SACCHARIFYING BIOMASS RELATED APPLICATIONS This application claims priority to U.S.
Provisional Application Serial No. 61/151,695, filed February 11, 2009. The complete disclosure of this
provisional %Blg%%;g%é&hereby incorporated by reference herein. TECHNGAL IR ¢T his invention
relates to processing biomass and products made therefrom. BACKGROUND Various
carbohydrates, such as cellulosic and lignocellulosic materials, e.g., in fibrous form, are produced,
processed, and used in lafgeéc THARFEYEN(GrB {dN Q%8 such materials are used
once, and then discarded & B, orare Sipty Consiaered o be wasie materials, e.g., sewage,
bagasse, sawdust, and stover.  VREQUSTEIIAGIHE B4 THDdEelulosie materials, their uses, and
applications have been described in U.S. Patent Nos. 7,307,108, 7,074,918, 6,448,307, 6,258,876,
6,207,729, 5,973,03biaanrb@gemdsimnerifVE 8IS D AMVEApPHARBI AR GERIA NerBROUS
MATERIALSANR COMRRSHESaRG T/Y6RN0MR 10648 filerkondvaren 38 2006, AND "FIBROUS
MATERIALS AND COMPOSITES," U.S. Patent Application Publication No. 2007/0045456. Large
scale manufdERIFiFGTAEFRE SAEP O ey ST R AUBA G A HSRE S BRI Buch facilities are not adapted

to produce ethanol from other feedstock materials.
TECHNICAL FIELD

This invention relates to processing biomass and products made therefrom.,

BACKGROUND

Various carbohydrates, such as cellulosic and lignoceliulosic materials, e.g., in
fibrous form, are produced, processed, and used in large quantities in a number of
applications. Often such materials are used once, and then discarded as waste, or are
simply considered to be waste materials, e.g., sewage, bagasse, sawdust, and stover.

Various cellulosic and lignocellulosic materials, their uses, and applications
have been described in U.S. Patent Nos. 7,307,108, 7,074,918, 6,448,307, 6,258,876,
6,207,729, 5,973,035 and 5,952,105; and in various patent applications, including
“FIBROUS MATERIALS AND COMPOSITES,” PCT/US2006/010648, filed on
March 23, 2006, AND “FIBROUS MATERIALS AND COMPOSITES,” U.S. Patent
Application Publication No. 2007/0045456.

Large scale manufacturing plants exist for the production of ethanol from
corn. Such facilities are not adapted to produce ethanol from other feedstock
materials.

U.S. Patent Application No. 2006/0127999, “Process for producing ethanol
from corn dry milling,” and U.S. Patent Application No. 2003/0077771, “Process for
producing ethanol,” are each incorporated by reference herein in their entireties. In
addition, U.S. Patent No. 7,351,559 “Process for producing ethanol,” U.S. Patent No.
7,074,603, “Process for producing ethanol from corn dry milling” and U.S. Patent No.
6,509,18'0, “Process for producing ethanol” are each incorporated by reference herein

in their entireties.



U.S. Patent Application No. 2006/0127999, "Process for producing ethanol from corn dry milling," and
U.S. Patent Application No. 2003/0077771, "Process for producing ethanol,” are each incorporated by
reference herein in their entireties. In addition, U.S. Patent No. 7,351,559 "Process for producing
ethanol,"” U.S. Patent No. 7,074,603, "Process forzproducing ethanol from corn dry milling" and U.S.
Patent No. 6,509,180, "Process for producing ethanol" are each incorporated by reference herein in
their entireties. 2 SUMMARY Generally, this disclosure relates to processes for converting a
cellulosic or lig,nocellulosic feedstock to a converid¥¥aAR¥oncentrated form which can be easily
transported and utilized, e.g., in an existing manufacturing facility, for example a plant adapted to
manufacture ethdpeichedin Siadibdssucgelgeainporesen fdromeutresesdbitainimg materials, or from

lactose- i 1 fact int iat duct, e.g., :
lactose-conjalning malsdals el asuherlo manMlaciule andnieegliale of 8 product, e.g., energy

ood or a material, and transporting the converte material to the
manufactutirgrieitigynSuchzednventrate sdsing seatedfeanuieg, fadilth arexesylein Pabstantial

manufact.yingand ansaeralonaestRavasde.coneanitaleaan g beaseddpdigpiocessing
e pr ose

facilities such as those that manufacture enzymes. ocesses disc herein include

saccharifi B¥fi5i6f th& pBelistotkcamaanEprtRifop et grevesd dertBriacaniptererdition, e.g.,
where the feedsioricisprochised, ersiosed, 10 enRRYiRAHRGRCHHY .13 SQRECARE She

saccharification can take,FEIace partially or entjrel duringh;ransport. In some implementations, the

process furEFTTEITEEE RS (RIEHA P A PRI R R A o f THEFERRISISER Ch e FE SO SRUTAG s dteHarification.

The processnrayiinalidg:the furthersieps ohideasuring:ha ligsinsanientof thederdsaiqek and
determining whether, ﬁ{ treatment is ne%ded and under \ﬁggt conglitions based on the measured lignin
e Rprovi

content. 2 Kiawy St the MBIREHS S EHBEs Fifafh fRiBEE&TGfSr lignocellulosic
materials that haVég forexamplsslaskaiverdecatbitianes ey cailoved rimdedutak veeight, a different level

of functionaliggtion andipncrystalipiilative lo.&nalie materigl. Many of he methods provide
materials that can be more readily utilized by a variety or micfborganisms, SUicH 4570he 6F more
homoacetoysiescdr thébsroaneiatensy(fithityr Without ermepnsatihinytiralysisassistaiee) to produce
useful prodygtsysuch.as eneray. fyels, faods and, rals., Ific.exam I%s tgf roducts include, but
are not Iimiii)ted to?h drﬁog?r:, alco%wols Fe.g'., monohlygﬁgic ka%coﬁ%(ﬁsg%&h i%&%i?l%a coelgfxslf}qéﬁ%ﬁ as ethanol,

n-propanol $FAtkiTmHEY2IsiReS HidkidzskorhantorrsiEieg, sedicihetcamdlisrovstesacid),

hydrocarbe)s; BerrIOeHiCks-{R:OstEOleins,SHED a3 cellulalylichrotains(enzumes) or single cell
proteins), and mixtures of any of these. Other examples include carboxylic acids, such as acetic acid

or butyric SRR R ATEIRTRRRER 150t AR B LR S cordgvrerEaierdhearboxylic acids and
esters of carleudicineiscéaign: methyl, ethyl and n-propyl esters), ketones, 3 '

Many of the methods described herein can provide celinlosic and/or lignocellulosic
materials that have, for exampie, & lower recalcitrance level, a lower molecular weight, &
different level of functionalization and/or crystallinity relaiive to a native material. Many of
the methods provide materials that can be more readily utilized by a variety of
m‘icro.organisms, such as one or more homoacetogens or heteroacetogens (with or without
enzymatic hydrolysis assistance) to produce useful products, such as energy, fuels, foods and
materials. Specific examples of products include, but are not limited to, hydrogen, alcohols
(e.g., monohydric alcohols or dihydric alcohols, such as ethanol, n-propano! or n-butanol),
sugars, biodiesel, organic acids (e.g., acetic acid and/or lactic acid), hydrocarbons, co-

| products {(e.g., proteins, such as celluloiytic proteins (enzymes) or single cell proteins), and
mixtures of any of these. Other examples include 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 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 methyl amylate,
methylmethacrylate, lactic acid, propionic acid, bdtyric acid, succinic acid, 3-hydroxypropionic acid, a
salt of any of the acids and a mixture of any of the acids and respective salts. Other intermediates
and products, including food and phaur aceutical products, are described in U.S. Provisional

ApplicatioAlEENarNePr bragmssraedrtidictiestteorivmen /oA lebysimeshssreisleny reference
herein in itstRERBRoLs anlIFOYHL therprediiGizRbtanekyY, theyrthads disclased:Resgin, such as

ethanol or nbutanol, can be utilized directly as a fuel or as a blend with other components, such as

gasoline, fbr BOWERTPCAPE MU HANETE O AP L BT iR abys: 427 RRShRS E6MBRistion fuel or as
a fuel cell feargtackifyhesbrodeats{age, RigRNICAGHHiSHchAs, dueHecacid ane¢pndagtic acid) can be
converted t%oéper moieties ((?].Cg., eﬁerg or a%] drid§328t&/at can be gonve t@\d an utigzed as a fuel.
Many of tHe Produat BB SN caR* IS0 Be Ot td® pBiva PREFaR” i85 IaHES g, having jet
engines, oehelicoptals. In addition, the products described herein can be utilized for electrical power
generation, e.g., i@&e%&\égmnti n elszte@m ger gratiﬂgdpda to a{Q Ll.ée| cell %I%rlwt.,f In_ one embodiment,

. 18 TO il .
the disclosure feafures a metho Inc u&llng proindplng a celiigse-2on a?rc];f:ﬁlg ce u?c%isﬁ%smaﬁgnocellulosm

feedstock dasixihgdtrelide 8suskonthanvivent Sstieh e (idide, 401d tn Bugletitcbuote a8 whignzyme or

acid, Sele%%lt@oﬁ!%t?{%%‘%i # Méﬁ,@%g@@ép&%@the resulting mixture. Suitable acids include

mineral acids, e.q., sulfu r hydrochloric acid. ome implementations include one or more of

the following feat®s.of Hi RTetivst @éﬁﬂﬁ@ﬁéﬁtﬁm@éﬂ@iﬁﬁ%@ﬁ hesgippariatsabenerfication to occur

prior to trapsRektingn 8QxiRlavdng.ayhstantally complsiewarchatfication Le-0Geus prior to transporting.
in some cases, the enzyme is subsequently denatured or removed from the solution. The enzyme may

* be denatufEBPe T ELERTHE, FEHG thELNESTRS 80T6H0e ForaBb IR ST SHRRIEY T ransporting
can includgbiansparing defsaixidte t@miagtiheanfiguresiaicapveltstarga(e:d s Garmargrain),

sucrose or, lactose, utilizing a micrpoorganism, to. ethanol, e.g., a corn, grain, sucrose or lactose ethanol
plant 4 Trglﬁgﬁgfﬁ@gc?’ﬂ%f}%ﬁ%@ﬁ%&%@&%@%@ﬁ%ﬁﬁ% ?5ﬁﬁrg& PRebE#PSruck, pipeline, or
tanker vesselvdinel métiatickedhasfuftirbr Mehyde dllowingsecshatifcationstoreaslifzaesufitigin a sugar

solution or_suspension, and remaving xylase from the sugar solution or.suspension. The total sugar
content of 1he So1okon oF SHSHeETon Lah Bo AEILRsL 0 gD S0 0 A0 P BIR K weight The
saccharifielt soltibhetisaspensibizehivbe aseditpprodereratipmduct isackassihandskeam  The
method c%%%ﬁkcym Jeduecing the Eﬁggg‘citrance of the feedstock prior to mixing the feedstock with
the solvent and enzyme, e.g., by treating the feedstock with a physical treatment. The physical

treatment can belfepesmbagimessidetédoirsnmctfretgiesipmetimi stirydatgmechdinkarttbénraent, radiation,
sonication -pyrelysis.coxidadienr %%%Be%ﬂﬂ@ﬁi%d%%éﬁi%?gHEFg@H@?Qéa@%&@&QWF@PE‘?&E@@ﬁ&hereOf-

Chemical treatment may include the use of a single chemical or two or more chemicals. Mechanical
treatments HtIFaV T RN TI 8BTS PriIRR BT SR E PR iR o esHOAER ARG chepping Milling may
iinclude, forgxanmelenhathayiing dpamemesmilipehieh o eniypas ofi Bl Gude mineral acids, -

e.g., sulfuric acid or hydrochioric acid. ' '

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

method can further include allowing at least partial saccharification to accur prior to

transporting, e.g., allowing substantially complete saccharification to oceur prior to

transporting. In some cases, the eﬁzyme is subsequently denatured or removed from

the solution. The enzyme may be denatured by, for exaniple, heating the solution to 80°

t0 90°C for about 5-10 minutes. Transporting can include transporting the mixture toa

facility configured to convert starch (e.g. corn or grain), sucrose or lactose, utilizing a

microorganism, to ethanol, e.g., a corn, grain, sucrose or lactose ethanol plant.



The physical treatment can comprise any one or more of the treatments disclosed herein, applied
alone or in any desired combination, and applied once or multiple times. In some cases, the physical
treatment can comprise irradiating with ionizing radiation, alone or accompanied by mechanical
treatment before and/or after irradiation. Irradiation can be performed, for example, with an electron
beam. In some cases, the method includes mechanically treating the feedstock to reduce the bulk

density of the feedstock and/or increase the surface area of the feedstock, e.g., by performing a
shearing prEUeSY T EEF BHBKCReSIh BIeThiIbad Bras allifer RetharirEItT&5thtent the material has

a bulk dengipephdess Hnrn: Qb a/CrRd iBethod.- &3 6M3; BRGNSt @am35i85,0i6m3 or less,
e.g., 0.025 g/cm3. Bulk density is determined using ASTM D1895B. Briefly, the method involves filling

a measurifGIiFFIEFBEkR SR RO RIHE R AT SRR BT BB BN & WeRGR T S3HENle. The bulk

density is ggleulnied Ry sliviging the weightiodtbensammpletie esamshytbaskaawenvelnme:of the cylinder .
in cubic centimeters, In another embodiment, the disclosure f%?tures a composition, such as a

sugar cond&irafe 38oHipishiy é%dﬁt%’é&h‘ﬁ?%%fw&#@ﬁ%é@ﬁ FOSSHORGEREE HEtiRen 15 percent
and 65 peregriOfshetveend2odercent.aneue parteniblabout 2.5-35 weight percent xylose, such as
between about 3,0 percent and about 30 percent or between about 5 percent and abgut 28 percent,
i, such DL T UARIT N AP EOE A0 R T S FSHORAE O Roourt 10,90
weight peragringticitasihetiveathahoub bz pece st Hyrweightiand S5 pg rherftdiswekghirbetween
about 20 percent hy weight apd about 75 percent by weight  In spme implementations, the
compositi ﬁ?ﬁ%&ﬁ?&ﬁ%&s@ﬁ % Selﬁafé%‘ragén st aé\lll\s% %r}e&é %}Faﬁg%f%r‘?g}escu%i?é%%&ls\econcentration of
between apoutpbeaumdsTh ofiveduokvasioetwee valaisnm/ onivbtianhpR0ymioai dastweeni0 mM and
250 mM. The compasition may also. include a surfactant, such.as a non-ionic surfactant, such as
polyethyler? épglﬁ)sllgg? 81?“3% cg'gfre%g?eaﬂb gf%%ﬁy %élr?g% F&%%ef%?g g %%T)%?(?/g e)#glﬁ gs%?"b’ i%%ﬂlr%eonooleate),
an ionic suiifactamnt ssichlasharatbaicwr annamovicrseaiacishethan sehpbiphitidssocladtalt; or a
biosurfact ch.as sokheralinid, £h plipid and.hacitacin, The surfagiant ray heprovided, for
-example, Z%?%%@fcentra%onhg}g %eBtwéenE;%%pt O.gi perlc?e?%t by we}jg?r%t?%nd ago%t 5£%erocent’ by weight,
e.g., betwefensabonteobel meksuntbyiveight tivd s Arp9seicantiby- weight, or between about 0.25

percent by weightanghaboit:2 Q-naicent Rynyeight T bs:cRmpesitianmay:alsadsuds.ane or more of

the following: a lipid, a mono-, di-, or triglyceride, or an unsaturated fatty acid; a sterol such as

ergosterol, BSGER 48PHES ORI S0 BTH e B 2. FO0ORIBIFA ISP g VR BBfeln 25 and 500
ppm, or betwaen.o4 andptSHRPHiangiotancanibiolic-siehmstetr agyeline: Sushasrha goncentration
between 15 and 1000 ppm by weight, e.g., hetween 25 and 500 ppm, or between 50 and 150 ppm.

I yet anotHE BB O D S TEE T HoRtiRe 4.1 G B Pl FRAOE B9 S Ehariying a
dispersion thabinekidesdetwéewihantlper¢ent by weight and about 90 percent by weight of a
cellulosic or lignogellulosic material . awaste paper stream In a further embodiment, the
disclosure featuréfg Séorn%%ﬁ%%sttrtlefé? fﬁ%@%nﬁ%\éﬁi%g% %%}Fﬁogét%%%?gi%?ﬁgftege fﬁ?(r)é}cfigoor lignocellulosic
feedstock, miking tebidedstutty wittha fheitktodchray er sutverreshersafavaterandtin enzyme selected

fo saccharitydie SelLloss, snddianspaina e iesulloq miuie, sy aplaul or tuck o 2

corn-based or sugar hano uce an intermediate or product which can be, for
example, aeplorimesoréafMrsrndattscistoehhdrematarédne cdsds, dansimodiiecscambe
0.25 g/cm?, e.g, 0.20 g/cm?3, 0.15 g/cm3, 0.10 g/cm3, 0.05 g/cm? or less, eg., 0.025

g/cm3. Bulk density is determined using ASTM D1895B. Briefly, the method involves

filling a measuring cylinder of known volume with a sample and obtaining a weight of
the sample. The bulk density is calculated by dividing the weight of the sample in grams
~ by the known volume of the cylinder in cubic centimeters,
In another embodiment, the disclosure features a composition, such as a sugar
concentrate, comprising about about 10-70 w_éight percent glucose, such as between 15

percent and 65 percent or between 20 percent and 60 percent, about 2.5-35 weight



6 energy or a fuel, for example biodiesel or an alcohol such as ethanol or methanol. The inteimediate
or product can also be, e.g., a carboxylic acid, an ester of a carboxylic acid, a salt of a carboxylic acid,
or a mixture thereof In some implementations, one or more components of the processing
equipment, for example the mechanical treatmerit equipment, chemical (e.g., acid or base) treatment
equipment, irradiating equipment, sonicating, pyrolyzing, oxidizing, steam exploding, saccharifying
and/or fermenting equipment, or any of the other equipment described herein, may be portable, e.g., in

the mannEFBRIHE BB BRAERENE BANPH Erft BRISE H RGPS BhesrtoRb sy Berial
12/374,549, Rhd Fublishedd aternatppalArplication o s W 2008058985 ther duth disglgsures of

which are incorporated herein by reference. Chanéggi:é;ga molecular structure of a material, as used

herein, mEesRA ERkERGERFCERBISHEM B aRY R RS WRERbRORTHSH BAheEEeture. For
example, g .ahangadedhe,malpsylalstuistiecan icisge shengiasrtBssspmmetesulay structure of

the material, oxidation of the material, changing an average molecular weight, changing an average
crystalIinit‘j}’,e%ﬁﬁﬁ"]@bé‘étu?ﬁaﬁﬁrﬁ?ﬁh?ﬁl’i‘%%%ﬁg a degree of polymerization, changing a porosity,

changing a degrgesgflranshin@neralinghe oihes snaserfalshehanging sacrystadinesdemnain size, or
changing an overall domain size. A change in molecul,arcsﬁtjg cture m% be ﬁegféi using any one or
more of thPhSIEARFSRPRETRE FHER AP BTSSR ERMP oY ARG ComBIHatiR” 48pEt once or

repeatediyyd@ies beti @RE1BSPERLS therarhd poovigidda iraathed comprising? poavidinghan irradiated

fom  SOEATI CIFEHA, G W FoEHEOAR & S R SReEM T ot herifcation i

4 0 8atéharification limiting

the amouniodfdttidsad g6 dherfeetstotk maashd et ziy@¢tal. sugapoantehtie thebéuspension or
solution of atleast. 20% by weightin the reagtor after saccharfication. . All publigations, patent
appllcatloﬁg, Ib%ﬁ ﬁfg, Shd Blfer Tefsraheds tantioned herein of attached Reretd are incorporated by
reference unihigisiaitivenfdcmat, that theydentaits, such as sophorolipid, rhamnolipid and

bacitracin. The surfactant may be provided, for example, at a concentration of between

about 0.1 percent by weight and about 5 percent by weight, e.g, between about 0.15

percent by weight and about 4.0 percent by weight, or between about 0.25 percent by

weight and about 3.0 peréent by weight. The composition may also include one or more

of the following: a lipid, a mono-, di-, or trigtyceride, or an unsaturated fatty acid; a

sterol such as ergosterol, such as at a concentration between 15 and 1000 ppm by

weight, e.g, between 25 and 500 ppm, or between 50 and 150 ppm; and/or an

antibiotic such as tetracycline, such as at 2 concentration between 15 and 1000 ppm by

weight, e.g, between 25 and 500 ppm, or.between 50 and 150 ppm.

In yet another embodiment, the disclosure features a sugar concentrate made by

saccharifying a dispersion that inciudes between about 10 percent by weigﬁt and about

90 percent by weight of a cellulosic or lignocellulesic material, e.g. a waste paper

stream.

In a further embodiment, the disclosure features a methdd that includes providing a

cellulose-containing cellulosic or lignoceliulosic feedstock, mixing the feedstock with a

fluid, such as a solvent such as water and an enzyme selected to saccharify the celiulose,

and transporting the resulting mixture, such as by rail or truck, to a corn-based or

sugar-based ethanol piant to produce an intermediate or product which can be, for

example, any one or more of the products listed herein. In some cases, the product can be



WO 2010/093832PCT/US2010/023962 7 DESCRIPTION OF THE DRAWINGS FIG. | is a diagram
illustrating the enzymatic hydrolysis of cellulose to glucose. FIG. 2 is a flow diagram illustrating
conversion of a feedstock to ethanol via production and transport of a glucose solution. FIG. 3 is a
schematic diagram of an ethanol manufacturing facility that has been retrofitted to utilize the solutions
and suspensions disclosed herein. DETAILED DESCRIPTION Cellulosic and lignocellulosic
materials, such as biomass (e.g., plant biomass, animal biomass, paper, and municipal waste
biomass),awarehepr beds Sadteraplowerdiesed bokredaititlanck Bcteoessanythmbbofverted into useful

products speh.as:ihase ixiedby.may.af example.Acrain. Jystems.and pracasses e described herein

that use readily abundant but often difficult o process cellulosic or lignocellulosic matetials, e.g.,
municipal t#Hsteastrdimgianeidvaseenpapes dwemhns, such as streams that include newspaper, kraft

paper, corrugated, RBRRY iR ebkiiesiohiheses Gapstaln fdegtired b aterials canhe physically

treated or processed using one or more of any of the methods described herein, such as mechanical

treatment [ ShEFARRRA S rESBHI PG BHREHi CAHENT R SHiRIRI By (815 s RN S8 explosion.

treatment equipment, irradiating equipment, sonicating, pyrolyzing, oxidizing, steam
exploding, saccharifying and/or fermenting equipment, or any of the other equipment
described herein, may be portable, e.g., in the manner of the mobile processing
equipment described in U.S, Patent Application Serial 12/374,549, and Published
International Application No. W0 2008/011598, the full disclosures of which are
incorporated herein by reference.

Changing a molecular structure of a material, as used herein, means to change the
chemical bonding arrangement or conformation of the structure. For example, the change in
the molecular structure can include changing the supramolecular structure of the material,
oxidation of the material, changing an average molecular weight, changing an average
crystallinity, changing a surface area, changing a degree of polymerization, changing 2
porosity, changing a degree of branching, grafting on other materials, changing a crystalline
domain size, or changing an overall domain size. A change m molecular structure may be
effected using any one or more of the physical treatments described herein, alone or in any

combination, applied once or repeatedly.



In some cases, a manufacturing plant utilizing the processes described herein will obtain a variety of
different feedstocks in the course of its operation. Some feedstocks may be relatively homogeneous in
composition, for example a shipment of corn cobs, while other feedstocks may be of variable
composition, for example municipal waste. 8edstocks can include, for example, paper, paper
products, wood, wood-related materials, particle board, grasses, rice hulls, bagasse, cotton, jute, -
hemp, flax, bamboo, sisal, abaca, straw, corn cobs, coconut hair, algae, seaweed, altered celluloses,
e.g., cellulose acefhids pERfEhérsiel BEseE mrlethecrs sEenma dffydtithese. In some
cases the hipmeshissia feidrobiakhmateriad. Micnobial Bputes inaludachai@reRakfimiiad to, any |

naturally o r r genetically modified microorganism or organism that contains or is capable of
Broviding & et ST B Sl IE T BafL ey T ae o DTG dE 2Pt RASEb10/023062 6
example, pi&tsesifeagiontimanpetisnctalip! Pritedded sutls fsduopdiktesarhBabolds! siliates, and:
sporozoa) ahdplantratistadents: }AARSUCH AlyeolMes, %l%ﬁ@@m%wt%er%@ﬁmm@ i
euglenids, glaucophytes, haptophytes, red algae, stramenopiles, and viridaeplantae). Other examples
“include seaweed Adlamktiaretery, patanreptéinktons. pesaplanidothemiciopiankiomtivanc plaskton,
picoplanktap, lanl % vioplankton, bacteria (e.g., gra sitive bacteria, gram
negative bggtae@ggg] %ﬁ%%ﬁ??ﬁ%%l g&?ﬁ?ﬁ%ﬁ%ﬁmﬁﬁ?& otfgtsh s(ér.mlrllo %3%%“%8?3%&%5, microbial
biomass can be obtained from natural sources, e.g., the ocean, lakes, bodies of water, e.g., salt water
or fresh water, or on land. Alternatively or in addition, microbial biomass can be obtained from culture
systems, e.g., large scale dry and wet culture systems. In order to convert the feedstock to a form
that can be readily processed in an existing manufacturing plant, for example, a single cell protein
plant, an enzyme (e.g., cellulolytic enzyme) manufacturing plant, or a fuel plant, e.g., a corn or grain
ethanol manufacturing facility, the cellulose in the feedstock is hydrolyzed to low molecular
carbohydrates, such as sugars, by a saccharifying agent, e.g., an enzyme, a process referred to as
saccharification. In some implementations, the saccharifying agent comprises an acid, e.g., a mineral
acid. When an acid is used, co-products may be generated that are toxic to microorganisms, in which
case the process can further include removing such co-products. Removal may be performed using an
activated carbon, e.g., activated charcoal, or other suitable techniques. The materials that include
the cellulose are treated with the enzyme, e.g., by combining the material and the enzyme in a solvent,
e.g., in an agueous solution.



Enzymes and biomass-destroying organisms that break down biomass, such as the cellulose and/or
the lignin portions of the biomass, contain or manufacture various cellulolytic enzymes (ceIIuIases)
ligninases or various small molecule biomass-destroying metabolites. These en%xmes may b

complex of é%%ymes WAt act synergistically to degrade crystalline ceIIqugg VIR q&"ﬁ’%%ortlons of
biomass. Examples of cellulolytic enzymes include: endoglucanases, cellobiohydrolases, and
cellobiases (13-glucosidases). Referring to FIG. 1, a cellulosic substrate is initially hydrolyzed by
endoglucanases at random locations producmg ollgomerlc intermediates. These inteimediates are
then substrates for exo-splitting glucanases, _ 2(lobig L2 e to produce cellobiose from the
ends of the cellulose polymer. Cernoie S8 ¢ te—4=trked dimer of glucose. Finally
cellobiase cleaves cellobiose to yield glucose WO 20101093832PCTTU82010/023962 9 A
cellulase F@apibtdGetay uiRaBbhasesmdtn by Belsrnmgal Blosatiteinrstigin. Suitable enzymes
include cellulases from the genera Bacillus, Pseudomonas, Humicola, Fusarium, Thielavia,
AcremonithH; @ﬁr?i@béﬁ%%ﬂ@%ﬁé@éﬁﬁ@ﬁ@fﬁcﬁ@@é@%@@éhélﬁ@lL‘Iiﬁi@@l@l@@@ﬁﬂqu s, Thielavia,
FusariumgMygsliaphtherasAgrmaeniwn, Cephalosporium, Scytalidium, Penicilliutn or Aspergillus (see,
e.g., EP 458162), especially those produced by a strain selected from the species Humicola insolens
(reclassifias AT NS0TS0 5k B PASTN 0l 435,807 SRS cinereus
Fusarium oxysporum, Myceliophthora thennophila, Meripilus gigariteus Thielavia terrestris
Acremonidfifiza ¢ ACFSRTStth SUSRRHING A Aeiehhersiim acremonium, Acremonium brackpenium,
Acremoniwn dichromosporu tn, Acremonlum obclavatum Acremomum pinkertoniae, Acremonium
roseogrisettm, Acremonium incolorafidBy AhdFArIeMISIRIRI{PXutm preferably from the species
Humicola insolens DSM 1800, Fusarium oxysporum DSM 2672 Myceliophthora thennophila CBS
117.65, Cephalaspmissio sap.[iRYAERAUAsiAarerrinilimcpsGhkhdi§<04, Aeretionis &inaBS 265.95,
Acremon%L TrPersuillneutn %%%919895 Aggmom mcglg eml%ryéjmdbﬁllgzggégle(\;qp alosporiwn sp. CBS
535.71, ACRRMONIIM Brac ypenium %ﬁ ]é)én‘?% ATemonium romosporum CBS 68323,
AcremonignilotivinsatiimeGB8raldnd 4omomtsd orivimgiinkertbrriaeCBS 1670 ildre maninfm
roseoutisgUn (B! 0 AHHPBIRCIVAIRLERALP o ROIAGTIRRIE Batlum CBS
299.70H. Cellulolytic enzymes may also be obtained from Chrysosporium, preferably a strain of
Chrysospifiting kﬂ@#dweméswaﬁl@ﬁsw ligAerRl Heop R eriR 6l S8 THEHAPE MTEifER8Mrichodertna
reesei, angddwehegepaakennailcalisalephiliciBaciiusitsesy Jorpexamp@abliSFatentdNo. 3,844,890
and EP 458162), and Stre eptomyces (see, e.g., EP 458162) may he used. The saccharification
process d%ﬁli’?fé)b@r‘ﬁ&fﬁs 6%‘?1%@8‘!&?*65&6 REATI %%‘(ﬂséd%b&myﬁﬁ@m’g”ﬁa&ﬁ%e of at least
4000, 40 ﬁ%e@ééﬁﬂx%hbiﬂrﬁﬂ@@fﬂﬂﬁ@ﬁlﬂﬁ@qﬁmﬁm dadftisceitem pariially e daripletely performed
in transit, & 9n‘rh ar él (igg gﬁg&{ucgidgr in %gggtel&a%g{ %B]%he r; |dsf3f aqup The time required for
complete saccharification wil focess conditions %8% e feedstock and enzyme used.
If saccharifiphtiam.is performed in a manufacturing plant under controlled conditions, the cellulose may

be substantially grfielsenveriesinglisesn i thevid2mhoucs. hagsaaileaion s performed

partially or completely in transit, saccharification may take longer
obtain a variety of different feedstocks in the course of its operation. Some feedstocks may

be relatively homogencous in composition, for example a shipment of corn cobs, while other
feedstocks may be of variable composition, for example municipal waste,

Feedstocks can include, for example, paper, paper products, wood, wood-related
materials, particle board, grasses, rice hulls, bagasse, cotton, jute, hemp, flax, bamboo, sisal,
abaca, straw, corn cobs, coconut hair, algae, seaweed, altered celluloses, e.g., cellulose
acetate, regenerated cellulose, and the like, or mixtures of any of these.

In some cases the biomass is a microbial material. Microbial sources include, but 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., celiulose), for



WO 2010/093832PCT/US2010/023962 10 It is generally preferred that the tank contents be mixed
during saccharification, e.g., using jet mixing as described in U.S. Provisional Application No.
61/218,832, the full disclosure of which is incorporated by reference herein. The addition of

surfactants a4 EhHEHEE the rate of saccharificat%on. Examples of surfactantd eIGA& A %h-ionic

surfactants, such as a TweenO 20 or TweenO 80 polyethylene glycol surfactants, ionic surfactants, or
amphoteric surfactants. It is generally preferred that the concentration of the resulting glucose

solution hg ielstivetRigh: &.gmateairfithan 40% R, 85eatardnan.e0.t60 AkdBHid90 plagen greater
than 95% by weight. This reduces the volume to b ship[fed, and also inhibits microbial growth in the
solution. f 89@%‘1%@#@&?&86%%%%%{%%&9&, RN RCHREIRE PR B desirable to add an

antimicrobigp@echtivgs, euglesidyoas spestm antipiotis, iedalowe conpemisaiien agdg., 50 to 150 ppm.
Other suitable antibiotics include amphotericin B, ampicillin, chloramphenicol, ciprofioxacin,
gentamicivrlll,r1 %/@%%%/%ih%?f&%%% r@#f%@ér%@%ﬁ%% |§ﬁﬂ%ﬁrbger§m?§cr{og %ﬁgt%nmycin. Antibiotics will
inhibit grondivpfnkicm ongarpsmktaunagornspostrage stdrageaahoavbenlitad. at appropriate

concentr o ik BEEN 15,208 0R AOTENEIGhin & hewtaen 25 and SO0 pom, or betweer

50and 1 If desired, an anfiBiotic can be included even if the sugar concentration is relatively
high.  #vsragvbilphighacbrreptrairsohitbroal BesbiaiHaacyHsRIng ettt 5 water
added to thefeedstackwith the.erzwne (Ihe cantaniyalinhs 3n Pagoatoled wa@r RYreantrolling how

much saccharification takes place. For e_xamé)le, concentration can be increased hy adding more
feedstock Mt the'sOufbeh. 1HIETRRMINIREH HE LR AP AP BMAES SRR IRSHSINIR, a surfactant can
be addedegtgre ppecafsthasel digcussedrahoyevcboliiityysamalso be increased by increasing the

temperature of the s Iu}ion. For egl(apgde, the so tior{ canb mair&tflined ata tem%eratlflre of 40-50C,
order to convert the tecdsibck fo a ha?ca ¢ readi Processem all EXISTNg,
60-80C, or evenlﬁlg er. n’some embodiments, eedstoc |s¥) ocessed to convertit to a

conveniemfanﬁw@ripgmircaﬂeﬁa;seﬁmg@rmgagﬁﬁ p@povydered) grapukate or cprélnlobl’g’tg fool!. The
concentray lean s pulied, 1o on s or, The GeaRRalEepial can have,

for example,” a total sugar coricentration of betwéemn about 90 percent by weight and about 100 percent
by weightfaeility.gbc odlldeseindpirdsinchyshetinbeod it suawk eiv cahobsdartetishycost effective
{0 Ship, e g4 »PIPRIQGERYAGL ASiltye SUGH BSHNOMIRbRAMIRRIRGP BB SURALRIN can also be
advantageous to store and handle, easier to , ) . ,
some implementations, the saccharifying agent comprises an acid, e.g., a mineral acid. When
an acid is used, co-products may be generated that are toxic to microorganisms, in which case
the process can further include removing such co-products. Removal may be performed
using an activated carbon, e.g., activated charcoal, or other suitable techniques.
The materials that include the cellulose are freated with the enzyme, ¢.g., by
combining the material and the enzyme in a solvem, e.g., in an aquecus solution.
Enzymes and biomass-destroying organisms that break down biomass, such as the
cellulose and/or the lignin portions of the biomass, contain or manufacture various
cellulolytic enzymes (cellulases), ligninases or various small molecule biomass-destroying
metabolites. These enzymes may be a complex of enzymes that act synergistically to
degrade crystalline cellulose or the lignin portions of biomass. Exampies of cellulolytic
enzymes include: endoglucanases, cetlobiohydrolases, and celiobiases (B-glucosidases).
Referring to FIG. 1, a cellulosic substrate is initially hydrolyzed by endoglucanases at
random locations producing oligomeric intermnediates. These intermediates are then
substrates for exo-splitting ghucanases such as cellobiohydrolase to produce celiobiose from

the ends of the cellulose polymer. Cellobiose is a water-soluble 1,4-linked dimer of glucose.

Finally cellobiase cleaves cellobiose to yield glucose.



WO 2010/093832PCT/1182010/023962 11 manufacture and becomes both an intermediate and a
product, providing an option to the biorefinery as to which products to manufacture. In some
instances, th‘%(?%wdegr%%granulate or particulate material can also include one or more of the
materials, e.d., A4S or chemicals, described fierein, such as a nutrie?i?, gjﬁﬁ%ﬁ‘gﬁg%urce, e.g.,
urea or a peptone, a surfactant, an enzyme, or any microorganism described herein. In some
instances, all materials needed for a bio-process are combined in the powdered, granulate or
particulate materaleihille & tapabRAGr BextuPiatiicishadys caaveniertformdardransearing tma remote
bioprocessing,facility, such as a remote b'ofue&s manufacturing facility. Such g fool’ can also be
cvantagSHUEELS A/ S TS ot R HSp e LR U UL G B partculate
material (Wittugrmithidetaiddd d-materialsCBuchsasrada it 8ratd £hemicadsh chidogéreated by any of
the physigal treaiments descy gp hergin. For example  irradiating the powdered, granulate or
particulatz%r%}g(tzegr}fgl%g) ﬁl%”éfgﬁe‘ffé“éom aﬁf%i/méndv%%%%é}grﬁrgéféﬁe nr%%ntleaﬁélggg %ﬁfaﬁggog%%focessing
facility caddrtditiate Preisibdieviaridiearsibplocessedifatitdéhaysei sy diesd fordueshtemplated
intermediate,Qr.prodlickom HP GRERINNAANGSSs e NewslRted aranuiateorpatichiae material (with

or without added materials, such as additives and chemicals) can be carried in a structure or a carrier
for ease SFtrarspbrt: StEtEYENEr hARSHAG) EGPERMATINE e StHifkiHre &Y ¥4%ét can include or

incorporateadpagiokd-nslsrsughas Maegradanle.Rag oriner.Syshsaioincanhapasticularly useful for
adding dir c;l}/ to a bioprocess system. . Referring to FIG. 2, a process for manufacturing an
alcohol, e‘%ﬂe&%ﬁ'g’l{? IR FR B ST B a7 (AR S QA 8 the feedstock (step
110), befoter-andiomalterthisstpeatme At reptiohallyiréating ihé feedsioakwitbranather physical

treatment, for examgle irradiation, to further reduge it; recalgit ance (step 11%) saccharifying the
Herenioniur FOSeOgri e%:m C?’(im()fiu 1 LHCOLONd u{n atl CFEHLC mni. Hi'd ﬂ] 31'6 N=iysl
feedstock to form a sugar 3olution (step ZB transportifig, €.g., by pipeline, railtar, truck’or barge, the

solution (drothdhieertsieckletizginérarienwater! R88ctharifivatiomsiwperfbiféd@i.route) to a _
ma”UfaCtW%QlPJ%fﬁz&?&%%@)vh%%@@@1@.@5‘?@%?m)gomﬁnﬂﬁﬁtﬁq{ﬁ?ﬂﬁ%&%%% G a desired

product (step 118), which is then processed further, e.g., by distillation ggg 120). The individual steps
of this prdcBSsWiiP heldegtriiad iw dsBN Below: frassraympe sidpepieasiitig lignin content (step

122) and gettingpLAdieing RrPeess pararaeioadsien424). capvsperiormes ahyarious stages of the
process, (ot Sxample PR 18 e process SISPS) uses o AL ie st of the feedstock,as
shown. If RIS B it da thed P

obclavatum CBS 311.74, Acremonium pinkertoniae CBS 157.70, Acremonium roseogriseum

CBS 134.56, Acremonium incoloratum CBS 146.62, and Acremonium furatum CBS

299.70H. Cellulolytic enzymes may also be obtained from Chrysosporium, preferably a

strain of Ch@sosporium fucknowense. Additionally, Trichoderma (particularly Trichoderma

viride, Trichoderma reesei, and Trichoderina koningii), alkalophilic Bacillus (see, for

example, U.S. Patent No. 3,844,890 and EP 458162), and Streptomyces (sce, e.g., EP

458162) may be used.

The saccharification process can be partially or completely performed in a tank (e.g.,

a tank having a volume of at least 4000, 40,000, or 400,000 L} in a manufacturing plant,

and/or can be partially or completely performed in transit, e.g., in a rail car, tanker truck, or

in a supertanker or the hold of a ship. The time required for complete saccharification wiil

depend on the process conditions and the feedstock and enzyme used. 1f saccharification is

performed in a manufacturing plant under controlled conditions, the cellulose may be

substantially entirely converted to glucose in about 12-96 hours. If saccharification is

performed partially or completely in transit, saccharification may take longer.



WO 2010/093832PCT/US2 /10/023962 12 process parameters are adjusted to compensate for
variability in the lignin content of the feedstock, as described in U.S. Provisional Application Number
61/151,724, filed on February 11, 2009, the complete disclosure of which is incorporated herein by
reference. Y HAM i acturing plant can be, for example, an existing KaFEHIE sugar-based
ethanol plant or one that has been retrofitted by removing or decommissioning the equipment
upstream from the bio-processing system (which in a typical ethanol plant generally includes grain

receiving equipmgg@mwgv@mmd%m%m%%n%@skﬂ&%%m andhliguelaction gquipment).
Thus, the feedstock received by the plant is input directly into the fermentation equipment. A retrofitted

plant is sASHA EERbHRRIE RIS SIGMAE R APE AL No. 6hRSidAEsTBEN be, e.g., a
cellulosic @isdigneceliwasit MatenpbrHucbynetesals isrliide paper and paper products (e.g.,
polycoated papef, and Kraft en), wood, wood-related materials, e.g., particle board, grasses, rice
hulls, bagasse,?lru g,"%grtﬁ%gf #(:‘S)I(g}rngrtﬁ%%g?%ig% DAk LS ?%8%%%%%@80%‘?& %r‘,’fgnd materials
high in a-selfalosescoritelstpengqrootofadresy statks edivieerdh Mined from®/BQipobarhpitextile materials,
€. TeMnANLs) RORLEANSUTME WAie sy A0S /hen AaRer products are used they can be virgin
materials, eyg scrap virgin materials, or'they ¢an be post-consumer waste. Aside from virgin raw
materials, post-dblsisrear! inphestrial (b thoffal;cautrdtiproet Seimgswisgez (ecoss effluient from paper
processing) ¢anipisaibe Useras.fiRer seurces, Biomass {peaptoka,cap @J%%B%&QE@H @f&or derived

from human (e.g:, séwage), animal or plant wastes. Additional celluldsic and Tignocellulosic materials
have beefi"de8rtiagn Uhs pdiertiNowlsmab bo shiprdsagdels surbrs oisioial @85ahéns, 952,105.
In some emhedimentsiohe/biomasssmatemating wdss.a caboRvaiRteRaL IS/} cludes,p material

having one or more f,3-1,4-|int<a es and having‘a number average molecular weight between about
3,000 andBYDEB A& TRH L UAHBOH I Fafes P RIGBESEBIATEEAHS; WHilANSHRTIEEBm (3-glucose 1)
through cegdensaticn pf:3(Ddeotytasidimbivindss bisdinkagrocanirasisitget mith that for

aﬂA)_gly&%{%&%&%p %Q%%1?5%?—835%%&%?%%%t%%?c%{rk%rg?%%%%ﬂ)’ g[%ta%samycin, neomycin,
penicillin, puromycin, streptomycin. Antibiotics will inhibit growth of microorganisms
during transport and storage, and can be used at appropriate concentrations, e.g., hetween 15
and 1000 ppm by weight, e.g, between 25 and 500 ppm, or between 50 and 150 ppm. If
desired, an antibiotic can be included even if the sugar concéntration is relatively high.

A relatively high concentration solution can be obtained by limiting the amount of
water added to the feedstock with the enzyme. The concentration can be controlled, e.g., by
controlling how much saccharification takes place. For example, concentration can be
increased by adding more feedstock to the solution. In order to keep the sugar that is being
produced in solution, a surfactant can be added, é.g., one of those discussed above.

Solubikity can also be increased by increasing the temperature of the solution. For example,
the solution can be maintained at a temperature of 40-50°C, 60-80°C, or even higher.

In some embodiments, the feedstock is processed to convert it fo a convenient and
concentrated solid material, e.g., in a powdered, granulate or particulate form. The
concentrated material can be in a purified, or a raw or crude form. The concentrated form
can have, for example, a total sugar concentration of between about 90 percent by weight and
about 100 percent by weight, e.g., 92, 94, 96 or 98 percent by weight sugar. Such a form can
be particularly cost effective to ship, ¢.g., to a bioprocessing facility, such as a biofuel

manufacturing plant. Such a form can also be advantageous to store and handle, easier to



WO 2010/093832PCT/US2010/023962 13 Starchy materials include starch itself, e.g., corn
starch, wheat starch, potato starch or rice starch, a derivative of starch, or a material that includes
starch, such as an edible food product or a crop. For example, the starchy material can be arracacha,
buckwheat, B’é)n%ﬂ%( %‘gﬁzey, cassava, kudzu, ocg, sago, sorghum, regula’i?/(ﬁ%ﬂ%ﬂgjfg S%atoes sweet
potato, taro, yams, or one or more beans, such as favas, lentils or peas. Blends of any two or more
starchy materials are also starchy materials. In some cases the biomass is a microbial material.

Microbial sanfeasiRGing8edoiAmsonoidimites dgiaa naatisedc 0 geuviingeonapnsticaliyomodified
microorganism or or anls!g hat ontalns or is capable of providing a source of carbohydrates (e.qg.,

cellulose)”f8F & H& fg° “ﬁtséfhfﬁ?a}‘ Sts (e.g., protozoa such as flagellates, amoeboids,
ciliates, and spo]&oz@ae ancplantiprptisté(elgeralgae: sughratusataiesdhl eraralshmopliytes,

gg’f&%‘;g%%%s g g%‘i 6‘?8% hyte%aﬁ‘f'i‘%%%?%ﬁ%?m%%?s A0SR ANENORIGS, AN AR,

a nitrogen source, e.g., urca or a peptone, a surfactant, an enzyme, or any microorganism
described herein. In some instances, all materials needed for a bio-process are combined in
the powdered, granulate or particulate material. Such a form can be a particularly convenient
form for transporting to a remote bioprocessing facility, such as a remote biofuels
manufacturing facility. Such a form can also be advantageous to store and handle.

In some instances, the powdered, granulate or particulate material (with or without
added materials, such as additives and chemicals) can be treated by any of the physical
treatments described herein. For example, irradiating the powdered, granulate or particulate
material can increase its solubility and can sterilize the material so that a bioprocessing
facility can integrate the material into their process directly as may be required for a
contemplated intermediate or product.

In certain instances, the powdered, granulate or particulate material (with or without
added materials, such as additives and chemicals) can be carried in a structure or a carrier for
ease of transport, storage or handling. For example, the structure or carrier can include or
incorporate a bag or liner, such as a degradable bag or liner. Such a form can be particularly
useful for adding directly to a bioprocess system.

Referring to FIG. 2, a process for manufacturing an alcohol, €.g., ethanol, can
include, for example, optionally mechanically treating the feedstock (step 110), before and/or
after this treatment, optionally treating the feedstock with another physical treatment, for
example irradiation, to further reduce its recalcitrance (step 112), saccharifying the feedstock
to form a sugar solution (step 114), transporting, €.g., by pipeline, railcar, truck or barge, the
solution (or the feedstock, enzyme and water, if saccharification is performed en route) to a
manufacturing plant (step 116), and then bio-processing the treated feedstock to produce a
desired product (step 118), which is then processed further, e.g., by distillation (step 120).
The individual steps of this process will be described in detail below. If desired, the steps of
measuring lignin content (step 122) and setting or adjusting process parameters (step 124)
can be performed at various stages of the process, for example just prior to the process step(s)

used to change the structure of the feedstock, as shown, If these steps are included, the



14 viridaeplantae). Other examples include seaweed, plankton (e.g., macroplanicton, 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, m%?o%?gf%ﬁgﬁ%ass can be obtained from natural sources, e.g.,%‘g/ 85‘35?(?73?{@3, bodies of
water, e.g., salt water or fresh water, or on land. Alternatively or in addition, microbial biomass can be
obtained from culture systems, e.g., large scale dry and wet culture systems. PHYSICAL

TREATMBN{ess paﬁﬂ%@éﬁeﬁiﬂ%ﬂ}ﬁ@&ﬁ&@ﬁﬁﬁ%ﬁi&@%‘r %ﬁluslﬁ@gﬁ @ mare ebasy: of mgse describled
herein, such as mechanical trea , chemical treatment, irradiation, sonication, oxidation, pyrolysis
or steam g@?ﬁ%@%ﬁ? %ﬁ%g&{%@%@&g"éﬁ% ‘Aﬂ?ﬁ&"lﬂo REtBHL U frid, 15L& four, or even all of
these teclirblogies (ir@E9y thedenpiteehisthanedhdn/bick i eairaentmetaeds is usetkntre methods can

be applied at therﬁéarrplgngg;% or at 9&‘}‘2?5%9 tin;gs. Othqr processes that,c ange a molgggla{i structure of

. ] UFL €, 10T example.'an exising starch- asell Or Suvdi- e .
a biomass feedstock may also e used, alohe or in combination With the processe% tidtiBsed herein.

One or metksadlthlatreatmeitaphosbssesctie§tridéul tralownmay disdnchisieching e eadoiaince

reducing 99&5@&&9%&_?{%%?%&%@ Wen NG ARHVEL _&rai%ﬂgl%iigw GERIRGEERARJOr reducing
recalcitrance may be included. WO 2010/093832PCUUS2010/023962 15 Mechahnical Treatments
grain receiving equipment, a hammermill, a slurry mixer, cooking equipment and

liquefaction equipment). Thus, the feedstock received by the plant is input directly into the

fermentation equipment. A retrofitted plant is shown schematically in FIG. 3.

BIOMASS MATERIALS

The biomass can be, ¢.g., a cellulosic or lignoceliulosic material. Such materials
inchude paper and paper products (¢.g., polycoated paper and Kraft paper), wood, .wood~
related materials, e.g., particle board, grasses, rice hulls, bagasse, jute, hemp, flax, bamboo,
sisal, abaca, straw, corn cobs, coconut hair; and materials high in a-cellulose content, e.g.,
cotton, Feedstocks can be obtained from virgin scrap textile materials, e.g., remnants, post
consumer waste, e.g., rags. When paper products are used they can be virgin materials, e.g.,
scrap virgin materials, or they can be post-consumer waste. Aside from virgin raw materials,
post-consumer, industrial (e.g., offal), and processing waste (c.g., effluent from paper
processing) can also be used as fiber sources. Biomass feedstocks can also be obtained or
dertved from human (e.g., sewage), animal or plant wastes. Additional cellulosic and
lignocellulosic materials have 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 p-1,4-linkages and having a number average
molecular weight between about 3,000 and 50,000. Such a carbohydrate is or includes
cellulose (1), which is derived from (B-glucose 1) through condensation of B(1,4)-glycosidic
bonds. This linkage contrasts itself with that for o(1,4)-glycosidic bonds present in starch

and other carbohydrates.



In some cases, methods can include mechanically treating the biomass feedstock. Mechanical
treatments include, for example, cutting, milling, pressing, grinding, shearing and chopping. Milling
may include, for example, ball milling, hammer milling, rotor/stator dry or wet milling, or other types of
milling. OtheM&W94AEa! treatments include, e.g., stone grinding, crackirfty; Hiéehdrizcipping or
tearing, pin grinding or air attrition milling. Meg”hanical treatment can be advantageous for "opening
up,” "stressing," breaking and shattering the cellulosic or ligmocellulosic materials, making the
cellulose of the materials more susceptible to chain scission and/or reduction of crystallinity. The open
materials can also be more susceptible to oxidation when irradiated. In some cases, the
mechanical treatment may include aki{fitial preparation of the feedstock as received, e.g., size
reduction of materials, such as by cutting, grinding, shearing, pulverizing or chopping. For example, in
some cases, loose feedstock (e.g., recycled pager, st%ﬁchy materials, or switchgrass) is prepared by
shearing or shredding. Alterndfi{ZEly, orin adtition, the fee k material can be physically treated
by one or more of the other physical tiédtment metheds, &g chemical treatment, radiation,
sonication, oxidation, pyrolysis or steam explosion, and then mechanically treated. This sequence can
be advantageous since materials treated by one or mor&’6t 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, and mechanical treatment includes shearing to expose fibers of the
fibrous material. Shearing can be performed, for ekample, 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 using, for example, a stone grinder, pin grinder, coffee
grinder, or burr grinder. Grindir@ ay be provided, for example, by a reciprocating pin or other
element, as is ghe case in a pfh mill. Other mechanical treatment methods include meghanical ripping

or tearing, othfer methods gat apply pressure to the fibers, and air attritiongilling. Suitgble mechanical
treatments fyrther include aqy other technique thaf-pQisages the moleculat-structure of §he feedstock
WO 2010/03832PCIA4382Q19/0 -:. If desired, thgmechanj¢aly-treated matefial can be
passed throdghestreen\e having an avgrage gifing sizé of 1.59 mm ofless (1/4€ ingh, 0.0625
inch). In some embodiments,.sheaMigreLRiEr mechawgbltreatient,. a{d screening afe performed
concurrently. \ForrggrTe, a rotary kNjfe cutter can be used to concwrerfily shear the gnd

OH

Starchy materials include starch itself, e.g., corn starch, wheat starch, potato starch or
rice starch, a derivative of starch, or a material that includes starch, such as an edible food
product or a crop. For example, the starchy material can be arracacha, buckwheat, banana,
barley, cassava, kudzu, oca, sago, sorghum, regular houschold potaioes, sweet potato, taro,
yams, or one or more beans, such as favas, lentils or peas. Blends of any two or more starchy

materials are also starchy materials,

In some cases the biomass is a microbial material. Microbial sources include, but 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, amoeboids, ciliates,
and sporozoa) and plant protists (e.g., algae such alveolates, chiorarachniophytes,

cryptomonads, euglenids, glaucophytes, haptophytes, red algae, stramenopiles, and



- screen the feedstock. The feedstock is sheared between stationary blades and rotating blades to
provide a sheared material that passes through a screen, and is capturedin a bin. The bin can have a
pressure below nominal atmospheric pressure, e.g., at least 10 percent below nominal atmospheric
pressure, e.a‘{?&lﬂ (RSl percent below nominalI thospheric pressure, SFFéﬁé%"étV‘Bé?&’em below
nominal atmospheric pressure, or at least 75 percent below nominal atmospheric pressure. In some
embodiments, a vacuum source is utilized to maintain the bin below nominal atmospheric pressure.
The cellulasig.epilignereiklesis mpiesial Sadk Reatachanicaly (eateshinopdhksiate (e.g., having little or
no free water op its surface), a hydrated state (e.g,, having up to %?en er?e t by weight absorbed
water), o AR A e e A e B B O P D P AR S B FSRrcent by weight water.
The fiber sloutgeaakioe \taoidré: echaniagityitieatediwhilgmpartiafytior uityesiabmerged under a liquid,
such as water, clhanol oLisopopancly.... Jgsellosic or ianocellosic material can aiso be
mechanical y ?rleg?eg nder a gas (Iélucﬁ as a stream or g]tmo"spﬁeré of gas ot er than a%, e.g., oxygen
or nitrogerhtemsteizom natutdidesined, fignihcarcs ldrobedifsorh ey of thedbodstock friaterials that
include lignip, Alsg, (9200 i theveRkdamalihe mRISHRISDALICUAS.cellilaserthe material can be

treated prior to or during mechanical treatment or irradiation with heat, a chemical (e.g., mineral acid,
base or a8 BRRIIS et SutH HSSHE N MYPBRIIBINE) Bit8F-an enzyme. For example, grinding can
be perfoimed in the presence of an acid. Mechanical treatment systems can be configured to
produce RICEBICWItNTRIEATMFINTacteristics such as, for example, specific maximum sizes, specific
length-to-width, gy, spegifc,suriaceaicas [atiosq Mechanical reaimeni saningreasg jhe rate of
reactions or reducd the processﬁg fitne required by opening up e materials and making them more
accessiblbarsipreedssen enhdroealdemgbnes!. shemas ! reeioaty, inradsdionownitht du diatisiy of
feedstocksfan a3 ReAPREAletu SR MERABIFa I GAIRARL SR EXRMBIEILPAme Srabodiments
after mechanical treatment the material has a bulk density of less than 0.25 g/cm3, e.g., 0.20 g/cm3,
0.15 g/cnisub aieyrermib obthsgleshmelnaiss snany Gdsh JYasEnpig kg ALY i E¥Rimined using ASTM
D | 895B.Ryigdlys diesbaethosidmealyes BHng i Wi ROIMRIRR3PL T/tdoRQikRie230k 17 measuring
cylinder of known volume with a sample and _obtainin_%{g weijght of Ehe’sample. The bulk density is

calculatedBGRILIAY HIERRIROSENTS SRR o §rainmeasy ivd VIR SFSHet8Tihder in cubic

centimetessin combination with the processes disclosed herein.

One or more of the treatment processes described below may be included in the
recalcitrance reducing operating system discussed above. Alternatively, or in addition, other

processes for reducing recalcitrance may be included.



If the feedstock is a fibrous material the fibers of the mechanically 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 nartSW IRHGtE ShcUor length-to-diameter. ratio distribution.  ARCEEEFHEBH S Average fiber

widths (e.g., diameters) are those determined op i?:ally by randomly selecting approximately 5,000
fibers. Average fiber lengths are corrected length-weighted Lengths. BET (Brunauer, Emmet and
Teller) surface axeashast:Rdiep@inhgirface areas, and porosities are those determined by mercury
porosimetry. If the feedstock is a fibrous material the average length-to-diameter ratio of fibers of

the mechanically OREGTa ARG P nglyde grecharitally Brrtiaeghcdriomarsthgdsion, greater than
15/1, gredisrcthaidQtlstgranaiendhae, 25/ dxangeeatenibaniioid,. Aaaveragedfibesiengt efdhe
mechanically treated material can be, e.9., between abqut 0.5 mm and 2.5 mm, e.g., between about
0.75 mm.%gapi%'m%ﬁ@%ﬁ$ an 151\9&%(}3% \I/%?éﬁ%n Pé‘?g?%%ﬁﬁéf]&) Sf]ﬁ%’gr&%ﬁ% %?E/Eﬁ,gtﬁ{a Bfial 14 can be,
e.g., betweencaboling, wmodrd S0as T, ifindetieemabioutid) weataactShicinde, ¢.glnsnme
embodimgpts;:ifthe.f tockd el ter rd deviation. of-the fiber length of the
mechanic%llﬁﬁlreg’ér}gaﬁnﬁa (’a%(a:ellé %ﬁ?&%ﬁt&@g@ gg)ﬁp%é?égf%? %vg%a%re% 1‘fbdt=gtrr ]Ié%ngg[}_ﬁl%f} the mechanically
treated material eghapisskipmBY Farbe At Gintascave fagcoandth Upss therying predmof the average
length, legs dhananemeniaidie avermaeiengib ressiilam 10 nercenn Rl dhesvgrage Length, Less

than 5 percent of the average,lengpth or even less than 1 percent of the average length. In some
embodimé‘?ﬁ@?&lﬁﬁ?rgﬁwﬁﬁ}éﬁg}‘é_ @%%%W%ﬁwﬁf&@ﬁ%@@e s 9H8h 0.1 m2/g, e.g.,
greater thaat:2h ma/gsgreaterthantybindgegrdterthan ki, greater than 1.5 m2/g, greater
than 1.75 m2/g, greater than 5.0 m2/g, greater than 10 m2/g, greater than 25 m2/g, greater than 35
m2/g, greater thg’nbgﬁlr%ﬁ?a{fsggé%?é?ct@é# %?drﬁ%‘%}%}%ﬁié’?iﬁﬂgfgfg%WHE?Q?*@P&%?’I% $00 m2/g,
greater thfeadsB0Im2/gcegredterdhan200uiRig pdreveilgrsatk ntitanc@bia gnegdivdQhearing,
2010/093832BC TIUS2010(02396 orosity of the mechanically treated material can be, e.g.,
greater th%n 20 pe%:e‘nt, g9 efgér tﬁ(a%x%rgb&rceﬁr!ljt},ﬁgr%&égt%m%%ﬁ%ggﬁgtg}éé%%ﬁg'gFg%greé%aﬁ 1500 percent,
greater thifr 60 percsints-greaechsessT o prreend, yrebeeritian $0oddieont, greater than 85 percent,

greater than 90 RefS@ B 92 PRLGEOL LR AR RIRRNL A BRIEL o 95 percent

greater than 97.5 percent, greater than 99 percent, or even greater than 99.5 percent. In some

situationsPit e BeReiPab R 18 Hepafa e ionr s ders kTRt EetmensifpdivE haterial (e.g., to make
it easier apaileskeastivdeotiansporiieanathengitesioanth thesr averathe. matesialitorgilower bulk

densit_y stsgeuelir)lggsjfiqbdc Tﬁgerialg can.rt?e rocessed b of the methads described herein, or any
material proteased By any of the Method &gﬁfﬁgﬁ%‘g’garg%ogﬁﬁ RSG5 LRGN, HEIEHRLY, e.g., as
discloseddg Wit 8808107 3188ysis, 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, 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 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 pin mill. Other mechanical

treatment methods mclude mechanical ripping or tearing, other methods that apply pressure

to the fibers, and air attrition milling. Suitable mechanical treatments further include any

other technigue that changes the molecular structure of the feedstock.



Radiation Treatment One or more radiation processing sequences can be used to process the
feedstock, and to provide a structurally modified material which functions as input to further processing
steps and/or sequences. Irradiation can, for example, reduce the molecular weight and/or crystallinity
of feedstockWﬁ%@m@%odimentS, energy deposited in a material that reAdASEG W E¥Etron from its
atomic orbital is used to irradiate the materials. The radiation may be provided by 1) heavy charged
particles, such as alpha particles or protons, 2) electrons, produced, for example, in beta decay or

electron beam agcglgraliorse fled)SIREH P RABNGHG LA LAY IL EXRIRRIG DRATDE,3YS, X rays, or

ultraviolet rays. In one approach, radiation produced by radioactive subs!fances can be used to

irradiate thE1B8ALMBIRAE SBTHESMSSHimehI s biAaRER HOSAT Brder BrsHifourrently of (1)

through (Ihibegimenuiineshilp, anothemapproash releskamaaneticradiatiop.(e en-groduced using
electron beam emi teri)ocan be used to iri?‘tld'ate the feedstock. The doses applied depend on the

desired effS& AR e DA fob CUIGURVES PSSt i Jo SRRCBrFathatisi iR Hidak chemical
bonds witkiretedbistoctstomplinefuslsinciosd dnsthhces whedichain [ssissionindesigaiaand/or
polymer ciii aclanalieaUands f sl ane. RAISS ISRUCLINAN SISCHINS Sheh dpdpgions, helum
nuclei, argoh ions, silicon ions, neon ions, carbon Tons, PROShorus TONS, oxygen Ions 6r Aitrogen ions
can be utifBietRNA/hETEsSHEE bpleringroingirsseissiom iptesinsds gositively thpeyedtpalticles can be
utilized fop Shaif.| eWS RIS PEPRSIHES for LNORANSSAINg-ORENNGLENRIN SEISSRRHE pR.Sx@mPle, when

maximum oxidation is desjred, oxygen ions can be utilized, and when maximum nitration Is desired,

nitrogen i8h€¥hA LRETHERS Salo WP B hrsaathomCrrAsaD of £ ersdirewent bplogneomitiod, a first

material thahdsprinchiensreeliylasenaingiadis! Dumbanaveraor molkcumaeiaht (Meys iradiated,
e.g., by trga\%ment wit%zi_n radiation (e.g., in the foim of gamma radiation, X-ray radiation, 100 nm
to 280 nm’{l r“é\llll%rf'e}{lf gt A BEE BT electrons or other charged particles) to provide a second
material that inclliges:telisiose hgvinglaisecantkrnuhche baverdgei ablecedarviteigh, (Mir) lower than

' d second material) can

the first n aver Q lar weight. The second materjal (or the first.an
be combirk':e‘ 'ﬁvﬁ%hlrggﬁ%%o%}régﬁlg?nw vﬁ%%}t\sfvsl ﬁ(faﬁtg)éﬁzﬁzrr‘%rg%‘ésat rﬁéﬁl‘%‘ﬂ%f” S bR 2 he second
and/or firgtonsaéhavoriay ebwstindemtstigaracr Wgitio peoducera fuelonatver l8ekiproduct that is or

includes hygrpgen73RAILAND) (5 URTOAIIANOSUCHAS s 1355 ALIRUIRN AN A Organic acid

a hydrocarbon or mixtures of any of these. Since the second material has cellulose having a
reduced MGICOIE ANE S tba e nfst mbgaihiushdsivabmetissal sedwaommabed crystallinity as

well, the secondmaterialds aaneraie masa cispersities swsliabir angionsalublarinasolution

containin agpicroor anism and/or an??nzg;maﬁ. Tlgese_properties make the second material more
susceptible S SR&MTEAT &R 3TROSRECEH A SPLTBTSHIRAT Alth ke ot AR PSR rRARFAT. which can
greatly improve théepiredLigtion catchansiorptdouction dévied afdsdesiraa@iaddet Rgudethanol.

Radiation,;can algo sterilize.t aterials or media needed to bioprqcess the material. In some
RN 58 agf" mht?l AR oﬁ'ﬁé{ materals (g Mi)c%;{%%%rth% %afﬁlélafll &8 umber

embodimeﬁts, the sécond number average molecular wellgah%
average rholeaitdmieidghoiMoiby myshertisahtzbownt Orperskeiioe withlisa2 @, @SB, 86240, 50 percent,

60 percent; ot aueRMALe danaboutdaReLEeRL sodlM%%%éﬁ%&@g%ﬁgmeaﬁ%ﬁgg%@%%%fia' has

cellulose that has as crystallinity (C2) that is lower than the crystallinity (C1) of t ellulose of the first
material. PHUEXarSpREIPE SR 56 Hesd M reespmy pforeagidn about 10 percent, e.g., 15, 20, 25,
30, 35, 40, or evgBomAiethan@RAVERAPEIGRMN configured to produce streams with specific

characteristics such as, for example, specific maximum sizes, specific length-to-width, or
specific surface areas ratios, Mechanical treatment 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 also be controlled using mechanical treatment, For example, in some
embodiments, after mechanical treatment the material has a bulk density of less than 0.25
g/om’, e.g., 0.20 glem’, 0.15 g/em®, 0.10 g/em®, 0.05 g/em’ or less, e.g., 0.025 g/em®. Bulk
density is determined using ASTM D1895B. Briefly, the method involves filling a



In some embodiments, the starting crystallinity index (prior toirradiation) is from about 40 to about 87.5
percent, e.g., from about 50 to about 75 percent or from about 60 to about 70 percent, and the
crystallinity index after irradiation is from about 10 to about 50 percent, e.g., from about 15 to about 45
percent or i YIS to about 40 percent. Hqwever, in some embodi#&f&s,zg@gffzg?@r extensive
irradiation, it is possible to have a crystallinity index of lower than 5 percent. In some embodiments, the
material after irradiation is substantially amorphous. WO 2010/093832PCT/US2010/023962 20 In

some emppdimantisythastaringNUmRReh AV . MeleshdaspMeiaty LRrigsipJriadiakiant is from about
200,000 to about ,ZQO,QOO,I%?%%ﬁm about 250,000 to about 1,000,000 or from about 250,000 to

about 700806V SHEIHE tifd HGeiBIE AT ARS Tt RSP TIPAHA SIS ot £B81'50,000 to
about 200;006ea:fthdreindbobit &B;0@6ntnakakt 150,000 or from about 70,000 to about 125,000.
However, in somg .embodiments ., after extensive irradiation, if is.pgssible to have.g number
e oo R e S e Bk B L R PR R 0 R, e

em bodimemﬁaﬂwse‘l@tjmdyﬁa@im@aigﬁ hax&hatwgtr@mmmi@rg(wﬁtmﬁ@mMF Ilhaiﬂem_e level of
oxidation (B ofthe fitst matedal, A-higheslevel.of exidation. ofdhe spatealsanaidiniis dispersability,

swellability and/or solubility, further enhancing the material's susceptibility to chemical, enzymatic or
biologicaldaiied Reseimaanisiel ety oly Meies sen e qadier dmeld-sxidatstr o second material
relative tastheifirshanaterial, the irradiation is perforined under an oxidizing environment, e.g., under a
blanket of air or oxygen, producing a second material that is more oxidized than the first material. For
example, the seCSMECrhRTET DL RARSHEIER, FexHYPSIHY AribRyaecsrouned RetsHEgroups, ester
groups orgathadsie agid@igupsonniateikad)l0Ciase irsvaydrofibiiciygtlanizingrRadiadtion  Each
form of radiatjon ionizes the carbgn-cantaining material via particular interactions, as determined by
the encrol OF e TR R D R S i LT oA he Bl BHHD scattering
futtheimorar five sechseratpionsipes duch en daystivelé bir omsdat yaagifaether ionize matter. Alpha
particles are idefyigalia i Ruclels:of NRIMT ALam.ARd AIARERIRY I alphRflagay of various

radioactive nuclel, such as isotopes _o%]bismuth, polon astatine, radon, francium, radium, several
actinides, B¢t egetiiiummaBionaterial camiten ¢ Bepigateh BUPknS LatiforsUalidsiefgatcrand

plutoniumyy 191 E’@Fﬂﬁﬁ%@@fﬁf?@%@x@h%@éﬁ%r@@eﬁ%"%!n(@@)qh%ﬂ%&%ﬁﬂé@%@ﬁfged or
negatively charged. When charged, the cha[tirt%%d particles can bear a single positive or negative

charge, oPhibitdprsterisgbsrenlyd BRERbG R & 8r BERIFEBGPOY RorB R HIgés. Hiin&fances in which
chain scissiefeis desifan7 pesiivelyl charged pafticles soayde dasirablacimpahdyectadheir acidic

nature. When particles are utilized, the particles can have the mass of a resting electron, or greater,
c.0. 500, 10D 14507 5Hb0L 10008 HSUEH EODDOA ERAEA T ac oA A Babioh, For

example, thé Hapticles can have a mass of from about 1 atomic

In some embodiments, if the feedstock is a fibrous material a standard deviation of
the fiber iength of the mechanically treated matenal is less than 60 percent of an average
fiber length of the mechanically treated material, ¢.g., less than 50 percent of the average
length, less than 40 percent of the average length, less than 25 percent of the average length,
less than 10 percent of the average length, less than 5 percent of the average length, or even
less than 1 percent of the average length.

In some embodiments, a BET surface area of the mechanicaﬁy‘treated material is
greater than 0.1 ml/g, e.g., greater than 0.25 m/ g, greater than 0.5 mzf’g, greater than 1.0
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 m%g,
greater than 75 m%/g, greater than 100 m*/g, greater than 150 m?/g, greater than 200 m*/g, or
even greater than 250 m*/g.



WO 2010/093832PCT/US2010/023962 21 unit to about 150 atomic units, e.g., from about 1 atomic
unit to about 50 atomic units, or from about 1 to about 25, e.g., 1, 2, 3, 4, 5, 10, 12 or 15 amu.
Accelerators used to accelerate the particles can be electrostatic DC, electrod(;g/namic DC, RF linear,

magnetic ind(RETNESF or continuous wave. Fqg example, cyclotron tyﬂgyg QIRPA% S 4re available

from IBA, Belgium, such as the Rhodatron0O system, while DC type accelerators are available from
RDI, now IBA Industrial, such as the Dynamitronk. lons and ion accelerators are discussed in

Introductory NuglgakdRRysicthekpanaticSikiraned oy iey ke 2oNSxnee(4R88) st relec, FIZIKA
B 6 (1997) 4, 177-2Q6, Chu, William T., "Overview of Li%ht-lon eam Ther%t)%%t olumbus-Ohio,

ICRU-IABEC RS &b BEBE U SFER S OBE TR RS- ST MR8 ARG Bh &5 B&Y IH-DTL for
Heavy-lopdseslicatAecaiar orstdnnqaedingsaafi BAC200fatedihbu ity Scoatlgndandiheaner, C.M.
et at., "Stgfus of the Superconducting ECR Ion Soukce Venus” Proceedings of ERAC 2000, Vienna,
Austia. B AR P e S S b b s L0 U oy of
materialsti8odick saf ghrarrdaahsi i pde raidivastivarratieihsuth. agdssmwpes of cobalt, calcium,

technicium, chroigm. gallie HALM,Jaelng, 1EQB piyRion 1&9mﬁﬁu@ﬁgﬁ§ﬁe{&%i,%&qw thalium,

and xenon. Sources of x rays include electron beam collision with metal targets, such as tungsten

or molybdenmgisiahifoys fomabipastmgidsisrcashs ichaasreTd e BRI cE8) cotf e FCiaYs oy Lyncean.
Sources @k wiauinlgt é@&&?&i%&@@gﬂ%@%&erwﬁsﬁc@aﬂ%%ms@mn}% PROMRBS Boninftarad radiation
(6]

include sapphire, zinc, or selenide window ceramic lamps. . ,
ngeehods described herein, or any material processed gy any of the methods described herein

can be subsequently densified, e.g., as disclosed in WO 20068/073186.

Radiation Treatment

One or more radiation processing sequences can be used to process the feedstock, and
to provide a structurally modified material which functions as input to further processing
steps and/or sequences. Irradiation can, for example, reduce the molecular weight and/or
crystallinity of feedstock. In some embodiments, energy deposited in a material that reicases
an electron from its atomic orbital is used to irradiate the materials. The radiation may be
provided by 1) heavy charged particles, such as alpha particles or protons, 2) electrons,
produced, for example, in beta decay or electron beam accelerators, or 3) electromagnetic
radiation, for example, gamma rays, x rays, or ultraviolet rays. In one approach, radiation
produced by radioactive substances can be used to irradiate the feedstock. In some
embodiments, any combination in any order or concurrently of (1) through (3) may be
utilized. In another approach, electromagnetic radiation (e.g., produced using electron beam
emitters) can be used to irradiate the feedstock. The doses applied depend on the desired
effect and the particular feedstock. For example, high doses of radiation can break chemical
bonds within feedstock components. In some instances when chain scission is desirable
and/or polymer chain functionalization is desirable, particles heavier than electrons, such as
protons, helium nuclei, argon ions, silicon ions, neon ions, carbon ions, phoshorus ions,
oxygen ions or nitrogen ions can be utilized. When ring-opening chain scission is desired,
positively charged particles can be utilized for their Lewis acid properties for enhanced ring-
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.



Sources for microwaves include klystrons, Slevin type RF sources, or atom beam sources that employ
hydrogen, oxygen, or nitrogen gases. In some embodiments, a beam of electrons is used as the
radiation source. A beam of electrons has the advantages of high dose rates (e.g., 1, 5, or even 10
Mrad per se%(?ia‘f%f&ﬁ%roughput, less containment, and less confinem&ht HErtElectrons can
also be more efficient at causing chain scission.?faddition, electrons having energies of 4-10 MeV
can have a penetration depth of 5 to 30 mm or more, such as 40 mm. Electron beams can be

generated, e.g., lRyelestiostal GigeneraiMsheAs RIS IRRERINRARafIrMeropngrRtorS, low energy
accelerators with a [%ca nin%gs%ﬁe{]rgglow en_ergg accelerators with a linear cathode, linear
T

accelerat8rs &dSUised a¢ LEIERIERG S WOTSB TR S BB BT ESHIONISI62 22 an
ionizing radiati dorsairgancanbéiuReil -e.g rafisetativeyrihinsitemof maiesialsUw giglass than 0.5
inch, e.g.,b!etaclss(t)? i .gfnisncrh tgég,ggcrh,e .Za;ngeh)otr Iel§oslt e:an %.1 [ ch.tln.rsiottm% .en?‘lé)ﬁ)diments, the
energy of gach electron o tﬁe gIsction deam 18 from about 0°3MeVis about 276 ey (million electron
volts), e.gestrdmcdisoutzeSaoteld toraboutvereiioy]confroweabo (V0. Y eV teabeuiii25 MeV.

clectron hisaeadiationdeviess man e st sammarsialy et Beamalizatens,

Louvain-la-Neuve, Belgium or the Titan Corporation, San Diego, CA. Typical electron energies can be
1 MeV, 2 Meombinefiayh 2 Migesr2ey0 Way oTypikacietramtretnetidtmationigdzctipower can be 1
KW, 5 KW@\ 26} A i HA6 kWMs1Zabhk\Wg a5 3PAdaWN +J B levelal.aenalymerization of the

feedstock deﬁ)ends on the electron energy used and the dose applied, while exposure time depends
on the pol8F YA A0S FREP d¥LBeTHagakeN A s SHIFIREYT BUkEYL fBREY "20%GY, '50 kGy, 100
kGy, or 200tkésy), lmroRanticteiBeagdrocarbon or mixtures of any of these.

Since the second material has cellulose having a reduced molecular weight relative to

the first material, and in some instances, a reduced crystallinity as well, the second material is
generally more dispersible, swellabie and/or soluble in a solution containing a microorganism
and/or an enzyme. These properties make the second material more susceptible to chemical,
enzymatic and/or biological attack relative to the first material, which can greatly improve
the production rate and/or production level of a desired product, e.g., ethanol, Radiation can
also sterilize the materials or any media needed to bioprocess the material.

In some embodiments, the second number average molecular weight {My,) is lower
than the first number average molecular weight (My;) by more than about 10 percent, ¢.g.,
15,20, 25, 30, 35, 40, 50 percent, 60 percent, or even more than about 75 percent.

In some instances, the second material has cellulose that has as crystallinity (C,) that
is lower than the crystallinity (C)) of the cellulose of the first material. For example, (C;) can
be lower than (C,) by more than about 10 percent, e.g., 15, 20, 25, 30, 35, 40, or even more
than about 50 percent.

In some embodiments, the starting crystallinity index (prior to irradiation) is from
about 40 o about 87.5 percent, e.g., from about 50 to about 75 percent or from about 60 to
about 70 percent, and the crystallinity index after irradiation is from about 10 to about 50
percent, e.g., from about 15 to about 45 percent or from about 20 to about 40 percent,
However, in some embodiments, e.g., after extensive irradiation, it is possible to have a
crystallinity index of lower than 5 percent. In some embodiments, the material after

irradiation 18 substantially amorphous.



Particles heavier than electrons can be utilized to irradiate materials, such as carbohydrates or
materials that include carbohydrates, e.g., cellulosic materials, lignoceliulosic materials, starchy

materials, or. mixtures of any of these and others described herein. For example, protons, helium
. WO 2010/603832 . : ) : PO 02396 :
nuclei, argon’ions, silicon ions, neon ions carbon,jpns, phoshorus ions, o §a rogen ions

can be utilized. In some embodiments, particles heavier than electrons can induce higher amounts of
chain scission (relative to lighter particles). In some instances, positively charged particles can induce
higher amounts bf eheirabissiamthanenegatyelnchargec.paticlesdeetotheirreidity.  Heavier
particle beams can be.generat ., using line eleratars or cyclgtrons, In some embodiments,
the energl)?lé? 1538{5} 6%1? |a]e%?¥ﬁgﬂl§é{g)ﬁ1t%a€?%% agg@@o@lﬁre?%%%‘ét ggfi@aﬁ?oaﬁ’f’%‘,ooo MeV/atomic
unit, e.g., friatf, éibort BoMebdetdinio0init tbabdii 4EDarM e\é/atarhic ewitagy fiokrahoutikBiMeV/atomic
unit to abgt 1 0RMEM(EBMIGHIs0 ool CHAIN SERRAIMENtS JonbaamsHsed o radiate
carbon-containing materials, e.g.,ublorhass materials, can m%l’_uoﬁé more than one fype of ion. For
example, 18R @ben éremrehesiutiORtiarbaubl BAE Y riloreciergin timae cfobpdimamere) gifféient types of
ions. Exemplaty, SpdIesaan INGHIGBICAR0N AN AR RIAIADS nkALROR QRFLANG XX QRM, 10NS, nitrogen

ions and protons, and iron ions and protons. More generally, mixtures of any of the ions discussed
WO 201075088558 Pryespdetdrngee 83 Aefein (or any other ions) can be used to form irradiating

ion beams. In partigtaretxnes©f fRlatualy fightandarelatvely:heaiskignssan hemsed in a single
ion beam, . . In some embodiments, i eams for irradiating materials include positively-charged
ons. ThoHBAHU) BAFaBePIGHE G S EYATEIE oMM (R Gu YRROBEN s (e.p.
protons), maiieadjasnienisi(etgdidpetiabiline oweRabidiny, andrbosviobisiiniftaten domsicig/den ions, silicon
atoms, p ) s.ions metal ions,such as sodium.ions, calcium ions, and/or.iron jons. Without
wishing to ge %%fu n%l%%%@? %Xetgr(%clrtnfsc aé’e(flnez\yénda %ﬁa%r;éﬁ% 0E’;’:)}'((})a’sli'ET}%%f}i/é-'rcrt*lnaéﬁ(g);l(][a,1 ?8}1{)50 %ghcél\%/sé chemically
as Lewis tcidcmasetieslovhbel Exposdation mitierigieyidinating et sustaitin freateridalintheopening chain
scission reacions i sR-QMFatvRe Y oRme Rt emi}anﬁa%ﬁ%i@.g_m%}fy%mmfgﬁ%s for irradiating

materials include negatively-charged ions. Negatively charged ions can include, for example,
negativel;?%é’ﬁo%ﬁ%’g@eﬁ%ﬁ iR deTsRspritiacadbptithel ek aryedalb®of various relatively
electronegativglfIURISIL A YIS ANS VB IHREERyIABRYICAhR, 088k RICaDIRNRe@d Phosphorus
ions). Without wishing to be bound by any theory, it is _helieved that such negatively-charged ions
behave cﬁ%?ﬂ?@aﬁﬁ%%f’é’ﬁﬁé’%%%%ﬁ}%ﬁg WIRIR e oL e R s A Edioeh g Wionic ring-opening

chain scission reactions in a reducing environment.
{onizing Radiation

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 Conlomb 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 nuclet, such as
1sotopes of bismuth, polonium, astatine, radon, francium, radium, several actinides, such as
actinium, thortum, 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
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 desirable, in
part due to their acidic nature. When particles are utilized, the particles can have the mass of
a resting electron, or greater, e.g., 500, 1000, 1500, 2000, 10,000 or even 100,000 times the

mass of a resting electron. For example, the particles can have a mass of from about 1 atomic



In some embodiments, beams for irradiating materials can include neutral atoms. For example, any
one or more of hydrogen atoms, helium atoms, carbon atoms, nitrogen atoms, oxygen atoms, neon
atoms, silicon atoms, phosphorus atoms, argon atoms, and iron atoms can be included in beams that
are used for‘i??a%ﬂ&%%‘é? biomass materials. In gzqne_ral, mixtures of any fidEr b dtthe above
types of atoms (e.g., three or more, four or more, or even more) can be present in the beams. In
certain embodiments, ion beams used to irradiate materials include singly-charged ions such as one or

mult OfTﬁniﬁﬁi’g ' SO'art?lhiNnhi@j@é\lpﬁ&%hm@ P C4 N??.i N ]%3 Ozcligigtzpﬁc;ﬁzn;s CSETn iSnIC|uSdIe
multiply-charged ions such as one or more of C2-,C3-,, C4i, -, Ns], N3-, , 02, o1, Sl Sl
and Si . Iﬁ&&%ﬁt thig %’H‘B?grﬁ&&n 2<i|§04ﬂ150|&gel Mre cHMISC ORI SSF 4RSI BEar multiple

positive othaggeaitleschaigedcineertiaiDenhativienisibpyirvie afdhesimetiy enafidienpolynuclear ion,

the posm\{l% Qr.negative charges chen be eff?ctlcv%%tdlstglbuted ver substantial

. ONUNUQLS Wave. T eX& . a q rators are ?al%%,ﬂhe enltli-ﬁg structure of
the ions. In some embogf'}nents, t 8 F?OSI @eeo negrgﬁvgpghacfgeéas c(grbi ree %%aﬁe %aﬂ%cal ed over
portions dbtlsustronlresdieididagon Gy 2010/0B38 LR/ k820161623962 R4ble from

RDI, now IBA Industrial, such as the Dynamitron®. Ions and ion accelerators are discussed
in Introductory Nuclear Physics, Kenneth S. Krane, John Wiley & Sons, Inc. (1988), Krsto
Prelec, FIZIKA B 6 (1997) 4, 177-206, Chu, William T., “Overview of Light-Ton Beam
Therapy” Columbus-Ohio, ICRU-IAEA Meeting, 18-20 March 2006, Iwata, Y. et al,,
“Alternating-Phase-Focused IH-DTL for Heavy-lon Medical Accelerators” Proceedings of
EPAC 2006, Edinburgh, Scotland and Leaner, C.M. et al., “Status of the Superconducting
ECR Ion Source Venus™ Proceedings of EPAC 2000, Vienna, Austria.

Gamma radiation has the advantage of a significant penetration depth into a variety of
materials. Sources of gamma rays include radioactive nuclei, such as isotopes of cobalt,
calcium, technicium, chromium, gallium, indium, iodine, iron, krypton, samarium, selenium,
sodium, thalium, and xenfm.

Sources of x rays include electron beam collision with metal targets, such as tungsten
or molybdenum or alloys, or compact light sources, such as those produced commercially by
Lyncean.

Sources for ultraviolet radiation include deuterium or cadmium lamps.

Sources for infrared radiation include sapphire, zinc, or selenide window ceramic
lamps.

Sources for microwaves include klystrons, Slevin type RF sources, or atom beam
sources that employ hydrogen, oxygen, or nitrogen gases.

In some embodiments, a beam of electrons is used as the radiation source. A beam of
electrons has the advantages of high dose rates {c.g., 1, 5, or even 10 Mrad per second), high
throughput, less containment, and less confinement equipment. Electrons 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.

Electron beams can be generated, ¢.g., by electrostatic generators, cascade generators,
transformer generators, low energy accelerators with a scanning system, low energy

accelerators with a linear cathode, linear accelerators, and pulsed accelerators. Electrons as



Electromagnetic Radiation 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 102 eV, e.g., greater than 103, 101, 105, 106, or even greater than 107 eV. In
some embo&f%%%}(g??ﬁgzelectromagnetic radiatiopy has energy per photoﬁ)g SteeR 1% and 107,
e.g., between 105 and 106 eV. The electromagnetic radiation can have a frequency of, e.g., greater
than 1016 hz, greater than 1017 hz, 1018, 1019, 1020, or even greater than 1021 hz. In some

embodimenisnihiaclegiarmagietciadiatiomnass fiequencyofheeesr ks and dg 0Rdshz, e.g.,
between 1019 tp 1021 hz. Doges _ = In some embodiments, the jrradiating (with any radiation source
or & comiTBioh B iR edS) A B IR atel SeiE L SR o Bt 0.55 Mrad. ©..
at least 1 @nvtrdchatidehst-ddoyrddadt ébastoh. Ofvikad carat beast 1d G:rMitads hisbhaé @mbodiments,
the '”ad'a%”gﬁtﬂ'%’%‘é‘%f’g%%ﬁ% éE‘t?orrﬂ‘%ﬁ%ﬁ'&%‘ﬁ"o’%%%o%?ﬁ%%8‘?%%&%195'\&& 414,6,0 Mrad, e.g.,

between 1.5 Mrad and rad. n some odiments, the irradiating'is pef o’rme'la)%}t a dose rate
of betweetv®:10h#1EB00 DkitoradMGr, e.g., between 10.0 and 750.0 kilorads/hour or between 50.0

and 350.0 kiloragg/hap Seam i#h SN SRRQAUIMENE WQABHERAAIPRGRYECaSARe uSed, such as

two or more ionizing radiations. For example, samples can be treated, in any order, with a beam of

electrons /TBBHEATSy e rAR AT Bald 0Kt HR0ikG RAVERh g% Sbbut IIYAm to about
5)80 nm. I?@m@@a@@ié&@@? samptesare M@MMI@%@%@MW&M&@Q sRidteRsS, such as a
eam of electrons, gamma radiation, and energetic UV light, ication . € Or more sonication
processin g“éldl}&ﬂ@élg TR IS8 DREE F&Ibg(?cle@?n?ag%allé %Wn?ﬁ %ﬁgg %gﬁve’t)]/%?laﬁfe%ﬁlk%u rces to
extract useftibsivstahieek frbnt thediyaterizispandte fraludekpdrtialts dedgiadedtarganicgmaterial (when
549 futhet progessing sieps, gnd/or
anal cp?ystall?llnffy it

organic mate ialgI re.employe )WI,III'Ch functions as,inpu
used and the doseaﬁu Tefl, W { & eﬁ?orc»ure fime de 1{ 19pI )
sequences. Sonication cari reduce the molecular We|8 and/or of the‘'materials, such as

one or maiesiany tekehve nsardriakénies bfitye dhitoin (igry oekénymidieksarbo3 @t éifeysources, such as
cellulosic or lignocellulosic materials, or starchy materials.
lon Particle Beams

Particles heavier than electrons can be utilized to irradiate materials, such as
carbohydrates or materials that include carbohydrates, e.g., cellulosic materials,
lignoceiiulosic materials, starchy materials, or mixtures of any of these and others described
herein. For example, protons, helium nuclei, argon ions, silicon ions, neon ions carbon ions,
phoshorus ions, oxygen ions or nitrogen ions can be utilized. In some embodiments, particles
heavier than electrons can induceé higher amounts of chain scission (relative to lighter
particles). In some instances, positively charged particles can induce higher amounts of
chain scission than negatively charged particles due to their acidity.

Heavier particle beams can be generated, ¢.g., using linear accelerators or cyclotrons.
In some embodiments, the energy of cach particle of the beam 1s from about 1.0 MeV/atomic
unit to about 6,000 MeV/atomic unit, e.g., from about 3 MeV/ atomic unit to about 4,800
MeV/atomic unit, or from about 10 MeV/atomic unit to about 1,000 MeV/atomic unit,

In certain embodiments, ion beams used to irradiate carbon-containing materials, ¢.g.,
biomass materials, can include more than one type of ion. For example, ion beams can
include mixtures of two or more (e.g., three, four or more) different types of 1ons. Exemplary
mixtures can include carbon ions and protons, carbon ions and oxygen ions, nitrogen ions and

protons, and iron ions and protons. More generally, mixtures of any of the 1ons discussed



WO 2010/093832PCT/Il 82010/023962 25 In one method, a first material that includes cellulose
having a first number average molecular weight (MO is dispersed in a medium, such as water, and
sonicated and/ar otherwise cavitated, to provide a second material that i $ Hﬂg&e having a
second num%grzgi\'/)éﬂr%ﬁgszézmolecular weight (MN2);lower than the first nurrpiglgﬁgvgsr;‘gge molecular
weight. The second material (or the first and second material in certain embodiments) can be
combined with a microorganism (with or without enzyme treatment) that can utilize the second and/or

first matesiabio (pradyeena:fitekihat is:aisidakdem hyddagen, ian Woekolnanakgdniadeidya hydrocarbon
or mixtureg of any, of these. Since the.second material has cellulose, having a reduced molecular
Sioe s i ; o

. f tarrlﬁl r{clatl e avier 10ns can e used ua s nale on bearm,, =
weight ref: rst’material,”and’in Some Instances, a reduced crystallinity as well, the second
material is gendrafiynmersbdiSpersiblen daetialie jmntiitng chalidal adolistionitochairlimgihe

microoragpising f A GSEAINNLO Al AN AR IRIeRtoR inmslty dgseroperties

make the second material more susceptible to chemical, éenzymatic, and/or microbial attack relative to
the first ntaeripmintsichatdn gpciaty iprbrovEuHensPYd BREREh FATECRAENST PHARGBHBRSIOVERER a desired
product, &g, gihanckorRNiERIRLEANAISaSierlizeiths materalsibutishowd nakhenysed while the

microorganisms are supposed to be alive. In some embodiments, the second number average
moleculafWEEHEINAS) W ibRrtRiTeia hrdtamberaBisase o eirFWAHRENMNG by more than

about 10 peiaest-ehdrgddiodd b2k 3hdmidiily50 pertentidhgeresnthar sypethorentiainabout 75
percent. . . In some instances, the second materi%l has cellulose that has as %ra;{stallinity (C2) that is

lower thalT A BAAIAHINE TES BYIRE CORITESE e St AT RS EEMBIE E2) can be lower
than (COdnyimarnetinan about 10 percent, e.g., 15, 20, 25, 30, 35, 40, or even more than about 50

percent. _ a1 SRTeEMbadments. he,arincyaallniy inde {0l fe.seRiEaliag) is from about 40

to about 87.5 percent, e.g., from about 50 to about /5 percent or from about 60 to about 70 percent,
and the cepstatiniopindegafrelysdnicat opniscio cibu X T teapleuwtBapeleshtrzed., from about 15 to

about 45 percent, @5fio,a %ﬁa%mpmtfé@@@&f@hﬂ%ﬂ/%@ﬂ&%@i%ﬂmﬂiments, e.g., after

extensive Sonication, it is possible to have a crystallinity index of lower than 5 percent. In some
embodimeREEMHEHHEESHAIARRE sBRIRSTAPNTS SHIFEEHEL AR ABLS N [9%S0 A% embodiments, the
starting nRARRAYEIAES MalastHariweight (Rriarutal senisatinm)is frarpeabest BA00E0 to about

3’200’00%62'21 1%6&%2@1&?‘2&? }o%g(g'e ggetghgg?gtlly as Lewis base moieties when exposed to
materials, causing anionic ring-opening chain scission reactions in a reducing environment.

In some embodiments, beams for irradiating materials can include neutral atoms. For
example, any one or more of hydrogen atoms, helium atoms, carbon atoms, nitrogen atoms,
oxygen atoms, neon atoms, silicon atoms, phosphorus atoms, argon atoms, and iron atoms
can be included in beams that are used for irradiation of biomass matertals. In general,
mixtures of any two or more of the above types of atoms (e.g., three or more, four or more, or
even more) can be present in the beams.

In certain embodiments, ion beams used to irradiate materials include singly-charged
ions such as one or more of HY, H', He', Ne&*, Ar', €', ¢, 0, O, N, N, 8i', Si", P", P, Na',
Ca', and Fe'. In some embodiments, jon beams can include multiply-charged ions such as
one or more of Cz"'s C3+, ct N N N, O, 07, 022', Si%', si**, 8%, and Si*. In general,
the ion beams can also include more compiex polynuclear ions that bear multiple positive or
negative charges. In certain embodiments, by virtue of the structure of the polynuclear ion,
the positive or negative charges can be effectively distributed over substantially the entire
structure of the ions. In some embodiments, the positive or negative charges can be

somewhat localized over portions of the structure of the ions.



WO 2010/093832PCT/US2010/023962 26 1,000,000 or from about 250,000 to about 700,000, and the
number average molecular weight after sonication is from about 50,000 to about 200,000, e.g., from
about 60,000 to about 150,000 or from about 70,000 to about 125,000. However, in some

embodiment®, &2 Y8t extensive sonication, it i, possible to have a nuribéfav&étédttolecular

weight of less than about 10,000 or even less than about 5,000. In some embodiments, the second
material can have a level of oxidation (02) that is higher than the level of oxidation (01) of the first

material. A highgri@yps ef-2xeatiqmat fhematerial can aid in its dispersability, swellability and/or
solubility, further enhancing the material's susceptibility to chemical, enzymatic or microbial attack. In

some embodimdREM eSS thiqhabe iGrdekio aTtRBTthe itk slstomassats reftento the first

material, the genicatipnds PeHRIBEdNRANOXIiZine MediumoRiogHEIRERSesR G Matsral that is more
oxidized t%an e first material. For example, the second material can have more hydroxyl groups,

aldehyde GEBus Retbte GrolH L8 dibup? ol aPbSXHESRIE Gravipe, SVhidR WfASincrease its
hydrophilieitpodimdmntsomelemabadimentsa dheisonisatier:mpdiphtsnan eaweausohadiuny, If desired, the
medium can igg@%gﬂa{qﬂxi g EES&I.CQE%Se c_:&groxide gei%diga/dro en pero ide), a dispersing agent

€.¢., an magnet ORh CHn B
and/or a Bilffer. Examples of dispersing agente maude jonie disperéing agehte @, g5 s&dium lauryl

sulfate, agtewiontienitidpersintagents) e lg., 96ly6thy16fe glyeal)greatarothéd@ibddiments, the
50”ica“°%d&%%@b&ﬁrﬂ&ﬂgﬁﬁ%%%ﬁ%ﬁ&%ﬂ%ﬁﬂﬁhﬁg’3%%5?;&?8%%&%@85’6@%& fypydrocarbon,

e.g., toluene or heptane, an ether, e.g., diethyl ether or ter uran, or even in a liquefied gas such
as argon,%ﬁ@n,b@F‘ﬁ‘?ﬁ%é}%n.‘:‘PWoI%is One or more pyrolysis processing sequences can be used
to process carbon-containing materials from a wide variety of different sources to extract useful
substances fronD#esnaterials, and to provide partially degraded materials which function as input to

further processiqlg steps apdlor sequences,. . In ane example, a first material that includes cellulose
having a First num%)érrlga?/neiggglemﬁwno &Eﬁlgrr%g‘lté?ﬁ%w i }”8?5%%31, Seo.lér.c, (3)7 ﬁecgﬁlrt?énﬁ%?if) t material in a
tube furnaeer¢is kifepprosendarcil dbsontwiolf rgigen), dosprovitdeatded Miahaterial teattihdludes

cellulose Rayinga:3ecord pumharayeraasmoleaiat vaidAMNG), lower dhandne flstpumber
average molecular weight. The second material (or the first and second material in certain
irradiating is performed until the material receives a dose of between 1.0 Mrad and 6.0 Mrad,

e.g., between 1.5 Mrad and 4.0 Mrad.

In some embodiments, the irradiating is performed at a dose rate of between 5.0 and
1500.0 kilorads/hour, e.g., between 10.0 and 750.0 kilorads/hour or between 50.0 and 350.0
kilorads/hours.

In some embodiments, two or more radiation sources are used, such as two or more
ionizing radiations. For example, samples can be treated, in any order, with a beam of
electrons, followed by gamma radiation and UV light having wavelengths from about 100 nm
to about 280 nm. In some embodiments, samples are treated with three ionizing radiation

sources, such as a beam of electrons, gamma radiation, and energetic UV light.

Sonication

One or more sonication processing sequences can be used to process materials from a
wide variety of different sources to extract useful substances from the materials, and to
provide partially degraded organic material (when organic materials are employed) which
functions as input to further processing steps and/or sequences. Sonication can reduce the
molecular weight and/or crystallinity of the materials, such as one or more of any of the
materials described herein, e.g., one or more carbohydrate sources, such as cellulosic or

lignocellulosic materials, or starchy materials.



WO 2010/093832PCT/US2010/023962 27 embodiments) is/are combined with a microorganism (with
or without acid or enzymatic hydrolysis) that can utilize the second and/or first material to produce a
fuel that is or |(r)jc!3udes hs)édrogen an alcohol (e.g., ethanol or butanol, such asn-, sec or t-butanol), an
organic aC|d ﬁ rocarbon or mixtures of any of these. Since the sec%n/gsm KA Has cellulose
having a reduced molecular weight relative to the first material, and in some instances, a reduced
crystallinity as well, the second material is generally more dispersible, swellable and/or soluble in a

solution containin@ibenmiLrQer ganisatefagthatiactanreesirationol-gieatesthamideyaiesgorganisms/mL
These prn[i)qrtlels mak 2& co d mat rial moge susce tible to che%ucaj e (g n@tlc and/or microbial
g OHCCTELE, flél

attack relAtRE TS HE S WAt st RS Sah Gresty |§Hﬁr0\§évﬁ%81 EHeHS fid/or production
level of adbsivest paedeict], eogwcemldambdaydak}amebimaalsmlsm@ﬁdmammgdt sagodd materials.

I some SbgdmENs: 16 SERNAIITARL SIABRIMAIEHAT NGO NA i jgngihan the frs

number average mo ar weight more an a out 18 percant (5 25, 30, 35, 40,
50 pememe@tpé"ﬁtfewqmdévéﬁrmkﬁ@ thafirabngtseeopérperseial in Ws‘@immhgt%m@ts) the Becond

material Q%asﬂ@a%a%&&aagam%@ﬂ%&%&&ha& Querihamhecrustallinityn(C1) of the

cellulose of the first material. For exam(%\; (C2) can be lower than (C1) by more than about 10
percent, §§onfend(pr Justapaigralle Rp@GER ﬁ%@r@%wa%m@@ £ an algphghiél embodiments,

the startingdenistaiiityh (iarsatodRysPISIg)riS HMﬂy&hQu&éO to about 87.5 percent, e.g., from about 50
to about 75 percent o from a&out 60& abo t 70 Eﬁercent ar%d thﬂe rystallinit |nde>§%fter(gyrolysis is

from about 10 t %% S REFCRRICE G S UA%(S" A B ARG B RS SBSEE20 to about
40 percenbeHiowemeniah eadtaincambodaments, redgecditersettaitsiue pyilolsisdbid passiblasto have a

crystallni (e SLIGVRLIANE ReLsEnt, N aame eRpadiments, e mefra)afer pyrolysio s
substanti yam ous. n"some embodiments, t e starting number average molecular weight

(prior to pyielgsisyisiorEabblice0B000.0 abegaEr de@f)ﬂeft}joofmmsaﬁénwg@lwo to about

1,000,000,0p. 00 ARRERIAAAA 12 ARRNAAOHAARK theumieTAYaiade mpiesular weight after
pyrolysis is from about 50,000 to about 200,000, e.g., from about 60,000 to about 150,000 or from

about 70,0008 ﬁa&e@@%w%&%%mﬁ%h@% (GRIFRSHeS BT Va sy production Tate

and/or production level of a desired product, e.g., ethanol. Seonication can also sterilize the
materials, but should not be used while the microorganisms are supposed to be alive,

In some embodiments, the second number average molecular weight (My;) is lower
than the first number average molecular weight (Myy) by more than about 10 percent, e.g.,
15, 20, 25, 30, 35, 40, 50 percent, 60 percent, or even more than about 75 percent.

In some instances, the second material has cetiulose that has as crystallinity (C,) that
1s lower than the crystallinity (C1) of the cellulose of the first material. For example, (Cy) can
be lower than (C;) by more than about 10 percent, e.g., 15, 20, 25, 30, 35, 40, or even more
than about 50 percent,

In some embodiments, the starting crystallinity index (prior to sonication) is from
about 40 to about 87.5 percent, e.g., from about 50 to about 75 percent or from about 60 to
about 70 percent, and the crystallinity index after sonication is from about 10 to about 50
percent, e.g., from about 15 to about 45 percent or from about 20 to about 40 percent.
However, in certain embodiments, e.g., after extensive sonication, it is possible to have a
crystallinity index of lower than 3 percent. In some embodiments, the material after
sonication is substantially amorphous.

In some embodiments, the starting number average molecular weight (prior to

sonication) is from about 200,000 to about 3,200,000, ¢.g., from about 250,000 to about



WO 2010/093832PCT/US 010/023962 28 extensive pyrolysis, it is possible to have a number average
molecular weight of less than about 10,000 or even less than about 5,000. In some embodiments,

the second materia} can have a level of oxidation (02) that is higher than the level of oxidation (0) of
the first matSHAr A ﬁ?&ﬁ@r level of oxidation of the.material can aid in its g@g@?ﬁﬁ"ﬂ%g@vellability

and/or solubility, further enhancing the materials susceptibility to chemical, enzymatic or microbial
attack. In some embodiments, to increase the level of the oxidation of the second material relative to

the first magediabdlhe Rykolysis ESpFONEShIR 200 OXEliZiR0 IR WA et RIoRURIRG A werand material
that is morg oxidized than. the fjrst materjal. For e , the second material can have more hydroxyl
groups, af&%ﬁgq/%fgc&}i?%%%@ﬁkglﬁr%%ﬁ@ @s?gf”ﬂ%@@@r %gr‘o%?(% g&Bﬁ%@Pﬁfﬁ%%ﬁﬁ% can increase
its hydr_optﬁﬂ;ﬂt)ja or frdms_bnge”,émb()dmnbmslﬂﬂm@&rd{ys&_s»@hthmmmaisdmmimgquﬁehn other
embodlmeeﬂgs Sthe mate{.lal |1§bgyr8§\élzbqg tfoga% ﬁpre-de{)ermlned time, a d thenﬁe*lloc%vi/e%g 0 coot for a

SIVC SONICATL00, ? d I eba\far a§€ ar WCl%n i1 .
second pre-detcrmined time betore pyrolyzing again. Oxidation ne or more oxidative processing

sequencededn B8 1Psad tenprse duw carvo A-¥htaining materials from a wide variety of different
sources to extragt iseful fihsiancesHiramdhe Mmatghials, and oiprevide nastisliy@saragsd and/or

altered material which functions as input to further processing steps and/or sequences. In one
method, &Rt hatehalsrsaheridrivadiiicdshedimgnatiira ndnisdicalrarh§é arrsian af Weight (MO

and havingae:Hest@Xyem fOaign{BR1is oxiciaesllie: andy BeRUNGthRfiist Paiatiakima stream of air or
oxygen-enriched air, to pmm a;gcon material that inclté(@s cellulgse having a second number

i ide
average MBIEEIASWSRENPININS) AREHSAY P REC Sh A §8h A8 el @ AfAtthe first oxygen

content (@).increase the level of the oxidation of the second material relative to the first material, the
sonication is performed in an oxidizing medium, producing a second material that is more
oxidized than the first material. For example, the second material can have more hydroxyl
groups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can
increase its hydrophilicity.

In some embodiments, the sonication medium is an aqueous medium. If desired, the
medium can include an oxidant, such as a peroxide (e.g., hydrogen peroxide), a dispersing
agent and/or a buffer. Examples of dispersing agents include ionic dispersing agents, e.g.,
sodium lauryl sulfate, and non-ionic dispersing agents, .g., poly(ethylene glycol).

In other embodiments, the sonication medium is non-agueous. For example, the
sonication can be performed in a'hydrocarbon, e.g., toluene or heptane, an ether, ¢.g., diethyl

ether or ictrahydrofuran, or even in a hquefied gas such as argon, xenon, or nitrogen.

Pyrolysis

One or more pyrolysis processing sequences can be used to process carbon-containing
materials from a wide variety of different sources to extract useful substances from the
materials, and to provide partially degraded materials which function as input to further
processing steps and/or sequences.

In one example, a first material that includes cellulose having a first number average
molecular weight (M) 18 pyrolyzed, e.g., by heating the first material in a tube furnace (in
the presence or absence of oxygen), to provide a second material that includes cellulose
having a second number average molecular weight (Mnz) lower than the first number average

molecular weight. The second material {or the first and second material in certain



Such materials can also be combined with a solid and/or a liquid. The liquid and/or solid can include a
microorganism, e.g., a bacterium, and/or an enzyme. For example, the bacterium and/or enzyme can

work on the %jeél%qg&%ggnocellulosic material to produce a file!, such as ethanol, or a coproduct,
such as a protein. GBI and coproducts are desgrbed in FIBROUS MATERTAPBIRRES 62

COMPOSITES," USSN 11/453,951, filed June 15, 2006. The entire contents of each of the foregoing
applications are incorporated herein by reference. WO 2010/093832PCT/US2010/023962 29 In

some embgtlivdents;shie/ secortbnuMRh aveiase Fasies Warmeidhtisinetimerendymarcent lower than
the first number average molecular weight, e.g., not more than 95 percent, 90, 85, 80, 75, 70, 65, 60,
55, 50, 4§yi%g]§8s)z%a%%%ujti%zﬁ .g‘?q‘g’éﬂg 3".@%%%%%?3%1 JP REYHHGTE ?H%H?ftdsdgrcent lower than
the first numbgeavetagenmletwlas! ieightthtid antatmbbistet ustioysef snoleeutan waight will depend
upon the 82%%%%' 5%5 (%(?a%%l b%n I ﬁ}% Sporgfle}rrgglﬂ(;:mbodiments that provide composites, the

i 0 t

second number average molecular weight is su%’gfantl_aﬁfy?'the same as the first number average
molecular weightnpestiseseepylivativis hev et labsnkinegatnetwokd manothler fusbrrebpraduct, a higher

amount ofypelreHiACWEIARE tdustianss.gener b Pieepedinity It SUNGRMRAHIMEents;:n which the

materials are used to make a fuel or a coproduct, the starting number average molecular weight (prior
to oxidatiGHy B MBS Sotre abls ind/ont wbls, i ysofrsien98t8H588 100 to about 1,000,000 or

from abouh2eéhRR6iten a7 aRd e Aumber AVRTage-releay i dyeight after oxidation is
from about 50,000 to @b&ut 20%,%%00, eg&, from about b%c‘)r%oo to about 150,000 or from about 70,000 to
D OSfter©

about 128685 5B WEVEI3E8 ERies ey SRR ARG Y%0Ts possible to have a
number avecageahnotedulentiveighthoffies snthamab raiitd 640 QPcaiteirapriessibarvabalins000. In
some embogdli t cang oxygen, content is at least ut five percent higher than the first
oxygen cgﬁgﬁgggﬁég%sg&%g%? r%%ré’ﬁi o) %é?i%h?t ?’8 gﬁ?gf%se?ggrﬁ Olaﬁglglzfé% percent higher
or 17.5 pdisenntighenrd matemals.preferred embodiments, the second oxygen content is at least about

20.0 percent highel AR e RVBEBEoRI S RINE ik Baletink QUERMIONRN isneasured by

elemental analysis by pyrolyzing a sample in a furnace operating at 1300°C or ﬁlgher. A suitable
elemental 3 BFiHBPE B e HREcoslo s A Myt Py W ben e dmperatueepyrolysis

furnace. 15, Genaraly 3exidatioReteilCHAIAEBHSIH ambRXZIRELENYY gRmeRt. For example, the
oxidation can be effected or aided by pyrolysis in .an oxi(ili ing environment, such as in air or argon
g

enriched in air. T8 SR 6 H SRCVKHBES i Cal Bgshtbe iy s sstrimiE, Geidi®r bases can
be addeditddhverniatethaldpyicsltimioy diining thxictatids:fof thxd@mpleatarpdraidextengle henzey peroxide)
can be adbdc:elcci)\%{‘qﬁég @( 1@@?&%}'6 than about 10 percent, ¢.g., 15, 20, 25, 30, 35, 40, or even more
than about 50 percent.

In some embodiments, the starting crystallinity (prior to pyrolysis) is from about 40 to
about 87.5 percent, e.g., from about 50 to about 75 percent or from about 60 to about 70
percent, and the crystallinity index after pyrolysis is from about 10 to about 30 percent, ¢.g.,
from about 15 to about 45 percent or from about 20 to about 40 percent. However, in certain
embodiments, e.g., after extensive pyrolysis, it is possible to have a crystallinity index of
lower than 5 percent. In some embodiments, the material after pyrolysis is substantially
amorphous.

In some embodiments, the starting number average molecular weight (prior to
pyrolysis) is from about 200,000 to about 3,200,000, c.g., from about 250,000 to about
1,000,000 or from about 250,000 to about 700,000, and the number average molecular weight
after pyrolysis is from about 50,000 to about 200,000, e.g., from about 60,000 to about
150,000 or from about 70,000 to about 125,000. However, in some embodiments, ¢.g., after



Some oxidative methods of reducing recalcitrance employ Fenton or Fenten-type chemistry. Such
methods are disclosed, for example, in U.S. Provisional Application No. WO
2010/093832PCT/US2010/023962 30 61/139,473, filed December 19, 2008, the complete disclosure
of which is ir}ggrf)%?é{}ge}g%erein by reference. xemplary oxidants inclﬁﬁgBWf %uch as
hydrogen peroxide and benzoyl peroxide, persulfates, such as ammonium persulfate, activated forms
of oxygen, such as ozone, pemaanganates, such as potassium permanganate, perchlorates, such as
sodium pexehleraiey ankRyRAChiRites isHshcassatitiBnechinsigidhausgheldlleash).  In some
situations, pH i? intained aLor belcijw ahout 5.5 during contact, such as between 1 and 5, between 2
and 5, beﬁﬁ%‘étn g@ﬁﬁa%’e& BathaRA°88be’3%nd 5. Conditions can also include a contact period of
between 2 and 12 heuwrspéglihetisatn dand ddiboursanhbeiweeripacd BHaUlS, JAhsome instances,
conditions. include ngt exceedin 0 C.e.0.. hotexceeding 250Q..200, 150, 100.or 50 C. In special
desirable%ﬁ%tgih%leag,ﬁﬂﬁezet‘é%noggfg%%eg?ggQiqn)gtgﬁlgleg gn ?a?@%m%?gﬁzhmé%ﬁ %?g(‘)?xé %hotn -0213 C.
some desiratsiaabpabouimatitdihresepidivr snetatvkidantioae applizdftotefirsheativiptic or

lignocellulgsie-materal Andith SRS MUS COMRAYNAR ABi% JAZISURNBR LY ISNRIAIRG gZone in-situ

by irradiating the first celluloSic or lignocellulosic material and the one or more compounds through air

with a bedPRretsabsdrys! efiths asidiben ohhe scepdrpfeninreladitats dhe Mtsbainisits e first cellulosic or
lignocellujgsiaynateiatisriksthn disparser It walel A RMERNS edilihihatinglkde sithe one or

more compounds dispersed and/or dissolved therein, water is removed after a soak time (e.g., loose
and free WAY ]rz?éf Fg?ﬂéﬁ%aiﬁmﬁf?gﬁbnﬁoéﬁﬁafﬂgﬁ’tﬁ@ AT PRGOS e BHHERYS the

groups, aldehyde groups, ketone groups, ester groups or carboxylic acid groups, which can

In

increase its hydrophilicity.
In some embodiments, the pyrolysis of the materials is continuous. In other
embodiments, the material is pyrolyzed for a pre-determined time, and then allowed to cool

for a second pre-determined time before pyrolyzing again.

Oxidation

One or more oxidative processing sequences can be used to process carbon-
containing materials from a wide variety of different sources to extract useful substances
from the materials, and to provide partially degraded and/or altered material which functions
as input to further processing steps and/or sequences.

in one method, a first material that includes cellulose having & first number average
molecular weight (My) and having a first oxygen content (O,) is oxidized, ¢.g., by heating
the first material in a stream of air or oxygen-enriched air, to provide a second material that
includes celluiose having a second number average molecular weight (Myz) and having a
second oxygen content (Oy) higher than the first oxygen content (O)).

Such materials can also be combined with a solid and/or a liquid. The liquid and/or
solid can include a microorganism, e.g., a bacterium, and/or an enzyme. For example, the
bacterium and/or enzyme can work on the celiulosic or lignocellulosic material to produce a
fuel, such as ethanol, or a coproduct, such as a protein. Fuels and coproducts are described in
FIBROUS MATERIALS AND COMPOSITES,” USSN 11/453,951, filed June 15, 2006.
The entire contents of each of the foregoing applications are incorporated herein by

reference.



combination as a gas, such as by generating ozone in-situ by irradiating the first cellulosic or
lignocellulosic and the one or more compounds through air with a beam of particles, such as electrons

(e.g., each hein 0g;lé:cgeslgsrated by a potential difference of between 3 MeV a%j 1(2) M%E/ 9:6§oaking can
open up intefior po/ﬂonszto oxidation. In somg,embodiments, the mixfire héRIde& 8He or more

compounds and one or more oxidants, and a mole ratio of the one or more compounds to the one or
more oxidants is from about 1:1000 to about 1:25, such as from about 1:500 to about 1:25 or from

about 1:100 to ahqeink 2bbodiniBnsone desiiablerearboeimenisidhgamidigie furfiendrchides one or
more hydro%uintcines,- }uch aséjlz,S-dirrﬂ)ethoxyrgdro?%i one %)MH ) antd/or 01: e oggnore“

benzoquiﬁ%r &e' U %1’2%2- "f%e%lgxff-f}ff-%?}%q |V181hg? W@ )’,Whl'%:lﬂrga PRicriRErERtron transfer
reactions SONES, 201 0F0ABREF2PEC FAURRA10/02306G2 .3 L.5, 10 sbme desifable, érhabdionants, the one or
more oxidants are elgctrochemically-gene inisitu. For example, hydrogen,peroxid d/or ozone
e el B R B R R & oo,

Reduce Redeltiraricaddetler Pighiondligerend wop dfthpppretessdeuhippatageaiph can be used
alone without A0y h 8 RHAEEARE S HeRE IRADOGIENHE LI FRMPINALOR MR AlY:Lhihe processes

described herein (in any order): steam explosion, acid treatment (including concentrated and dilute

acid treatitabifpURTiBYAl R Hus 8 B SiNunEReiRsRIOBINGHE A 'ERE SRgEhfE acids, such as

trifluoroacgligiagiehs base ikaatmentie:gel teatbuentidtihlisagronaediumiydimxigehfUV treatment,
screw extru%lion treatment (see, e.i%., U.S. Patent Application Serial No. 61/073,530, filed November

t
18, 2008 BORHTHEHERISI S RSSBHAIN RIHTSHIC liquids) and freeze milling (see, e.g., U.S. Patent
Application Seriah Nan6d#ellj#R9)s in which the materials are used to make a fuel or a coproduct,

the starting number average molecular weight (prior to oxidation) is from about 200,000 to
about 3,200,000, e.g., from about 250,000 to about 1,000,000 or from about 250,000 to about
700,000, and the number average molecular weight after oxidation is from abeout 50,000 to
about 200,000, e.g., from about 60,000 to about 156,000 or from about 70,000 to about
125,000. However, in some embodiments, e.g., after extensive oxidation, it is possible to
have a number average molecular weight of less than about 10,000 or even less than about
5,000.

In some embodiments, the second oxygen content is at least about five percent higher
than the first oxygen content, e.g., 7.5 percent higher, 10.0 percent higher, 12.5 percent
higher, 15.0 percent higher or 17.5 percent higher. In some preferred embodiments, the
second oxygen content is at least about 20.0 percent higher than the first oxygen content of
the first material. Oxygen content is measured by elemental analysis by pyrolyzing a sample
m a furnace operating at 1300 °C or higher. A suitable elemental analyzer is the LECO
CHNS-932 analyzer with a VTF-900 high temperature pyrolysis furnace.

Gengerally, oxidation of a material occurs in an oxidizing environment. For example,
the oxidation can be effected or aided by pyrolysis in an oxidizing environment, such as in air
or argon enriched in air. To aid in the oxidation, various chemical agents, such as oxidants,
acids or bases can be added to the material prior to or during oxidation. For example, a
peroxide (e.g., benzoyl peroxide) can be added prior to oxidation.

Some oxidative methods of reducing recalcitrance employ Fenton or Fenten-type -

chemistry. Such methods are disclosed, for example, in U.S. Provisional Application No.



PRODUCTION OF FUELS AND/OR OTHER PRODUCTS After one or more of the processing steps
discussed above have been perfollled on the biomass, the complex carbohydrates contained in the
cellulose and hemicellulose fractions can be processed into feonentablegg,&%F (Hg)'%l?
saccharificaw&zgir%ggesgg? as discussed above. ., After the resulting sugar solution as’%)een
transported to a manufacturing facility, the sugars can be converted into a variety of products, such as
alcohols, e.g., ethanol, or organic acids. The product obtained depends upon the microorganism
utilized apd/{he congitions-upesebiciberhieprosrssing REcty 6f These stepseandle performed, for
example, utilizing the existing equipment of the corn-based ethanol manufacturing facility.
Generallﬁefg}ﬂ%nrtifg{ﬁ’ﬁﬁilizes various microorganisms. The sugar solution produced by
saccharificationlbfcligriacetkidsic maietkialsrwiltigenechlly tpitaiangydosedesmidicasoglucose. It may be
desirable to remove the.xylose, e.g., by chrom oh u icroorganisms
(e.g., yea%?lésm oe%r%%%%s’kﬁ%%%g%%{&%%%g %%1‘%%/ e ggﬁ é%é%egd%?rrﬁdso L(?tP”IZ é|/1r]‘lf 5}%% n%%mufacture of
other produsts, rEgnatiersivectetersgliteliuThperyivsaigy sechorive dusHes .8 Epa@fter delivery of the
sugar solytion 1o, ihe, MAnNasiHng fachts Wheis Rieniaienuvikbe pesiormgd. WO
2010/093832PCT/US2010/023962 32 .  The microorganism can be a natural microorganism or an
engineered miBrsBRgAHIATO ORI MRz Mitf S5t Can P BBseatat R 4., a cellulolytic
bacteriunpea4sadUs £359 beB)RASt ardiapdtQieen I atisld 6 & bafwalgasoat PratdZoaehdifiengus-like

protist, e.g., a slime mold. When the organisms are compatible, mixtures of organisms can be utilized.
The micr§8PgaindRT Ean B HAS 8?88@?%%%“%3 r%%ge.ﬁlrﬁ%uf:ﬁ’igr%‘oﬁ el e lsl()Hif)srﬁlc‘)feimentative

anism can be a
microorgawaisrefor adi Gds arsingleoransuhstantialliitgingledhnit productydinbe Mhittoerganism can be a

homoacetogenjc microQrga & homalactic microprganism, a propionic acid bacterium, a butyric
acid bactgﬁ%ﬁ%%%c@ci%@ ’aﬁll ?gg%t(gr%am%rt{g éP(i%/d r%%ilrﬁ'rg(?%:%ﬁtl%n%cﬁﬂt%eatg%ﬁﬁ&%t?he microorganism
can be ofrangenus:setatiald, faoridhe geoupClostridl0s EGctobacillus, Moorella, Thermoanaerobacter,

Proprionibacterium, Prcg)ionig er aer brgspilqiéllégn &r]dDBig%%ria%gEels.ll&ﬁs\%eﬂtlilgtinstances, the
microorganism ARG ErdStidiamm Tormicozceticlm, ostridium ‘utyrlé)@m, oorelia thermoacetica,
Thermoakakubibactelikhasi hdetobasitis dedshekiin Rropiokibemtenads acidipsopionici YPropionispera
arboris, Apagiahiesniliun sHeeInGRIRHGSRS siaclerindee ATMGRAILS R Sacieriadgeiminicola. For

example,%ﬁ% microorganism can be a recombinant microorganism engineered to produce a desired
product, suctraEIertseatpdindnthEsierchishcolicrmriomisk witrbAR &It genes capable of

encoding proteirg f@ﬁi&i&?Qfe&lﬁ%méQ@mﬂ&ﬁgh@f%ﬁém@gmgﬁd&ﬁd@@%@@msS- Pat. No.
6,852,517, issued Feb. ) )
firstly dispersed in water or an aqueous medium that includes the one or more compounds

dispersed and/or dissolved therein, water is removed after a soak time (e.g., loose and free
water is removed by filtration), and then the one or more oxidants are applied to the
combination as a gas, such as by generating ozone in-situ by trradiating the first cellulosic or
lignocellulosic and the one or more compounds through air with a beam of particles, such as
clectrons (e.g., cach being accelerated by a potential difference of between 3 MeV and 10
MeV). Soaking can open up interior portions to oxidation.

In some embodiments, the mixture includes one or more compounds and one or more
oxidants, and a mole ratio of the one or more compounds to the one or more oxidants is from
about 1:1000 to about 1:25, such as from about 1:500 to about 1:25 or from about 1;100 to
about 1:25.

In some desirable embodiments, the mixture further inchudes one or more
hydroquinones, such as 2,5-dimethoxyhydroquinone (OMHQ) and/or one or more
benzoquinones, such as 2,5-dimethoxy-1,4-benzoquinone (DMBQ), which can aid in electron

transfer reactions.



8, 2005). Carboxylic acid groups generally lower the pH of the fermentation solution, tending to
inhibit fermentation with some microorganisms, such Pichia stipitis. Accordingly, it is in some cases
desirable to add base and/or a buffer, before or during fermentation, to bring up the pH of the solution.
For example bt Eroxide or lime can be a ded to the fermentation ¥hédititi i & zate the pH of
the medium to range that is optimum for the microorganism utilized. Fermentation is generally
conducted in an aqueous growth medium, which can contain a nitrogen source or other nutrient

source, €.g., ref, QIRRANHIEIRIRS AR AR BHDSIAS ANl mails< LS os0RiAly peferable that the

growth medium be sterile, or at least have a low microbial load, e.g., bacterial count. Sterilization of the
growth mESITFAHAY & a EQoiHaMe i msy R RE Wi HiaAfE 0998w @IdK RicsiorsharisHilementations,
sterilizatiofridiredanmplisheddmcivadiating thesgrowth medium or the individual components of the
growth medium prior to mixing. The dosage of radiation is generally as low as possible while still WO
2010/093832PCT/US2010/023962 33 obtaining adequate results, in order to minimize energy

CONSUMPtOthan® recuERg 00 Sendi 2@ RBu e ReNRsaNees e $eNihdnsgiam itself or
components of the gg&wth medium can_ be treated with a radiation dose of less than 5 Mrad, such as

less than 4, 3, 2/ 0PN R ESEt R RARELP kra Jrowe Herruiihe tteaicef WRIPERERSES of between
about 1 aries&braterelt) GHEREMBQEIMENTSy of 1 purhesefkembeimenisinane haen.described.

coit and Seon o R e B oL ARG SURGT S L AN SR bpe of he
following ehiesl acids, such as sulfuric acid, hydrochloric acid and organic acids, such as

trifluoroacetic acid), base treatment (e.g., treatment with lime or sodium hydroxide), UV

treatment, screw extrusion treatment (sce, e.g., U.S. Patent Application Serial No.

61/073,530, filed November 18, 2008, solvent treatment {e.g., treatment with ionic liquids)

and freeze milling (see, e.g., U.S. Patent Application Serial No. 61/081,709).

PRODUCTION OF FUELS AND/OR OTHER PRODUCTS

After one or more of the processing steps discussed above have been performed on
the biomass, the complex carbohydrates contained in the cellulose and hemicellulose
fractions can be processed into fermentable sugars using a saccharification process, as
discussed above,

After the resulting sugar solution has been transported to a manufacturing facility, the
sugars can be converted into a variety of products, such as alcohols, e.g., ethanol, or organic
acids. The product obtained depends upon the microorganismm utilized and the conditions
under which the bioprocessing occurs. These steps can be performed, for example, utilizing
the existing equipment of the corn-based ethanol manufacturing facility.

Generally, fermentation utilizes various microorganisms. The sugar solution produced
by saccharification of lignocellulosic materials will generally contain xylose as 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, e.g., 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.



34 WHAT IS CLAIMED IS: 1. A method comprising: providing an irradiated lignocellulosic feedstock,
mixing the feedstock with a fluid and a saccharifying enzyme in a reactor to form a solution or
suspension, allowing the feedstock to saccharify, and during saccharification, limiting 5 the amount of
fluid added t th¥ T¥E&HEHBck so as to obtain a tota) sugar content in the sEETEHEIBHB2386kution of at
least 20% by weight in the reactor after sacchari%cation. 2. The method of claim 1 further comprising
transporting the solution or suspension after the feedstock has at least partially saccharified.

The microorganism can be 2 natural microorganism or an engineered DICroorganism.
For example, the microorganism can be a bacterium, e.g., a cellulolytic bacterium, a fungus,
¢.g., a yeast, a plant or a protist, e.g., an algae, a protozoa or a fungus-like protist, e.g., a
slime mold. When the organisms are compatible, mixtures of organisms can be utilized. The
microorganism can be an aerobe or an anaerobe. The microorganism can be a
homofermentative microorganism (produces a single or a substantially single end product).
The microorganism can be a homoacetogenic microorganism, a homolactic microorganism, a
propionic acid bacterium, a butyric acid bacterium, a succinic acid bacterium or a 3-
hydroxypropionic acid bacterium. The microorganism can be of a genus selected from the
group Clostridium, Lactobacilius, Moorella, Thermoanaerobacter, Proprionibacterium,
Propionispera, Anaerobiospirillum, and Bacteriodes. In specific instances, the
microorganism can be Clostridium formicoaceticum, Clostridium butyricum, Moorelfa
thermoacetica, Thermoanaerobacter kivui, Lactobacillus delbrukii, Propionibacterium
acidipropionici, Propionispera arboris, Anacrobiospirillum succinicproducens, Bacteriodes
amylophilus or Bacteriodes ruminicola. For example, the microorganism can be a
recombinant microorganism engineered to produce a desired product, such as a recombinant
Escherichia coli transformed with one or more genes capable of encoding proteins that direct
the production of the desired product is used (see, e.g., U.S. Pat. No. 6,852,517, issued Feb,
8, 2005).

Carboxylic acid groups generally lower the pH of the fermentation solution,
tending to inhibit fermentation with some microorganisms, such Pichia stipitis.
Accordingly, it is in some cases desirable to add base and/or a buffer, before or during
fermentation, to bring up the pH of the solution. For example, sodium hydroxide or
lime can be added to the fermentation medium to elevate the pH of the medium to
range that is optimum for the microorganism utilized.

Fermentation is generally conducted in an aqueous growth medium, which can
contain a nitrogen source or other nutrient source, e.g., urea, along with vitimins and trace
minerals and metals. It is generally preferable that the growth medium be sterile, or at least
have a low microbial load, e.g., bacterial count. Sterilization of the growth medium may be
accomplished in any desired manner. However, in preferred implementations, sterilization is
accomplished by irradiating the growth medium or the individual components of the growth

medium prior to mixing. The dosage of radiation is generally as low as possible while stili



3. The method of claim 2 comprising allowing substantially complete saccharification 10to occur prior
to transporting. 4. The method of claim 3 further comprising removing and/or denaturing the
saccharifying enzyme. 5. The method of any of the above claims, further comprising transporting the
solution or ngéb@H;%ﬁ%%a facility configured to gonvert starch, sucrose SFHETENPSMAizing a
microorganism, to ethanol. 6. The method of any of the above claims, further comprising transporting
the solution or suspension in a rail car tanker, tanker truck, or tanker vessel. 7. The method of claim 1

further compﬁﬁﬁ@a@q&v&%ﬁm%?Jf@éptmiﬁg{ﬁy'@&@f@%@ﬁﬁ»ﬁw% rEfgdnetaed egelaim 7

further comprising, detoxifying the solution or suspension. 35 9. The method of any of the above

claims furthEPeEniPAERY FeticrgtiseREh crdinee ibrther rpreserth plob iR g asiaedstock with
the fluid ang saeehadfig £AZNE: dose of less than 5 Mrad, such as less than 4, 3, 2 or 1 Mrad.

In specific instances, the growth medium is treated with a dose of between about 1 and 3
' Mrad.

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

disclosure. Accordingly, other embodiments are within the scope of the following claims.



5 10. The method of any of the above claims, further comprising mechanically treating the feedstock
to reduce the bulk density of the feedstock and/oiBicrease its surface area. 11. The method of
claim 10 wherein mechanically treating comprises performing a 10shearing process on the feedstock.
12. The method of claim 9, wherein reducing the recalcitrance comprises mechanically treating,
chemic%ﬁ&%ﬁn@:pyrolyzing, oxidizing or steam exploding the feedstock. 13. The
method of any of the above claims further comprising producing energy or a 15fuel from the solution or
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15.The method of claim 1, wherein the total sugar content is at least 40% b )
feedstock with a fluid and a saccharifying enzyme in a reactor to %)rm a solution or
suspension, allowing the feedstock to saccharify, and during saccharification, limiting
5 the amount of fluid added to the feedstock so as to obtain a total sugar content in the

suspension or solution of at least 20% by weight in the reactor after saccharification.

2. The method of claim 1 further comprising transporting the solution or suspension

after the feedstock has at least partially saccharified.

3. The method of claim 2 comprising allowing substantially complete saccharification

106 to occur prior {o transporting.

4. The method of claim 3 further comprising removing and/or denaturing the

saccharifying enzyme.

5. The method of any of the above claims, further comprising transporting the
solution or suspension to a facility configured to convert starch, sucrcse or lactose,

15 utilizing a microorganism, to ethanol.

6. The method of any of the above claims, further comprising transporting the

solution or suspension in a rail car tanker, tanker truck, or tanker vessel.

7. The method of claim 1 further comprising removing xylose from the solution or

suspension.

20 8. The method of claim 7 further comprising detoxifying the solution or suspension.



weight. 516.The method of claim 1, further comprising converting a product of saccharification to a
solid material. 17. The method of claim 16, furthes®omprising transporting the solid material to a
remote biofuel facility. 10 18. The method of claim 1, wherein irradiating comprises exposing the
feedstock to an electron beam.

8. The method of any of the above claims further comprising reducing the
recalcifrance of the feedstock prior to mixing the feedstock with the fluid and

saccharifying enzyme.

10. The method of any of the above claims, further comprising mechanically freatEng
the feedstock to reduce the bulk density of the feedstock and/or increase its surface

areda.

11. The method of claim 10 wherein mechanically treating comprises performing a

10  shearing prbcess on the feedstock.

12. The method of claim 9, wherein reducing the recalcitrance comprises
mechaniéally treating, chemically treating, sonicating, pyrolyzing, oxidizing or steam

expioding the feedstock.

13. The method of any of the above claims further comprising producing energy or a

15 fuel from the solution or suspension.

14. The method of claim 1 wherein the solution or suspension includes a surfactant.
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15.  The method of claim 1, wherein the total sugar content is at least 40% by

weight.

16. - The method of claim 1, further comprising converting a product of

saccharification to a solid material.

17.  The method of claim 186, further comprising transporting the solid material to a

remote biofuel facility.

18. The method of claim 1, wherein irradiating comprises exposing the feedstock

fo an electron beam.



