
results of which are applicable to anh/ fluid, including water), Al bertson

0

et al. (mDieiqud Brengpingd e thyesgcondary flow, increasing the bulk tlow 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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10Jet s,

v(x), o/ vowOcentmoistne vel ocity),

Paper 2409, Anmer. Soc. of Civil Engineers Transactions, Vol.
115: 639-697, 1950, at p. 657) devel oped di nensionless relationships for

X), X/ Q@ (flow entrainment), and EX E (energy change with x): (1)
Centerline velocity, v(x) r,o/vo: 15 v(r =0) x -6.2 V Do (2) velocity
profile at any x, v(r)x/v(x)r=o: 20 log [Iv(r) x x1 - O. 79 - 337

(3) Flow and ﬁ&%lr»r%}/g t%tFIang, tﬁé hifgh%el?)o;cgcgl( g%zi%%t g'tgvegr:ll' %he c%re flow r%gﬂlo 22) x B 5

10

15

20

submerged jet and the surrounding fluid causes eddies. FIG. 9A illustrates the general
characteristics of a submerged jet. As the submerged jet expands into the surrounding
ambient environment the velocity profile flattens as the distance (x) from the nozzle
increases. Also, the velocity gradient dv/dr changes with r (the distance from the
centerline of the jet) at a given distance x, such that eddies are created which define the
mixing zone (the conical expansion from the nozzle).

In an experimental study of a submerged jet in air (the results of which are
applicable to any fluid, including water), Albertson et al. (“Diffusion of Submerged
Jets,” Paper 2409, Amer. Soc. of Civil Engineers Transactions, Vol. 115:639-697, 1950,
at p. 657) developed dimensionless relationships for v(x)-¢/v, (centerline velocity),
v(r)x/v(x)r-0 (velocity profile at a given x), Qx/Qo (flow entrainment), and Ex/E,
(energy change with x):

(1) Centerline velocity, v(x) r=o/Vo:

vir=0) x
v D

o o

=6.2

(2) velocity profile at any x, v(r)x/v(x)r-0:

lv() ] 0.79 - 33—2
D

(3) Flow and energy at any x:

Q. ag X
o 0325 (10.21)
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where: v(r = 0)= centerline velocity of submerged jet (mls), = velocity of
jet as it energes fromthe nozzle (ms), = distance fromnozzle (m, 10r=
di st ance woanmiomod4er | i ne of jet (m, Do= dianmeter of noreraseop/sRL= fl ow
of fluid across any given plane at distance x fromthe nozzle (nme/s), Qo=

flow of fluid energing fromthe nozzle (n8B/s), = energy flux
of fluid across any given plane at distance x fromthe nozzle (nB/s), 15E0=
energy flux of fluid emergin frO{nOa% nozzle (nB/s). ("Water
Treatnent Unit Processés: %lca Chem cal ," David W Hendricks, CRC

Press 2006, p. 411.) Jgt mxbpg is particularly cost-effective in
| ar ge- vol une (over 1,000 gal) and | ow 20 viscosity (under 1,000 cPs)

appll ations. is aI so general ly advantageous that in nbost cases the punp
or or of the jet mxer not be subnerged, e.g., when a punp is used it is
gener aI | ¥hhpsated outside the vessel. One advantage of jet mxing is

that the tenperature of the anbient fluid (other than directly adjacent the
exit of pheyp OZZJ&nteM}ﬁe%loEﬂ@&%uBﬁ)él_géa]e‘i(@ﬂ?sﬂ ocal i zed heating) 25is
increased only slightly if at all or exanple, the tenperature may be

i ncreased by Iess/etdaaynoﬁ@;ashie@sergésa‘mrﬂﬁhe mzzlagh/4)0 any neasur eabl e extent.
Jet-Flow Agitators One type of jet-flow agitator is shown in FIGS. 10-10A
This type of mx&lSt?@emnaWZ]ezf De cormerm ally, e.g., fromI|KA under the

tradename ROTOT m Referri ng to Fl the m xer 200 includes a notor
202, "hi Eh r ot atEdstANG AR CaRfg e dget (m mX| ng el enent 206 i s nounted at

the end gf the @rdlé’rﬁetﬁpc?tfntozﬁgﬁn),p‘s shown in FIG 10A,

Q« = flow of fluid across any given plane at distance x from the nozzle (me/s),

Q = flow of fluid emerging from the nozzle (m3/s),

E = energy flux of fluid across any given plane at distance x from the nozzle (m3/s),
15 E, = energy flux of fluid emerging from the nozzle (m3/s).

(“Water Treatment Unit Processes: Physical and Chemical,” David W. Hendricks,
CRC Press 2006, p. 411.)
Jet mixing is particularly cost-effective in large-volume (over 1,000 gal) and low-
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, e.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 directly adjacent the exit of the nozzle, 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, ¢.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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the m xi ng el enent 206 includes a shroud 208 and, within the shroud, an

i npel ler 210. As indicated by the arrows, when the inpeller is rotated in
its "forwiodoidivosati on, the inpeller 210 draws |iquid ipaTtuse@ogbh72the open
upper end 212 of the shroud and forces the liquid out through the open

| ower end 214. Liquid exiting end 214 is in the formof a 5high velocity
streamor jet. If the direction of rotation of the inpeller 210 is

reversed, liquid can dr in thr l.ower end 214 and egj ected
t hrough BR&NRHSEI ATy 9§€1 b & shrgpd gﬁga@é iy heshiag & RIS i n sol i ds
that areaf 'nRﬁéa'teQQo{'tﬁ@%er{?vs O\Qhetnhﬁe ﬁHﬁJlﬁP% IBfatetdhﬁ ilsifHhdrd MR g kphOr vessel .

(It is noted that ™upper” and "lower" refer to the orientation ‘of the nixer
in FI G iipelleh2l (himees limayd ib éhrongletht egen upmr tahklSof thhshrotthendifopens tend i s

215 0] Lt O G b anrpdaner A o LS00 e B SR 260 't BeTORE P But e o the

general | kigh QeRcRARLtrdanP¥¢ fehal theSdiRREST ¥etadioh bf tHY ifped B2 10fis Fav¥REd, The
geonetry of t he shroud and inpeller also concentrate the flow into a hi gh

vel oci t yliguid eambaudiong ip diraegh/de yowawngdhé ene glﬁgf@drﬁtrpugh the gppastcad dby, t he
cl ear a”C?hQ%EH"Eeeuse%hPoFi%hérgb\gft%%ﬁcﬁ&dstohﬁ& PB@'ffo? nﬁé car 'o? fefs'uﬁ‘ ?r‘éf S0 as

to avoi d excessive erla as | sses rou he shroud.
For exanpléiquidie achdesransel nayishetdatthiteagperl @nd ilowsrtdkeer w&lremnmbﬁ icle
size of the saolids_in the mxture, preferably at least 100 tines. In sone
i npl e rre nefhe sHxer 1p FEG st fhe mipgr mey (‘96 QFiFRiad &4 tagk a0 thahihgawrasndisr y 20

thro %ng§ fs er 5L exanpl e, the shaft 204 nay include a bore (not
shown rough whic as is delivered, and one or nore orifices through
whi ch gas exi The shmbwd IOBemnhudewﬂzared Tiees DI sEn'chal§ aldWelhIe'tS\ﬂntimi ‘Thdshélaskdr oud

208, to enhanc m xi.ng, and/or at othe Ioc ong the, |l engt.h of the
shaf t zo%easrﬁg phigystl |t%90rér1@1t%@ Sorer toa%l ﬁél%ﬁ?}'V?dn‘é(t ﬂ\%ﬂﬂ dr aw

l'iquid tRheUghids. ThE oShhQkHofthe wewﬂnd/ﬁﬁ&%% Mso J&lﬁeﬁt?&?@{ﬂe%{ow mphef erably

a marine’inpeller, as shomn in FIG 10A, but may have a different design,
f or exanirmlgbVebcmstmaonusmg)@ﬂate’lelydswsimmcomsuﬁllp@on1OB or a nodified Rushton
as to rov de, so In order to

|npeller e. g

ponerr e t he Riegint Be FRo o e Phebmg RoRE 2R e Rdoratais 200 | s

pr ef er abliffigicid @his SPSRAd cdc@divé RAIGHE oMHeQhater®al s it pagRe Hreud thegbadi ng at
500 to 20,000 30RPM e.g., 3,000 to 10,000 RPM However, the |arger the

m xer ( eFef exampie, tf@rcg@ramﬁ@agme@népaatnwt@ne&uhe ayerpgropartiele sire 06 HE sphds | ower
t he rOtaﬁ%ﬁgﬁﬁﬁﬁﬂﬁﬁgﬁ%gﬁﬁQ?haanﬁﬁ1 f a large mxer is used, such as a 5
p,”or i

hp, 10 hp, p Or grea er the notor nay be designed to operate

at | ower r ot atn wnal mq)m@ﬁdﬁanoas,ghe sﬂﬁﬁi&)ﬁ@ﬁ@h@@&i oRMbw gas gelivean 1500 RPM
or even 500 RPM or | ess. For exanple m xer sized to mx a 10, Q00-20, 000

litef0t aWRO%égh%ﬁ@#atF@r srampledys slft %on%lnfluﬁe@ bepvnotHiownd tyaeehor ¢ he
mot or i Swacﬁrggg ?stble}’wé%&' And ¥k Up 8P£onﬁ&s MRbLOSRicR HELALS MR tHe RPAGEANT

i npel | er spe he 'mi xi ng conditions
The orlﬁces rnay 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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change over tine, e.g., due to saccharification of the solids.

Advant ageously, the m xer can be oriented at any desired angle or |ocation
in the tamb,2tim9084nect the jet flow in a desired directipom/USENIES857214 and
11A illustrate one enbodinment, in which two jet m xers extend downwardly
into a tank 252 through ports 10254. Mor eover, as di scussed above,
depending on the direction of rotation of the inpeller the m xer can be

used to draw.fluid from |th e of the shroud. In sone inplenentations,
two or nBPETjsescrisiehasy @ppﬁéhﬁ :}gﬁ’@doﬁ%]%%rgfé%t%lt he MPORMB¥ECor nore bei ng

confi gur @é};l%ﬁgdk&épéﬁlﬁg 'afjlo%}‘\’%tglc(nap®eg&m o), 188 Qha(ﬁ%O@ REMA RsskRarP €4000
configured to jet fluid downward down pump"). I'n some cases, an up

punpi ng RPXeor eidnl SORBIir idsenEdr a@pmbfe ﬁtrnlaemyxml tpumpiand, Q@Dx@rQOOtlderenhance
the turbul ent flow creat desir one or m Xers
my be Stk BB Eanc TRt f ba SRR lindaREe P B BRlFT R FRBRGs ng. 1
may be agb\ﬁazmjmg% th&n®WM 4 fellatBtly d@)hstaﬁtsihlp@ﬁeﬂ Sedmsxtﬁé fitifg Ubndaiemi Ng node
during initial dlsper5|on of the feedstock in the 20 liquid nedium

par t i cul elrange pyerttines, faediie de kecrkartfisapieriobthe bolin onto the surface of the
liquid, as up mgéeg%guﬁ%ecgé E%F cAbL oﬁ%ﬂ%d ﬁt%rnb‘ﬂil %Pﬁ% georrfgca%gi rfr% Up

pur‘rpl ng can a use urrng rernen 1 on omt he

li quid bmnlaausﬁreg thhiet gas iha dlasiﬁtail dirdefion. hEI@SLlrlfl aﬁel\r\mn@smate @rn be vented.
O her suitable jet mxers are described in U S. Provisional Application No.
2561/ 21858bodiment, guwhighéwa &t e cxtghd deveyvardbt inkg 2 Rek 232 thrgpeheentts £ | ed
May 24, 2940, the full disclosures of which are incorporated herein by

ref erence. MATERI ALS Biomass Materials 30The biomass can be, e.g., a

cel | ul osi ¢ or Morgiver; @b Hﬂbmé&abmzb;addpahdin@un thendteetiorabSrotatohwd énepaper and

o ated e hdite o bebarf parePBhal aomaitedes AHSHHAT S,  pagasse,
jute, hemp, f&6mdIAPRGRentfion! twollHdte j& Wlids al%vﬂotsﬁf&ﬁé@ﬁlsthe gtdal fa, hay,
corn cobs, corn stovéer, coconut hair: and materials high in a-cellul ose
cont ent , wehgng ocmotaeingFendgusdis o dnidepvolt & upariniy dmld/omeg@mnemr ap textile
mat er I aI gélng ccgnﬁgureed to Jen[tffuld Hgvgrtlwg %Qs own pl\llﬁpSt Tn Sorie Cases 95 up purnpmg

mixer will be positioned adjacent a down pumping mixer, to enhance the turbulent flow

created by the mixers. If desired, one or more mixers may be switched between upward

flow and downward flow during processing. It may be advantageous to switch all or

most of the mixers to up pumping mode during initial dispersion of the feedstock in the

20  liquid medium, particularly if the feedstock is dumped or blown onto the surface of the

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, ¢.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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5 paper products are used they can be virgin materials, e.g., scrap virgin
materials, or they can be post-consuner waste. Aside fromvirgin raw

mat er i al swopositosesasuner, industrial (e.g., offal), andpPprases®iosz7nast e
(e.g., effluent from paper processing) can also be used as fiber sources.
Bi omass feedstocks can al so be obtained or derived from human (e.g.,
sewage), aninmal or plant wastes. Additional cellulosic and |ignocellulosic

mat eri al s_have 10been descr n U S. .Pat nt Nos. 6 448, 307, 6, 258, 876,
6, 207, 726 ated moteriglsae. &naa®cﬂ§3>2a@esra8%% S garhoHl es heppdlas onass

mat eri al pd AGUGRS, R haRy WAl rdsBatifal (s, 1, e lcHBlE S0 sHRE bBbnpavi ng one

or nore 13-1,4-1inkages and having a nunber averagé nol ecul’ar wei ght
bet ween kbo und B}amalsalngh §50¢.@oluloSuchteat, @g b@htpdr Atalsiewkpean reodhideed

15cel | ul pse which.is derived from Iucose 1) through cq&ﬂensation
of 13(1, 4r° ’S%&:‘b%‘ir%ﬁ E‘?XB]ISr’PE@e“afﬁlesg’lrF’ﬁlP% h‘Eqné‘éW%f e W%Sh gt for

a(l, 4 %@%@h&s hengdsd EHG?%@I@BG bﬂgl%trﬁét&halﬁ%dg alchgrvitdl hahydlsabedey 1 W
2011/090 /' US2010/ 0572 Starchy mat'erials include starch |tself

e.g., coean bstposeignswinenwase. aAelld¢ ﬁpat witgn stanuierods, ppsteossuaarhindestdar i vat i ve
erlal t hat arch, such a | e f.ood

f
0 oauar e oy A BloRinteiised k1ot BRD e D PR Sihh SISy Besstine:

as fiber sources. Biomass feedstocks can also be obtained or derived from human (e.g.,
sewage), animal or plant wastes. Additional cellulosic and lignocellulosic materials have

10  been described in U.S. Patent Nos. 6,448,307, 6,258,876, 6,207,729, 5,973,035 and
5,952,105.

In some embodiments, the biomass material includes a carbohydrate that is or
includes a material having one or more -1,4-linkages and having a number average
molecular weight between about 3,000 and 50,000. Such a carbohydrate is or includes

15 cellulose (I), which is derived from (B-glucose 1) through condensation of B(1,4)-
glycosidic bonds. This linkage contrasts itself with that for a(1,4)-glycosidic bonds

present in starch and other carbohydrates.

HO
Q
HO ! )
HO M,WQH
OH

20
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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
favas, | ewmDi2bsl/@054peas. Bl ends of any two or nore starchrgTnst@vioat2s2 ar e

al so starchy materials. In some cases the bionmass is a mcrobial material

M crobi al sources include, but 10are 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
exanpl e, projists, e.qg., H nal protists (e.g., protozoa such as
fl agel | at es,f/ anoeboi ds/ ciliates, and sporozoa) and plant protists\(e.qg.,
chl or arachni ophyt es, cryptononads, | eni ds

gl aucophyt s, hapt oph\ es, red al gae, 1D nopi | es, vi ri daepl\ap+ ae) .
O her exaqples in pl ankton (e.g., .

mesopl ankt Ny On, @)

f enpt opl ankt o¥) ia i ve bacterfi a,

gram negat i\ve bact eri phil es), iOni xtures of these.
In some ins aﬂdg, '

e.g., the odean, |akes, bodi es(QH 20water, e.g., salt water
or on |and. ternatively or in addition, mcrobial bionmass can b€ obtained
fromculture systens, e.g., large scalle dry and wet culture systens.
Saccharifving Agents 25Suitable enzymes include cellobiases and cel |l ul ases
capabl e of deftaediymgptiridsnmshide starch itselfSugt edrhetardl, wdishtasash.ipotdtade a

|| obi 7 Asper gi || us .ni I d _ the .t QZYNE 188T
ool 1 o1 noderch ek RREhS iGul A eg it aBeEhoLahg MO S aRER PiRlgr o
bact ef i abdiBleifgbdprodudtloR BlcRope IFy BREMpIACHE IRrh hatbiag @8n bE aMdabI, gener a

Baci |l |l us, Pseudonpbnas, 5 Humi col a, Fusarium “Thi el avia, Acrenpni um
Chr ys os poudkicatn barppg,dad g rogssavarkd dzih ocu gags peshes, siguldnhpessheld Copri nus,

Thi el avi F [ i onh r ni u I ri
Syt et orabHp Skt o i, SRRE BPER: oARLATRAN D RN BRI Bhas i a1y
t hose prBitudeds hy tdoshr hadrd saadhe clifehidly amatsostasggahasriidym col a i nsol ens

(reclassified as Scytal idiumthermophilum see, e.g., U S Patent No.
4, 435, 307) , In some cases the biomass is a microbial material. Mlcro%wﬂ 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 (e.g., protozoa such as flagellates,
amocboids, ciliates, and sporozoa) and plant protists (e.g., algae 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 ocean, lakes, bodies of

20  water, ¢.g., salt water or fresh water, or on land. Alternatively or in addition, microbial

biomass can be obtained from culture systems, ¢.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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10 Coprinus cinereus, Fusarium oxysporum Mceliophthora thernophila,

Meri pilus giganteus, Thielavia terrestris, Acrenoniumsp., Acrenonium
per si ci NUWP 28Cwm@nsIai um acr enoni um  Acr enoni um br achypeniPaEUSACIVARTAL UM

di chronosporum Acr enoni um obcl avat um Acr enoni um pi nkertoni ae, Acrenoni um
roseogri seum Acrenoni umincol oratum and Acrenonium furatum preferably
fromthe species Humi cola insolens 15 DSM 1800, Fusarium oxysporum DSM
2672, Myceli o ht hor ila 117,65, Ceph | ospor i RYM 202,

Acr emoni um sp Q??IQE’@%S 1&{1 @maéf)fm@@??@% GFERO E‘ﬂ‘)‘?ﬁgﬁmeper si ci num
CBS 169. @@ené%wozmqggnm um AHU 9519, Cephal osporium sp. CBS 535.71,
Acr enoni um brachypeni um CBS 866. 73, Acrenoni um di chronosporum CBS 683. 73,
Acr enmoni um obCtlavastes meGBalgd of degradﬂng bioonby an@ Magibalod fungal ercbaCBBall57. 70,

Acrenoni um.ro i seum CBS, 1 i um i ngol.orafum CBS 146. 62, and
Ao erroni Dby SHHY EHAMSS TR Ce BB T BHAHEL e GG ot & ned
f r om £hr yasidns, IRaSdrih EFIREIBMLY A@embh@hh) CAfysSPySMBRRN THRLbIGk) anense.

Addi ti onal | y, Tri choder na (particularly Trichoderma viride, Tri choder na

reesei, WaldTspeskRode dfmikdai Gegirings, B aVleﬁﬁlSIar@lWBéﬁicWWﬂ(@ée for exanpl e,
U S. Pat P 458162 repl OV Ees e.g.,
EP 4581 3}em0%zu6né Ceéhcgzl po%%g’n %EgalE dium zgemfz}él;(uéig 81?% Bust(l’gg % ( such ag

those avajdiab), esﬁercmmry(ame@&Qruee@nﬂestralheelbéta@ﬁﬁﬁmc MEISEERA&E@ for
exanpl e, Accel ] erase0 1500 enzyne conpl ex. Accel |l erase0 1500 enz§ne conpl ex

cont ai nselERs @?CéaSéﬁﬂﬁéS@é@Ww.f@@mORﬁﬁ eyl Hoartaéat Nondddpd8ahase
(220% 28{39%% clz%eg% lﬂgfﬂgz@gp{g}ﬁéﬁaﬁgﬁéﬂggx %f}ﬁ)m ARIYERR), %%@ %?25 775 pNPG

as a ucanase ‘activit t he enzyne
corrpl ex gigaenp, é@az&dzza rresn botyreibhyhcel. IAdrmmzamt;plemzctzyuruMMm()@/m U,

whi | e the beta-gl ucosi dase activity i Qrte oside activity
uni ts (plBETLFH C??H{é’”é%érdﬁcm J%f%r%@n d}%@é%m S@Pﬁg%o‘fcf%@”@’ﬁzyne

conpl ex  and, NN ZXVEL M AASimekb Rk 883G cinsn S sed stAdr%&rﬁ%nt ations, the
saccharifying agent conprises an acid, e.g., a m neral acid. Wsen an acid

is used, lmdomtwum@mmomndemmmiwdfwm framethe epdceestFimic @i dovodami sns, i n

whi ch furt

Removal ) bOBEr TG ac0er iy BNVt R P e T

char coal CepuiBpbRIMSY] RANI20REGHRIAHES: spl CESANEA 3ldr-8RoMIARHS CBS The
m croorgani sn(s) used in fer nmentati on can be natural mcroorganisms and/ or

engi neer &M, ehcomayamnn parsicimor CBSPIS, Aeteaoniwt earanism &8, a
bacter ”@p}{%ﬂ%gmﬁm%g' Uéﬂ%s‘)%%th%?ﬁgi %rz}n%'mac%yag 2%%’%138?8'6% 73 chye% m @ Pl agt

or a proti gae, apr oa or e proti eg ,
slinme rmJizdthzaepomhﬁCBs GaR\73 Ivkcrameniaongbaldvalue, CBsmleum&emfonmmam sSnMB can
be utilized. table fernenting m croaqr anlsms havethe ability to
convétt @ék@f&w%%éﬂgec#ré@owweé@ogrw% alh 6580 fhnose,

gal act osg.,Ol4HNSASE N Bﬂ%ﬁd%] eg;P SNFRGGDRN BRS 29@t7@Hf E@égl‘ﬁ )Ztr iy HJ?dUCt S

Fermenting m croorgani sns | nc e strains of the genus es spp.
e. g., Samehrbmpecebtaceddians iCaeysolymkin, profaably)a, stidth Sadohaspijoes di st ati cus,

Sace har Olr;?/ Enoswe%/earkcrﬂltlglqla?l rzghsodK llfnlilgl Y%{’t? q?(ar% T rzc%zo%erma 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, ¢.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  glucosidase (525-775 pNPG U/g), and has a pH of 4.6 to 5.0. The endoglucanase activity

of the enzyme complex is expressed in carboxymethylcellulose activity units (CMC U),
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speci es Kl uyveronyces narxi anus, Kl uyveronyces fragilis; the genus Candida,
e.g., Candida pseudotropicalis, and Candi da brassicae, Pichia stipitis (a
rel ati ve wob 20amddzda she hatae, the genus C avi spora, e.g@CT/USp@OIERT2

Cl avi spora | usitani ae and C avi spora opunti ae, the genus Pachysol en, e.g.,
speci es Pachysol en tannophilus, the genus 25 Bretannonmyces, e.g., species
Br et annomyces cl ausenii (Philippidis, G P., 1996, Cell ul ose bi oconversion
t echnol og

,_i.n Handbook on Bj oet hanol : Pr ction and UWilizatio man,
C.E., edw?iﬂerﬁgﬂbaﬁ- upgsiier e hioRgEtehi r%@%{gﬁ%&lé@mtww%@ﬁ H)W
avai | abl £ yRasiddidGlUdiend O AgAERLEY 18@%@;@{@%&&&@ fdenGlapnaliERed

(avail abl e from Red Star/Lesaffre, USA), FAL avai l able from Fl ei schmann' s
30 Yeast ]8&calliobias¢ srused. Burns Philip Food Inc., USA), SUPERSTART(r)

(avail able from Alltech ow Lal emand),. GERT STRAND (avai]able from Gert
e and- AB, SoDtRORS® IR MR e TR B et S DA St b -ds)

Bact ef i amifRYalakRI0 WBerlSiLsbid 13 ds8d, MBIPréduc maPbdgenciHEPIRNAS td¥@td | s and
Cl ostridiumthernocel l um (Philippidis, 1996, supra). 5 Additives

Ant i bi ot mégoorganisms,\nhiwhechi qas¢ thegeprspatanfuphetiselpdgremyvingsackceri gh sugar
concentrati i h I ut i on, once 1,0 y be
dsed | nA Reb@R PO LLBH BN Bha A4 oo o R A E OB a7t ve,
e.g., a brans sspesit tdeiniguéd. bi otic, in a low concentration, e.g., 50 to 150
ppm O her suitable antibiotics include anphotericin B, ampicillin,

chl or anpheni col, ciprofloxacin, gentam cin, hygromycin B, kananycin,

neomjci nEerpmentation Agentsur onycin, streptomycin. Antibiotics will inhibit
grow h of m croorgani snms during transport and storage, and can be used at
appropri at e B PR B 1S ig fermsatafier 5an Be BB GOTORISAT B ded/ght |
R e A S e
hi gh. cellulolytic bacterium, a fungus, ¢.g., a yeast, a plant or a protist, ¢.g., an algae, a
protozoa or a fungus-like protist, e.g., a slime mold. When the organisms are compatible,
15 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. e.g., Sacchromyces cerevisiae (baker’s yeast),
20  Saccharomyces distaticus, Saccharomyces uvarum; the genus Kluyveromyces, ¢.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, e.g., species Pachysolen tannophilus, the genus
25  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
30  Yeast, a division of Burns Philip Food Inc., USA), SUPERSTART® (available from
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Surfactants 20The addition of surfactants can enhance the rate of
saccharification. Exanples of surfactants include non-ionic surfactants,
such as awOwean®oA® or TweenO 80 pol yet hyl ene gl ycol surCaaisanmv®s727oni c
surfactants, or anphoteric surfactants. Qther suitable surfactants include
octyl phenol ethoxyl ates such as the TRITONTm X series nonionic surfactants
commercially avail able from Dow Chem cal. A surfactant can al so 25be added

to keep the sugar_that is i roduced .jn solutjon, particularly in high
concent r éﬂreaﬁ, gy L Fred) §§§3ﬂ§¥ﬁ%@#&#%ﬁ%¢% SHBAMNBIHERT , ¢ he
medi um hag tremil™ QARSI CERATRVIAHLOBRcHf component s: Yeast nitrogen
base 1.7 g/L Urea 2.27 g/L Peptone 6.56 g/L TweenO 80 surfactant 10 g/L

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, ¢.g., between 15 and 1000 ppm by weight, ¢.g., between 25 and 500 ppm,
or between 50 and 150 ppm. If desired, an antibiotic can be included even 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 TRITON™ 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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PHYSI CAL TREATMENT OF FEEDSTOCK PHYSI CAL PREPARATION I n sone cases,

nmet hods can i nclude a physical preparation, e.g., size reduction of

S5mat eri alwQ 28uai20®8 by cutting, grinding, shearing, pulPeriuszog0sT272
choppi ng. For exanple, in sone cases, |oose feedstock (e.g., recycled
paper, starchy materials, coal or switchgrass) is prepared by shearing or
shreddi ng. For exanple, in other cases, material is first pretreated or
processed using—one—or—nore—any—of thenethods—described herein, such as
radiation, santeatRiGREHESEat i on, pyral Y684 or sfeam expl osi on, and then
si ze 10reduced;Qf further size reduce .ijggying first and then size
reduci ng can |be advant ageous since treated“materijals tend to be nore
brittle and, [thgtemikore, easier to size 6.86lgde. S¢reens and/or magnets can
be used to renpve—-oversizedor—undesirable—objects such as, for exanple,
rocks or nail[sIW¢oH Shaurfaskat st ream Rel/brepar ation systems can be
configured to produce streams W th specific Ibcharacteristics such as, for
exanpl e, specific maxi mum sizes, specific length-to-width, or specific
surface BHAYS CAdL TREATVIENT @IF BEED&THOHGCKN can i ncrease the rate of
reactions or reduce the processing tinme required by opening up the

mat eri al s angﬁﬁgéhﬁ utgﬁﬂhﬂﬁigTﬂS&ESSIble to processes and/or reagents,

such as reag _ oroiton—rhe bul k density of feedstocks can be
control | ed (epBsomd dAGECAREMHS cAinSRAR a Hhiydl ;p%i‘)ﬁratibﬁ, C@Nsikercdgsionat e to
20prepare a |low bulk density material, densify the material (e.g., to nake
it easi ematgndls] ssh ag by cyingerindargs plmaring oudrszingrorshopning.aher axheple; ever t

the material to angpme{ $¥I§l%ensit tate.t Size Reductign I n sonme
embodi meMt* Mt REHELRY 16110 \G& P %%@spéaefr &4 ytnhaéer%agsr o a fibrous
mat er i al swifagrdss)cik BeParctivyehsarfic®tisBRddidY. Fheataniide,an bihbLtassq i ial FOr

exanpl e, the shearing can be perforned wth a rotary knife cutter. 5For
exanpl e, isgirstisetFcatad ar pEoceased usinglpae of groeey ofithe msthods desseibedagcinad it s

such as radiation, sonication, oxidation, pyrolysis or steam explosion, and then size

10 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
15 characteristics such as, for example, specific maximum sizes, specific length-to-width, or
specific surface areas 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
20  prepare a low bulk density material, densify the material (e.g., to make it casier and less
costly to transport to another site), and then revert the material to a lower bulk density

state.
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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 t hwough/mos4sr st screen, e.g., having an average eperisego®sze2 of 1.59
mmor |ess (1/16 inch, 0.0625 inch), provide a second fibrous material. If
desired, the fiber source can be cut prior to the shearing, e.g., wth a
10shredder. For exanple, when a paper is used as the fiber source, the
paper cap. be first cut into strips that are, e.g., 1/4- to 1/2-inch w de,
usi ng a SHeddedictian 5 5 counter-rotating screw shredder, such as those
manufact ured py MINSARAEIELSEAne Mhayidt 1oAR A0ALLSE NAKL Y&t & SRESACI no. the
paper can be reduced i n sizée by cu{tlng to a desired Size using a

gui | | ot i mateeial thetrincludés fEbeagiploeidetl e shtrink atfibee sautd. foreaample, thsed to cut
the paper into 15sheets that are, e ,g., 10 inches wide by 12 inches |ong.

I n sone @Wﬁ&ﬁ#ﬁ%ﬁ%ﬂmﬁﬁ@e%ﬁ@ﬁ@ﬂﬁﬁmbbnﬁﬁémﬁﬁber source and the passing of
the resulting first fibrous material through a first screen are perforned
concuw rent | y. FdtwampRas ifibgr uecel bg., B & rRealciadntadriatihes partornmed in a

bat ch-type process. For exanple, a rotary knife cutter can be used to
concur r effelgitigpegievelpeducehegan po sheared c@ndn & EplaBnknifecuftes & pyide guyst

mat eri al y1 kpid i,nci el ed with a
sr odded P e, G CbbEL e 20 MBRAL HEher b o a PR e

fi ber soaraerdge oponiag isirplo€ rBAtraniod hss (1/h@ ifche@ 862icich)s prokyki acsabdnd t r eat ed

prior to_.saccharificatiaon and/ or fernmentation. Physical treatnment processes
can incl{l u%ﬂ@t%lﬁi-rﬂgﬁemm their SQUSENPESEF PERIO Fhfr@ﬁ%r}n% Gih Y4 P

mechai c@lreddeeatiBhm &b@v@bﬁ@baﬁér‘?@ﬁé@ﬁ% thelPer @&gb@;tth@]ﬁa B &N s Ot _

oxi dation, pyrolysis gr st eam expl osi on. Treatnent et ghs can be used in
conbi nat inemstrips thatwoe, ¢.gr &d; tdf Brinchowideyenngd bhredder.lves 2 c@obmmabegnges (i n any
order). Wen nore th ope treatnent t.hod i se he net hods.can be
appl | bl ST REOLer T ALGR KPS Rd IR Ry Ip ASCBALEOR R change
a Mol eCUloAhrdieC iHdTap@f cadt boir QRS irf SRS Qfifind Y @sHEd Hise HsiRda al one or in
conbi nation with the processes 30di scl osed herein. Mechanical Treatnents

I n sonme gwibetine qwiehdiy caamplenibl gyBlotibe Rathir san by usaddacitife parer Bitonass
f eedst ook Neehani 63l orSALIRRLS,) Polfe. ofor example, cutting milling,
i ndi'ng, =sh o c pping

pressing, drinding, earing San 0 .gAAIIing may i nclude, for
exanple, ball mlling, hanmer mlling, rotor/stator dry or wet mlling, or

ot her types ofn soind domgpdir@eiiethaschiang ebthe fibentomesstanditiepassiog oéthg. , st one

grindi ng .ackin nechani cal ri.ppi.-ng or teari in grindi ng.or air
artrn oD FopdRmArd Pro bl R s et S B Qi ot M 05 pent ng
up, " " st gReashdIghd 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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10br eaki ng and shattering the cellulosic or lignocellulosic materials,
maki ng the cellulose of the materials nore susceptible to chain scission
and/ or resocbilomosaft crystallinity. The open material s caoTalss@obsr2npr e
susceptible to oxidation when irradiated. In sone cases, the nechani cal
treatment may include an initial preparation of the feedstock as received,
e.g., size reduction of materials, such as by cutting, grinding,
15shearing, pulverizing or chopping. For exanple, in sone cases, |oose
feedstock (e.g., recycled paper, starchy materials, or switchgrass) is

pr epar edyR¥hSkieA TrduRéns hr €ddi ng. Alternatively, or in addition, the
feedstock material can first be physically treated by one or nore of the

ot her physi caln soneatanesnmethetih oatsincladg meclkdrelly dtcatimgtht eorhass feedstatk.on

soni cati pn,, oxi dation, pyro i s or steam explosion, .and t hen chanically
30t r oat SehsRied BufaneIRee Ry diaoBne At 01 Gen BB erndire. HRattea by
one of NMRHECHH ﬁlr@.emllﬁl%rmw ReldBNob exdale, ball mhifitHgahadfePhillyg 0l ysi s, tend
to be nore brl?t e and, therefore, it may be easier to further change the
mol ecul afoteststaier 4y @r et muldingearethesitynsy ofpdliagi Oaher mpashames treatniengone

enbodi ne q.th dst o terial .S | - 1 erial,
25and mobhaecar: 1P Eae NN TR haSebRaleh hifes S Fadle bl bEIENEe The
fibrous #@itynimlllingShearing can be perforned, for exanple, using a rotary

knife cutter. O her nethods of mechanically treating the feedstock include,
for exanple, Merhanigy! ratgenhenndhy. adnpntpgeqys Hay OBRIREYR.or HEESIASI ng, f or

exanpl e, ML I NE : ' ] [ iel, di sk
D cuy SRR A clng A ictubR: pe PO ol ey KA nEBlnahe EONETs

30usi ng, tht anatexdsmpber, suaceptiblego ghaindassiopaml/gricduteion of ofys@dirgtyi fidcher , or burr

grinder. Ginding may be provided, for ex | e, by.a recjprocating pin or
ot her el ¥pfEpaters SP@yﬁl%b @e@%%ce@tlgﬁitﬂom%ﬁu?n&lﬁémm ni cal treatnment

met hods i ncl ugesoRGARY BRImddhRREAre@imdn® Aaly RRoludd HehitBE pRAGSHbN8E (haPP! Y
pressure to the material, and air attrition mlling. Suitable nechanical

t r eat mentesdstenkt dsercdived age sanyeducher off matenilgusmich haby cittingesinding, nol ecul ar
structure of the,feedstock. 5If:§esired t he nechankg&!%gdégégﬁeuj mat eri al

can be D g}glag,tpm,vgué]ﬁg 2T £honping. eo_r&(?mpl’e, 1n SOme cases e.g.,

recycled paper, starchy materials, or switchgrass) is prepared by shearing or shredding.
Alternatively, or in addition, the feedstock material can first be physically treated
by one or more of the other physical treatment methods, ¢.g., chemical treatment,
radiation, sonication, oxidation, pyrolysis or steam explosion, and then mechanically
20 treated. This sequence can be advantageous since materials treated by one or more of the
other treatments, e.g., irradiation or pyrolysis, tend to be more brittle and, therefore, it
may be 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 example, a stone grinder, pin grinder, coffee grinder, or burr grinder. Grinding

may be provided, for example, by a reciprocating pin or other element, as is the case in a
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havi ng an average opening size of 1.59 mmor less (1/16 inch, 0.0625 inch).
In sone enbodi nents, shearing, or other nechanical treatnent, and screening
are perfovoadiiooosmrrently. For exanple, a rotary knifePcutusesiooan’be used
to concurrently shear and screen the feedstock. The feedstock is sheared
bet ween stationary bl ades and rotating 10bl ades to provide a sheared

mat eri al that passes through a screen, and is captured in a bin. The

cellulosic or |ignocellulosic material can be nechanjcally treated in a dry
state (ePgmilly Q}ﬁﬁdn?qh@mc@ tmatm@tm%@%%@vcfedﬁgﬁ%wg TRRAREYT ey dr at ed
state (e€o@ep mBAYHIBatdpplPpieSArPR thERhtPUL WR F bt ARSOIRGH: WBLRIe OF in a
wet state, e.g., having ‘between about 10 percent and about 75 percent by

wei ght  warceranicthicdtinbets fgther cwlakmng wéher beehtigre thaohaged the trodetuéat whi | e

parti al l or fu J[hy S {Te{(ged under a liquid, such as water, ethanol or
i sopr opatigi{cure ot e el‘ﬁféolc ber sourcecel lulosic or lignocellulosic materi al

can a so be NEWRANIC le! Medhb@idhI8otréEBhaRrifiadin (b2 Passcd shrdust 4 &30k o,
at nosphere of gas other than air), e.g., oxgﬁgn or nitrogen, or steam 20If
maey lass (¥

desi r ed, havighimevsseciopcriagsizeaf 1,58 inch 80 inelberdn 40mct hat
i ncl ude éﬁ@%@'ﬁ%@{ sz&lri &L o9bt%8}e rﬂgérﬂg%{c‘eagt?%'%%ﬂﬂ‘?gcf Sg%géﬁgn@tﬁgf?%{g% ghat include

cel | ul ose, rial=’can a rior ani cal

t r eat mengometrrentiyadicick @iphe) 4 Fotdre &hife auttdienn 6alisddeo Gonculiichtly shcadigndl, base or
a strong oxidjzer such as sodi um hypochlorite) and/or an enzynme, For

d y
exanpl e, SEEIihP frgdeask- pEheferdstrckdushearadetiseasareraryilagss agd wiatigmechani cal
treatgrent,3%sb ?P@vi&@@s}%ﬁreﬁ%&r@é{ e p%&e?fh?%ed s%%éeﬁ,aaﬁ?a WM d A SRGEL bl
nor phol ogy characteristics such as, 'tor exanple, surface drea, porosity,
bul k densi ty, Thncklluiasid drdignaselubdsid mbtenslscah de dsicbakissllyftrdacrd iahakact eri sti cs

h | th-to-wdt tio. J di t BET f
aren of 1HE e haTiNe L& pr o d et el WOTS: GradEien SeHoly 0. PV e 0o .
greater {RaR@ndR n\g/gl/ggt’ at9b®el Yatdr)BPir @eﬂ%}tgg e. 97 BALSY bdchash éﬂbogt isrr(g?fgy g,

greater than 1.5 g, greater than 1.75 g, greater than 5.
gr eat er pdragnt 20d alfyug /5 gersantdry weight w8empPihg, figr eatres canleamn 86 nR/ g, great er

th 50n2/ han 60 . n2/ t t.h 75. nR t th 100
o1 o' o BariantpRnaet ViDr gorislTe P st inChast WRBerg i B SULPRGTEE e " han
250 N2/ gethdhddOF B6plopafl. t he nechanically treated material can be, e.g.,

greater than 20 , , , , '
The fiber sourcecellulosic or lignocellulosic material can also be mechanically

treated under a gas (such as a stream or atmosphere of gas other than air), e.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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percent, greater than 25 percent, greater than 35 percent, greater than 50
percent, greater 5than 60 percent, greater than 70 percent, greater than 80
per cent, woeatigwoishan 85 percent, greater than 90 percerCI/use@atsr27t han 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 ment s, after rrechani cal treat rrent the material has a bul k

density 10of |ess t h /an e. 0,15
g/ cn8, 0M08 %rﬁatﬁ%thaﬁ? é%é% gée &r theg. l&ﬂgnég e%%ﬁter Eﬁ%&éﬁga gttgﬂgét 29‘# ned

usi ng A%Mfg%'éﬁgre%[ér%dn)gsotrﬂ@g met hod involves filling a nmeasuring
cyl i nder known "vol ume with a sanple and obtaining a weight of the

sanpl e. The bﬁlpor@etmaftﬂ;ﬁ mecheaicelly ticaed myptedialdagibege.gheroatr ¢ien 20f t he sanpl e

in grans b the of the, c nder .in cubjc ntlneters 151 f the
f Bedstoontat et B YR drophemRY RS PERErt Pie it S P:trErL Bekics

nmechai Cakh %0 peReAE SreaRE ﬁfahalb peARnf) @MQte tHa0l éjet/&ht/ %@Eeﬁ!@ha@%ﬁﬁ@&nt

| engt h-to-dianeter ratio ) greater than 20-to even if they have

been shegicaigr then QOmhaﬁnfoE@@ter th@n ddictdeni graates th%nt%r@r@fﬂt {2FRatgrit
| d/
materia erge%% %‘f;ﬂgrdth fé%@le}s%t% r ﬁm@%}stceﬁ éé g&%;%%‘étt&ecﬂ% 8 and/ or

| engt h-t | on average fi ber
W dt hs (gergent. di anmeters) are those determ ned optically by randomy
sel ecting approximately 5,000 fibers. Average fiber Iengt hs are corrected

| engt h- wei ght Brsomsrrgplediments, a@smlﬁ@tt?@tca Eﬁ%@@ntathamﬁtqrtab 33 hilk densityr eas are
mul tg p%ﬂ%ssst}ty Gge gfhtas. 2 ? Oggé}ﬁ%' ltS SmB08 ot JAFE oOt%t%%#lm Qﬁﬁ!tfx ghercury

por osi netr secon todk'is a f| brous rafer dver age
| engt h- tO)O@IS ghet’ e Bulsdasity isafetdrimrexdsisofy ASEMR LI9SR Bdidfly, theeattbad mat er i al

can be, ater than 8/ reater than 10/ at er than 15/1,
great er tnwgwe%ﬁlfg agPeAsiEns ttﬁgﬁi%%f/@o Brvolymas atsﬂ%lﬁ%@s%‘% POENNG dor age
fiber | epgiht Oftht Elamstec g0 bﬁlﬁ'deMst}h@%‘Slgfﬂlaféﬁtb?rdlﬁtim%%ﬂe Q@rghﬁotgthe seQﬁ‘ISItéBen

about 0.5 nmm and 2. e.g., between about "0.75 nmand 1.0 nm and an
aver age wmigtems bet@ knodana»méurm »f e cylhedes ecarbic ¢qnltm®tﬁ§s mat eri al 14 can be,

o013 oL RO S A U0 NS0, g RRSTRGRALL 10 (2,0 0
st andar dmechanically treated material can have a relatively large average length-to-diameter ratio

(e.g., greater than 20-to-1), even if they have been sheared more than once. In addition,

the fibers of the fibrous materials described herein may have a relatively narrow length

and/or length-to-diameter ratio distribution.

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, ¢.g. greater than &/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, ¢.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, ¢.g., between about 5 um

30 and 50 pum, e.g., between about 10 pm and 30 pm.
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deviation of the fiber length of the nechanically treated material can be

| ess than 60 percent of an average fiber length of the nechanically treated
mat er i al ,we.2¢g11/09b38s t han 50 percent of the average | engChjusc@s®st2han 40
percent of the average |length, |ess than 25 5percent of the average | ength,
| ess than 10 percent of the average length, |ess than 5 percent of the
average length, or even less than 1 percent of the average | ength. I n

sonme situatiops, it can.be desirable to.prgpare a | ow bulk density
material, den Wet%béﬁgv@}tﬁ,é? the deggStock & gy {na@a@fy_ °$Hel%ss costly to
transpor fe s QiARHREfibS 1&th oARE nicdRBAhi &Y B datchihRatdmd @6k B¢ 1kQthan bgver bul k

density state. Densified materials can be 10 processed by any of the
met hods plrsart bbewlatsagsi frher bmgtnyf themechalicaly drcetsd ethtdyial any, lofs thive Soret hods

descri bed herei.n can be, subsequentl y densj fied, e.q. di sclosed in U S.
Gor n NBross P s e et 1o BB petael of Fevehidt 1R GRSt whi o
are i NCopREFMLEhcROERLAIRYH RESHANGE pedcedt SFahdBRiadeQema@h UBslthaes Reduce
Recal citrance or Functionalize Materials that have or have not been
physi cal P§Fegit eptheaycrean loapeth; peeicadess shanysperrent ghthegivedae tansth. pr ocess

descri bed hergjn. ] r r i r i bed bel ow
may be i ncl udg1 inhec%ﬂﬁ%t%rnggg %Il ?gr %ér?% gblgé%)g%%%ﬂgeoaggglrbg@ﬁ%%ﬁ%ﬂ}ea%eg{ag’cussed
above. Addreifpaid metedial 0k, it made ittebsits andtiBIcoptpRagmesorf @Fanbe@tiCitd)g

recal citrance may be 20i ncl uded. Treatment processes utilized by the
recal ci t #hden FyaGchaigaispeltanilpyeibilk densHyisié Joenstisd mtergls sarphe

irradiat] i I i I | ysi . i.00..¢Tr eat nent
et hita. 28Bess PR 6RF b nitlodS b Qb UGS fiy HaEhABRERAT B of T 5L

t hese t ethemadtiogiselesdribed Angimocalerc)subfualyi dehsifind, kr.gadsBsitiosed in U.SOne or nore

radi atio rocess) sequ use 0. pyocess terials fromthe
f eedst oc e,r%é&c?' ?ff@?&?‘ggg&g& @%@g@ggf@e éle%flh&i%ké‘ﬂféﬁt)fg”gﬁﬁ&é% to extract
useful sybstanesshdr&if®yb@rdgedst ock, and to provide partially degraded

organi cstructurally nodified material which functions as input to further

processi ng steps and/or sequences. 30lrradiation can, for exanple, reduce

the QTEP I ecul arT\ll\éealtgnQ}lt &)@({lgﬂili%, é[ ulcle ll&'c%t%it%nce or Functionalize

Materials that have or have not been physically prepared can be treated for use in
any production process described herein. One or more of the production processes
described below may be included in the recalcitrance reducing operating unit discussed
above. Alternatively, or in addition, other processes for reducing recalcitrance may be

20  included.

Treatment 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 variety of different 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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feedst ock. Radi ation can also sterilize the materials, or any nedi a needed
to bioprocess the material. In sonme enbodi nents, energy deposited in
a mat eri avotzhatovp@eases an el ectron fromits atom c orlpcralS2018/0s=ed t o
irradiate the materials. The radiation nmay be provided 5 by 1) heavy
charged particles, such as al pha particles or protons, 2) electrons,
produced, for exanple in beta decay or el ectron beam accel erators, or 3)

electro netlc iation, for nna rays,. X r or ul travi ol et
rays. %O%pd{%é@éwn ca alsg sicy Zﬁ‘oﬂ‘g e byr A s e e BIAPIRRSES can be
used to ﬂk&@ﬂ&ﬁﬂe the feedstock. In sonme enbodi nents, any conbination in
any order or concurrently of (1) through (3) may be utlllzed I n 10anot her
appr oach, eI ehtsomm@mlmdumemachnaigwdnpqseteg m amatfdubéldt 1ebdangy el cdestroon beam

emtters e use o irradiate e dose K:! i,ed depend
on the aliefnBtgriartie e S seh e BE b T b o et Baibe B4R o ahen
chai ns sChy $) RAvY Sh&8&d pahtiss, @ﬁ@l{ & al P parBdle Lo rétoh 4l NG kicoeds] 51@%1%8&1 i's
desirabl e, particles heavi er than el ectrons, such as pr ot ons, hel i um

15nucl ei for skayopici ivrbsta dgicny elotiedtiondcamersaelFraiss, og &) bléﬁrqrm@etlcpwdsq@ﬁm us

cci sei on Eoan@yefmELbb 00 FARSAe ul b Bprat e B NP SBERRED 1S T

Lew s acbgradicapgvd s@smﬁ@rs ceﬂﬂbans‘eado ﬁﬂritﬂat@lﬂ&meétg;tdﬂkalhm s&ht Sﬁlb@(ﬂh’neﬁ’@[
exanpl e, when maxi num oxi dation is desired, oxygen ions can be utilized,

and whendteserHhipationt apy eisler er epasyirenily ofi(rbighi(drsay hputlizedt in i zed. 20The
h
Us, oo ARG ARDRHH, 5RRRAREE ARl ERRAER-RLIE pREPLARREEBRT | 04

her ei n bg/anl"t&ftsedatmmadlate the fdadstoole Tied dapds agplicd ldspemlmnethe désiteatfects or

i ncl udes cel | ul ose V|ng a first nunber average nolecul ar weight (MN 1)is
irradi at &yt 8P6“wu%9 f¥3%Kvent with ionizing radiation (e.g., in the form

of gamma radi ff Jofd indfak@Y WhelcRih QllssidPR daftdtfe AR0or P rrc@ﬂ.n()l et (W)
25l ight, a beam of electrons or other charged particles) to provide a

second nﬁmehmtailhzattmatls dmﬂah&epamelleli béayse tltrm;almoas,ssaclomrnwmdwhamer age

nn!e ular gﬁ%%%l ower t han. t he f|r§t n % avera e_nDIFculgr
wei ght . é%fh LGon 4PN BYOT} QRS CRIPOP 19f5yD OéB S HECeYYar '°CaR’ be

conbi nednlwog&h Bt QO ARY S WHew rind-enitg IR Qs cBETEY IRk reR BByt hat can
utilize the second and/or first material or its constituent sugars or

| i gni n tehapgaddaeteclesrragbientibirereler Hied lawigagd pernstticsdoctnhascedinge descri bed

herei n. opening chain scission. For example, 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 (My;) 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 (M) 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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Since the second material includes cellul ose having a reduced nol ecul ar

wei ght relative to the first material, and in sone instances, a reduced
crystal | iwptg11z90el |, the second material is generallypoorsdiosprrsi bl e,
swel | abl e and/or soluble, e.g., in a solution containing a m croorgani sm
and/ or an enzyne. These properties nmake the second S5material easier to
process and nore susceptible to chem cal, enzymatic and/ or bi ol ogical
attack rel ati the first ich can great| rove the
production r R /SETOngrBRIEHA! ! Iesio 4@@&6 hYYQ%@ haviiesd 11%9'&0%‘ %%ia afar weight

et hanol . rJRadkad HHRMirSEat@hif Cakt iRlsbink 28tdid8s, %E(ﬁfcb@k@sﬁﬂnﬁt‘%ﬁs%@l‘ fheneeded to
bi oprocess the material. Ih sone enbodi nents, the Second material can have
a | evel sfconkindtetriabis g@ﬁ)ezr)tll)t ate cmpesmhlieg*veerllableamdtom@ollubl@eés gofn osoldzan on (Of)

of the first. material. A.h | evel Bmdatlon ofly][ rrate(rilal can aid
inits dfERHPLEEITICERPTeANEt ?‘&ﬁ?ﬁ a}“t%?lzﬁ’ﬁl&/ SRS ORGSRk E? £$8P enhanci ng

the nat emh@liaBeasids ﬁﬁ;l%bé%ls bihd Mm'ir@s&@@ﬂbfe&b ,ch@rﬂicﬁmhiﬁnaﬂfc AR @QJI&%&aI at t ack.
I n sonme enbodi nents, to i ncrease the | evel of t he oxidation of the second
mat er i al atfask aglpties todhe fiest miatesiel, vebidy gaal greatlydmpravedhapiodiction rasrandored under
an oxi di t . of  ai gen,

pr oduci nér'oﬁ@cgtﬁo@‘é%(ﬁi’%%ﬂ%ﬁ ?p?%dutdl% %Dqgaémgxl?%ﬁéz}ﬁl Ctaﬁ alsdys F}erl ?(F-Rs%/ mat eri al .

For exanph®rialshe afearad n¥ed&l tb dioptedeshithé endiiL. hydroxyl groups aI dehyde
groups, ketone groups, ester groups or carboxylic aci can

increase its Hy@mspgmtadanenys, t %WCQP%@E‘%I%@NG%@%W %ﬁiafﬂoaf(Orz)afaatat. on
| oni zes fsgw?%h%?ﬂﬁe @ﬁé?l%{?él%f'&%cmgﬂg&?g@l loRthe VA8t M %ﬁélC%Lﬁ{ghéﬂEgél%‘kaﬂQﬁon as

det erm ne ener | ati1 on. part | C es
prinarilyf the)maz@laltraart z&d 1n/1tﬁdi@‘pmkadunti1ysssmlllabﬂut§nmd/cﬁnﬂotd’md[tynﬁuﬁhert hese
interacti . uce € eti C J ectrons hat rt her onize matter.
Al pha paftt ae<r1 %Q*&rraatﬁla ﬁi%é%ﬂP“Pﬁ ChSTIdS LFélzmﬂa ‘Pf l?lamcaf[ aaménhl are

pr oducedsdiye EhiGoBIBAS, 1 ‘%&&é’as@fthe\’l@{’zél%'f' thel AGIRRA L UR LadtiGhBbrialSEahvas
i sotopes of bismth, pol oni um astatine, radon, francium radium several

act i ni dew,thg fich m@rmbtthmlrmmatlph oy panfqrrnad andaran onamlugl Envyononeni, ¢rg.»
ticles tilized,

[if d
C pey S anugth p Bk or Rl BT scoqng i iR iR Fo8 P par o

When chamgemlst rhdterigh&8608GnAeE, tthe@ie@&ncpﬁateh@péanqla% ROk EL RIS igY&paY
30negative charge, or nmultiple charges, % one, two, three or even four
ali

or nore dHengegroups. katatcaaiewns, pstengipu of sabaxwid asid gieups whéehi gaad,
posi tively GhatasfRAifdig es may be

Ionizing Radiation

20 Each form of radiation ionizes the carbon-containing material via particular
interactions, as determined by the energy of the radiation. Heavy charged particles
primarily ionize matter via Coulomb scattering; furthermore, these interactions produce
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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desirable, in part due to their acidic nature. Wien particles are utilized,
the particles can have the mass of a resting electron, or greater, e.g.,
500, 1000w02B0@902@00, 10, 000 or even 100, 000 tinmes thepromds2@/08720ESt | Ng
el ectron. For exanple, the particles can have a mass of fromabout 1 atomc
unit to about 150 atomic units, e.g., fromabout 1 atomc 5Sunit to about 50
atomc units, or fromabout 1 to about 25, e.g., 1, 2, 3, 4, 5, 10, 12 or
15 amu. Acce]erators used to accelerate the particles can be electrostatic
DC, el ectHaRalhneriyes t@%e}riaﬁ I}atwggﬁ“zleqncp SRATF B 79 PABHEI ST nuous

wave. FOR,ARIRhE; oG Db P& AEAE, 8521500 S1080€1 020060 6,000 8M | BA,
Bel gium such as the RhodotronO system while DC type accelerators are

avai | abl evehrlOhORDtimes dlve mBA of@Iredurgtetdcabn. Eoacdxaamld, e Rytcled ¢andrade al ons and
ion accel erators are . di scussed . in | ntroduct.ory. Nucl ear Physi.c Kenneth S.
e mnas S ity 2icted rESHRAE o Foml SO GG D s Hten SRR 15N 1065) 4
177- 206, uidhid, ab¥lid 30 @Bmio units ek drh @vo@f1 thia@bit-2508 cBaamilhes apy'i2 or 15

Col unmbus- Chi o, | CRU-1 AEA Meeting, 18-20 March 2006, Iwata, Y. et al.,
" Al t er natthngAPpigratorpeigd éelagaslepife theqrartiqdengan bgglavtditatzd DAccel er at or s”

Proceed 008, A8l FOC 2P0 oL DR A cBSFhARG: ANAIhERNEe G € 2L

" St at us per conduct ource Venus roceedi ngs of EPAC

2000, Vi edfdle, Aysibirb@type accelerhtorsaavanbldisrnBa, Balgheanuel aglhect rons is
used as the radiation source. A beam of electrons has the advantages of

hi gh dosBhodatiea® sysigm, whiledC gpe agesheraioraradvisplesieens KDL now dBAL hr oughput
| ess1o°°”fn%h£1ﬁ§1f,‘5 ch3nd Bg&ﬁﬁ%@?‘%}%@ndﬁw‘ﬁ&r@%g%o sBrEGiLL %Qesdtiﬁoca” al so be
more ef f1CIent At causi RY ehain scrasron I a Pticon, “éréctrons havi ng
ener gi eslnbioddetd Wdleas Physiay K can@RseKirate, fohndWith &o$ork, Ino. GOS8 Kegto nor e,
such as 40 one cases e el ectron beam deyices

mm_In s mul tipl ) ( (e.qg.,
mul ti pl ePrtssaBIZIKA B S (189 Rr% &671286a‘§hm ¥R .o Qyepdey of bighelenBsamyl t i pl e
doses of of arohadiekt i i i | beam
power i STE%%@{ |€&g@}§| evegpggf{%%@}\&n%ﬁ%%ﬁtg%q lglla%{ggjg% ng}ragit}thhS{ ﬁ'e’ads. For
exanpl e, “AhengirpePhaser Foeaal digvD Ele fordyeavpd b tiedioab AcfderatordrPromredings

accel erat | - AS _one ex le,, the e tron heam deyi ce may incl ude
four1%cc%ﬁlg€%€§ﬂ§g’ffégé§{r&é§éﬂg %ﬂiltﬂarnfﬁab :fﬁé‘ m%ﬁ%f’ﬁg’ﬁ 300 kw for a
total begmeMalictfe BER Pk Wurdd € Hsie Pobccldinkd & EPAE2d80, BRAM, Afusihai ch has a
relatively | ow beam power, prevents excessive tenperature rise in the

mat eri al , theetoynemmehodimenisy athermi afglastronsve uBGhast the ragliatioandumbsd i ncr eases

th if it f the d th h.t.he .t hi f_the | terial.
e il e ot bR B PR St Bt 28 bR TR s By el o o1 8
Appl i cat @bnd)Neigh GlbB@thu8Idss chhtaRih &€ 1208 €fss 20nfirdikdt eduigmeRMBl@bBns

di scl osure of which is incorporated herein by reference. )
20  can also be more efficient at causing chain scission. In addition, electrons having

energies of 4-10 MeV can have a penetration depth of 5 to 30 mm or more, such as 40
mm. In some cases, multiple electron beam devices (e.g., multiple heads, often referred
to as “horns”) are used to deliver multiple doses of electron beam radiation to the
material. This high total beam power is usually achieved by utilizing multiple

25  accelerating heads. For example, the electron beam device may include two, four, or
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 material. Irradiating with multiple heads is disclosed in U.S. Provisional Application
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El ectron beans can be generated, e.g., by electrostatic generators, cascade
generators, transforner generators, |ow energy accelerators with a scanning
system |wo2bawmmogyy accel erators with a |inear cathode, PCIrnsas0/057272

accel erators, and pul sed accel erators. Electrons as an ionizing radiation
source can be useful, e.g., for relatively thin piles of materials, e.g.,

| ess than 0.5 inch, e.qg., less than 0.4 inch, 0.3 inch, 0.2 inch, or |ess

than 0.1 in S nbodi s, .the enerqgy of each.electron of the
el ectron Beé%?“'sgfrlr g?da@%}a‘eerégggmth%foawéﬁ? 8%.0198%953%% 1§ BISOROBES on
volts), RerBinbyfeRE@m@bout 0.5 MeV to 10 about 1.5 MeV, or from about 0.7 MV

to about 1.25°MeV. Electron beamirradiati on devices may be procured
commer ci al | y Eleoton beanBeambagphdratadi opshy tloctvaiaticl ggndletove ca®edqi um or t he

Titan Corporation an Di ego, . _Typical electron, energies can be 1 MV, 2
Vv RO B b o RBTES e P ERYT B BOSHIT TG A1 FOH dovi ce
POWers Cagh deckWatérs kiMvh alifh ds¥éatRick Mca @cckRori¥s, R0V aofletiddis.or 500 kW

The | evel of depol ynerization of the feedstock depends on the el ectron
ener gy uEkedtrensdstansoniasg radigidnasgurogtsan be vsqhels ege fori rlativelp da dilenok he power

and dose, Tvpj.c . e Vv, fi .1 KO, . 10 0 kGy, 50
KGy, 1ooml%’§jllgfsb$§2 3 %%é@&r%ﬁ%ﬁgﬁ @'ﬁ{éc 7 gt)éi 18‘?111’?%/ 1r‘%°%r%26| Fr%a%‘t sin

whi ch t he1iifidhadh 8b1inB gmbsdipents) tHedcitytol cadhedédtmad el ¢lectfondieainl i9 froni he

el ectromagneti c radi ati on can have, e.g., energy per photon (in electron
vol ts) otboyf BatMeVipabput @9 MoV (milfion clecuan xplty g rom abepid.5 MV toj06, or
even,gre Y/ oSPNE i -\t he el ectromagnetic

r adi g?i o?goﬁgégte}\%g\r]’é%fgg%(a%%gt(bn oﬁgtea?g\ﬁ/etglﬁﬁllg%\ﬂand 107, e.g., between 105
and 106 eV. THhecebrebtanonegivivhceviack mby boipwanred shaveraally #qudooBeaf, e. g.,

greater than 1016 Hz, .greater than 1017 Hz, 1018, 1019 020, or even
gr eat er éﬁ@ﬂ-ﬁaﬂe@% Lﬂ&?%ﬁﬂ%@%ﬂﬁe%@%%%mgf itgny 01@?@89%0%&3?1‘@% A-adi at i on
has a freguenelecbn BRIBRECanlle LR1ANS NIEY24 KA @, 85 MAEMEENIAP19 to 1021

Hz. Doses™ I n"sone enbodi nents, the irradiating (Wth any
radi at i ohypoalrchetron beang omdsiiatzmi dsmic8 Pofves caurlwelskWi, § kyér Fide\Wed0 kW, iSD t he

mat € E! al kﬁ’?‘f&b KGVS, %0 ﬂ%,eor %BO %’Vl %ﬁesfevg'o%%e%lgglérigdtl%h 'of %}e feedstock
depends on the electron energy 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” ¢V, e.g., greater than 10°, 10°, 10°, 10°, or even greater than 10
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, e.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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| east 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

mat eri al weceiwvmwss4a dose of between 1.0 Mad and 6.0 M adT/us2@0/0512et ween
1.5 Mad and 4.0 Mad, 2 Mad and 10 Mad, 5 Mad and 20 Mad, 10 Mad and
30 Mad, 10 Mad and 40 Mad, or 20 Mad and 50 5 M ad. In sone
enbodi nents, the irradiating is perforned at a dose rate of between 5.0 and

SRR LR R TRE TR e R A T b

sour ces ghBodigehks, Y GhadBina0 pQForbfdd MRl Lth A&l SedeRLL &UbQNSE beFiREenexanpl e,
sanpl es can be treated, In any order, wth a beam of electrons, followed by

gamma r atiDatradrandd Mvad, Eghtbetvanenneh W&(bateh‘bﬁ Mrafly DMrabaut 10BBahk t 0 about

Fadi a1 onrabEREPE ARt 3 20RER. B Getd SR \Hr pANR pERSE and
energeti girddy |1 ght. Sonication, Pyrolysis and Oxidation 15l n addition to

radi ation treatnent, the f eedst ock may be treated with any one or nore of
soni cati on, SprS@mﬁsqnsb%iﬁaerﬁ%ut@tﬂadwtlngh%mfmééﬂh@msepsat@@ébst@@elaﬁé)

descri be AL0 840, d by
refer enc%1 férogl%nil\llo%%% recﬁ:ebsegvé] "%fos(ggrfdsﬁjrole(l) glféor\gg/ﬁ: 1}158§ éet(gv% @pﬁhge O To
Funct i on330.@ eildays/Bdurt. he processes of this par agraph can be used al one

wi t hout any of the 20 processes described herein, in conbination with
any of the pr Bb“@gwlu@s@@mbéﬁroWéﬂ@irwa@moaﬁw@?wre}lsedsﬁwrﬁSéwm%s. on,

Cheml&a' mblEdh g&ﬁ{é{l‘ﬁ&lﬁﬁ&m’ Rt 'eQa%él@ ﬁﬁlﬂ.‘s chh BQ:t Q%@,QH%Q?Q%EI’\@H‘FQ e dilute

aci d treatnent m neral aci as su ur|c ac roc or|c aci d
and or gacmﬁ eiecamnsl,sfpllsxuembﬁgarnmh fradiatiopaendtl'¢ lighi lthving) wasmdﬂmgthsl:faxm abauweat nent

(e.qg., at ment %g or sodlbum hydr oxi de % t .SCrew
ext r usi 0 Dip e b 1t 0 n sgmg embpdigicngs, saupple %mtr,egtg Wdﬁillt 19}}121%
61/ 073, 53@klion 39&ces s&&@s uq)\églmreleé%ﬂs 3199§)rad1§9$ﬁ/%ﬁa eﬁérgaicr@vthg(@

treatment with toni¢ Iiquids) and freeze mlling (See, e. Pat ent
Application Serial No. 61/081, 709). PRODUCTI ON OF FUELS ACI DS ESTERS,
AND/ OR OvewivatipapPipralysis and Oxjdatiotbne or nore of the processing steps
di scyssed aboye hav e

car bir)%ydr at esﬁlcaéiﬁﬁ hol%ntgg (ﬂatpot%ﬁk%m%q 8sféee}agtﬁgk ga%glte%tgﬁos{eﬂn%y £i°6ns can be
pr ocesseghotd$fBohratiE!) pakdllBisagarxsdatioh NThasesaachait pfdceskct ar RE@bedsn as

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, e.g., U.S. Patent Application Serial No. 61/081,709).
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5di scussed above. After the resulting sugar solution has been
transported to a manufacturing facility, the sugars can be converted into a
vari ety ovoponodweiss, such as al cohols, e.g., ethanol, orconsanioosae:ds. The
product obtai ned depends upon the mcroorganismutilized and the conditions
under which the bioprocessing occurs. These steps can be perforned, for
10exanple, utilizing the existing equipnent of the corn-based et hanol

manuf act ng ..pr ];‘f S u: Eﬁgé di scussed
herei n nay—=—s8—5 LEd PR ap SLERS, g §= (i{ geously,
the mi xing SyShefn sk b thl}E6&ilng GeROlis TR foolt BV SeRpeigmidae |11 ui d
and do not significantly raise the overall tenperature of 15the liquid. As
a resul t on thediomessogbe gamprsadebyldriies bordpnod esthe nglldese andibamadcHelbsé n a

vi abl e condition throughout the process. M xing na hance the reaction
hte andtietiss o DeSERPRb g B R iR Stk it HRARRE Pe . &

f er ment agik@Rsdd dok@es vari ous m croorgani snms. The sugar sol ution produced
by saccharification of lignocellulosic materials will generally contain

xyl ose as 20wAfter e resulingsagarn soluigy hpebepadranapsirtedite a meamyfasturing fxsiligse,

e.g., by r a . SO I 1.CHOQr gani s Q.

yeast s) tgilg erl] at%é%]?lgeo%%)eﬁt%dzlg.?o %?e%wgg%%%%gcehn%oﬁl?%g égga%a&ﬂ g‘i zed in

t he manubieiidheidof Thé pedugrobeiieddsdepends. upoAthdalcrésesiisrandlizdieangdweet ener
Xylitol. The xylose may be renoved prior to or after delivery of the sugar
sol ut i oncangitiang updsioThiel theibirproeeesing pgculihetlese steprsitdici RsHoWNEd- fore

performe i Cr i U \ i r an

gt ficer S O AL Bt e R B BT 1 1 the
Mat eri al facgeet i on herein. The opti nmum pH for yeast is from about pH 4

to 5 while the optinumpH for, Zynonongs is om about 5 to 6. Typical
fermentati on fPGRLing prog a%a@f%@%t GB‘F%GM?THIHEE%@&?“QFWS@Q dUA"g he range

of 26 C Bi@pfb@es@ingbﬁ"&%yl%d. Ktﬁfaﬁﬁggﬂdslﬁ tH@rﬁfx‘ﬁ%r @@ﬁhﬁ%s&ﬁ)@&%ﬂnﬁﬂﬂ&er
tenperatures. Car boxylic aci'd groups denerally |ower the pH of the
f er ment atniyent [ph shdaote, the Endidnend: de natlsignificahy reesetthe posraliantpesasmes of

m croorgani.sns, such Pichia.stipitis. Accordingly, it is.in some cases
Goci PonrBRBuRy LRtk Bicadubibds SR bior i Ysing fre Ryl ist Tt o
bring upvibbe cBitiibn tHreugRutiht PfoceSOMBIENRLE enif@dé therbydbaXitdan®r |1 me 5
can be added to the fernentation nediumto elevate the pH of the nediumto
range t hirprpye pefiiency of thensoedser oor gani smuti | i zed.

Generally, fermentation utilizes various microorganisms. The sugar solution

produced by saccharification of lignocellulosic materials will generally contain xylose as

20  well as glucose. It may be desirable to remove the xylose, e.g., by 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, ¢.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, ¢.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 1s 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 agqueous growth nedium which can
contain a nitrogen source or other nutrient source, e.g., urea, along with
vi tam ns woadotwveex4nmi nerals and netals. It is general |l ypprafsesialbsa72 hat t he
grow h medi um be sterile, or 10at |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

acconpl i shed irradiating the growth di umor the individual conponents
of the growt hg%’@ammé& %fro%g%e%ﬂaf_ 9@%@6 abides Pt %Oglﬁlqns general |y
as !OW aRgnPAp %o th@oit"féhh&lt%dd Wit Bd Ak Hﬁé}eor%‘éﬁ%@,ts%cl'i ?&‘Hiats'%ipitisn or pler to
m ni m ze 15 eénergy consunption and resulting cost. For exanple, in many

i nst ancedgccdarfiegly: ows in sopui aasasidesigdtile radddapomeihtrs: bfffer Hefeare onmtdtrimedi um can
be treated with a radiation se.of less than 5 ad,. such as |ess than 4,
5 2 or Erpptgton 6 B5uEtn 1 HSaRceuiST EGRene N, ST s e S TR with a
dose of bgtyagide@ROUE fdnRAfAtSN Medfim 10l SRIREHE tA®Me8iunddol rafge Badi@r tion
of the fernmentation process can _be 20interrupted before the | ow nol ecul ar

wei ght serfanrumndorcbapliepergpniconiideeéd to et hanol . The internedi ate
fermentation S I ncl i trati [

car bohydr at es.%%%ggatg&llh e gn%@?lgf) gg%cgéraﬁé%ﬁgg?%oﬁggfoﬁhc eslé1 g%%’n\%glgh G8ed in
pr epar at ¢dtaifh nite@dn fsolirc BB coOmutAit KBrce, VXS i, i alohg viddi tdreinabhy or
alternatively, the internediate fernmentation groducts can be ground to a

fine parteiraingrajseandinefalss Kiippencsalbt paeferabipbhpbihe gyove madiur §e sicsituee a

floursli . . g : jhe, as
tooor] ot te Rt BREANER micrabial 10, EQTBCEARBROUAE StaNaBBROPRTRRLAS, 2
Publ i shedhedintremapbe actaimphpipdd io ahy desitdd manBe2 8K &S0 Prefednel f ul | di scl osure

of which.is incorporated herein. POST-PROCESS|I NG After
f er ment atmlﬁﬁ?lerttﬁ SedefillizaHgn 13 45 efap dgé Ha?fg%tma e SieTth gredigp oethsnpl e, a

" beer ol CoriFSIRAAI 1R 8RR mRBRnDl Mo &litADOIRe QL bPRTRIRR LY Of

el
wat er and residual solids. T%lg vapor exiting the beer col'um can be, e.g.,
35% by weingtallyets heme$ pessiblc whilpetilbbledining aleqeatt rdsiltatin ondectol mimmizA ni xt ur e
of nearl azeotrorgi),i(% 92. 59 .ethanog‘aand ter fromthe rectification

col uth cHElif"Pe"Pu? %‘glalldoref) a8 £, B 8RN B1 M K Duol™e FR%E ol ecul ar

si eves. ﬂi@@iuﬁﬁ%elﬂ‘&'cbﬂi@omfti he g_ﬁﬁ_ftbﬂle_‘élﬁﬂﬁ cdPbd heatdd Wik aeddigtdn Rfse @
three-effect evaporator. The rectification colum reflux condenser can

provi de ®ldass thar > Mg, surh sy leas thee ¢, 3, Afardr Mrate Inispecifiempaaecs, delgraisthcan be
separat e%teﬁizlh{‘@u%at%&%{ﬂi #‘q%ﬁggﬁﬂ“ﬁééﬁg u'tﬁ‘aﬁd%%{?(at ary dryer. A portion

(259% of centrituge e can be recyCled to fernentation and the

rest sent to Iensastbudiaads,tafliord pevtaposfahefer@tiitetésprobissicanbe t he
evapor at or condensate can be returned to the process as fai rlg cl ean

condéhs até TPt befarrdllq lopopelegHasyrisht wepr i GoRRtRy fRerted Fedbiant to
prevent byl fdsHRiQfe fANERRIdn &Qd&mglldag ﬁighchge'ﬁ%Pé)lﬁTd%%uéﬂ}@nﬁ) RODUCTS

carbohydrates. These intermediate fermentation products can be used in preparation of
food for human or animal consumption. Additionally or alternatively, the intermediate
fermentation products can be ground to a fine particle size in a stainless-steel laboratory
25  mill to produce a flour-like substance.
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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15Usi ng the processes described herein, the treated bi onmass can be
converted to one or nore products, such as energy, fuels, foods and

mat er i al swoSprawi9hi4e exanpl es of products include, but areTrustotviosi2zed t o,
hydr ogen, al cohols (e.g., nonohydric al cohols or dihydric al cohols, such as
et hanol , n-propanol or n-butanol), hydrated or hydrous al cohols, e.g.,
containing greater than 10% 20% 30% or even greater than 40% wat er

20xyl i tokmwmm , organic acids (e.g., acetic acid and/or
lactic asHeR=— _ , Co-products (e.g., proteins, such as

cel lul ol ytic Ryef RIS G WEBSIuIDhg RLAYLS GE4ikHIRNGALE D frex MAPIcT X§ddr €s of
any of these in any conbination or relative concentration, and optionally

i n conbi edtmohtoscpiratorpthandtiand etber, alenhgls, frdmehc mediityi efematerGnidaesiduednpl es

i ncl ude carboxylic acids, such as acetic¢c acid,qr butyric acid, salts of a
car boxyl FaoT He ViR ek SRl SRuPRGu Pr b e bhmeaerBRat g3 PR bR | o
aci dss angdes b esdifRhtiGédIen.! ACmB&kre S h&urH- azedRSJIY (92.8% NtharN dnd witepPY |
esters), ketones .ée. g., acetone), al dehydes e.(g). , acetal dehyde), al pha,
bet a unstewrthe egtiiedtps cobuahcaasbeguiifict ¢o peedoanth) sthenolisingsiaphr-plaset hyl ene.
O her al | nd. al ri LV i ncl o) e | ycol ,
4 but afoe e 52 TR 88k Al B o W B T AR Qe B RSB ee

al cohol sevapbfagsr. Mho dettifisaticicddligian sERtdoyilcraer adhairevideeddp Ydriteisaar y| at e,

| actic acid, propionic acid, butyric acid, succinic _acid, . .
3- hydr ox§i5ichpaaT the disstetiegt. solids can bapspaptcd wange pendrifige and diisd itrde of any of

t he id S i t . i J angd F% cts,

i ncl ﬁgi n%t%gg?; eg'ngel%hiéer{ﬁg??gtqﬁ% Ceg%fgégc%@ﬁlellg?gﬁ@gg%y?%ggol n U, f.?g&Sjeri al

No. 12/ 44nd tA0@cst sdme tdf the Iseabind @hd shirdecvaporator effects. Mesedfithdevaporapar at ed by
reference herein. HER EgBG%I VENTS ) A numhber of enbodi ments have
been destqiIERYC (B PEPHEIELS TheiRroggss ps By clern onderpatenyith ¢ anplpertion

modi f i cald|RBer s ABATaWhi e predERMTIING JFTAMbbIReBHpblin®Nd scope of
the disclosure. 10l n sone inplenentations, the systens discussed herein, or
conponents of these systens, nmay be portable, e.g., in the manner of the
nmobi | e pENddS AT IS ODREATS U. S. Serial No. 12/374,549 and

| nt er,nati onal lL.ication . Q08/ 01159 t-he full .disclosyres of which
are. Pheor por P SHERSPRy Pagrtiea REdh e wiated 8ty an LE P AR LT Bo e
descri begk hefegiréductd)eudhl RwWn &y f fubls dfobdld 1idi Hlatangls 08 pddbfig@smpléyrgrugh the

di spersing system can be continuous or pul sed, or a conbination of
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 these in any combination or relative concentration, and optionally
in combination with any additives, ¢.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., acetaldehyde),
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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peri ods of continuous flowwith intervals of pulsed flow Wen the flowis
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scope of the disclosure.

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
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
which mixing takes place is an in-ground structure such as a lagoon, it may be lined. The
container may be covered, ¢.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-
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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155. The nethod of claim4 wherein distillation is perforned at a vacuum of
| ess than 70 Torr. 6. The nethod of any one of clainms 3-5 wherein

di still atworroiigopsanf or med at anbi ent tenperature. 20 PCT/UR2010h&72net hod of
any one of the above clains wherein the product conprises an al cohol.

8. The net hod of any one of the above clains wherein the feedstock has a
25bul k density of |ess than about 0.5 g/cnB. 9. The nethod of any one
of the ahove céﬁins wherein the liquid mediumconprises water. 3010. The
met hod ofVEAY IRREABYEPHE: apove claims wherein the sacchari fyi ng agent
conprises an ENEYI®hod comprisi 11. The nethod of any one of the above clains
further conprising mxing'wthh a jet m xer during saccharification. 512.
The net hod of samyardfyingd bivlesaferdstorkan rdighid tiediune onpressehg formiat ori ng a
glucose |l evel of a mxture of the feedstock, the |iquid nediumand the
sacchar i f453h §OHGORN NS A PrESRIEAEPT of alg4%15%, and conversing FRe Wi hod of any

one t i - r {,Si: I itional feedstock
and giccﬂg?l y%ﬁ%ﬁgggﬁﬁlﬁgﬁéﬁgﬁ%gsse'hﬂh@?ﬁggggggﬁégﬁgﬂggiion and

di sper si microheganémast ock i n the nedi um using the di spersing system

14. The nmet hod of any one of the above clains wherein the vessel conprises
a tank. 15. The nethod of any one of the above clains

wherein the fgeqsl pfekn GPOMIAIRES whefh!BhO&ithgQonl JriRe &kl dilkosd,e materi al

10 3. The method of claim 1 or 2 wherein converting further comprises

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.
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16. The method of claim 15 wherein the feedstock conprises paper.

17. The nmethod of any one of the above clains further conprising addi ng an
emul si fi ewoaniigod4act ant to the mxture in the vessel. PCT/US201008727The

met hod of claim3 or 4 further conprising mxing during distillation.

19. The method of claim 18 wherein mxing during distillation is perforned

using a jet m xer. 20. A system conprising: 30a tank, a
delivery systemconfigured to deliver a bionass feedstock, a
saccharification agent, and a liquid nmediumto the tank, a m xer
configured toqim i i chagrifying agent,
and Sa vacuun i S T e YR Ry e

conf i gur eikthtagetin$tdridurmgmaochacifichtiom t he 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

syst of cl aj r r i S : Lt.gr configured to
roni Cor the. okgon (e G R o LR BT 0 e
syst em omoaitgrioge ghiicosk davebo20m22unhef the fieddseoakj therliquadmpredaes aad jtied

15m xer. .. 24. The system of any one of clains 20-23 wherein the

del i VeryS%E%ré@Hfiggag?BﬁﬂPéﬂgé%F Brlgé%{[i%r t he bi omass feedstock and |iquid

mediumto the tank in the formof a dispersion.

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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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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