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to U S. Provisional Application Serial No. 61/151,695, filed February 11,
2009. Thewoanmlmsss2di scl osure of this provisional appli eatriuspolios23iver eby

i ncorporated by reference herein. TECHNI CAL FIELD This invention relates to
processi ng bi omass and products made therefrom BACKGROUND Vari ous

carbohydrates, suchQAC(THARIFYINGBIOMASSe erials, e.g., in

fibrous form are pm‘d‘uced—mm%antltles in a

nunber of applications. Ot gEsN¢RDRPPII@ATIONS Used once, and then
di scarded as waste, or are STnply considered to be waste materials, e.g.,
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l'ignocel lulosic materials, their uses, and applications have been described
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Publ i cati on No. 2007/0045456. T#(dENBCAL&I¥ANf acturing plants exist for

t he production of ethanol fromcorn. Such facilities are not adapted to
produce et hano om i cation No.
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U S. Patent Application No. 2003/ 0077771, "Process for producing ethanol,"
are each incorporated by referer@é%&gm their entireties. In addition,
U S Patent No. 7,35 1,559 "Process for producing ethanol,"” U S. Patent No.
7,074,603, "Pr %ﬁ@és $PbolpURMCIRY 28 LAANSIC Bﬂ@”%&%él%l&'il&'nﬂkérialsng" and U S
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applications. Often such materials are used once, and then discarded as waste, or are

quantities in a number of

simply considered to be waste materials, ¢.g., sswage, 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.
6,509,180, “Process for producing ethanol” are each incorporated by reference herein

in their entireties.



Generally, this invention relates to processes for converting a cellulosic
or lignocellulosic feedstock to a convenient and concentrated form which
can be easDIl2g1massgported and utilized, e.g., in an exi eCirng2emanedazrt uri ng
facility, for exanple a plant adapted2to manufacture ethanol from starches,
e.g., grains or corn, fromsucrose-containing materials, or from

| act ose-containing materials such as whey, to manufacture an internedi ate
or a product, e.g., energy, a fuel sSUMMARYhanol, a food or a material,
and transporting the converted material to the manufacturing facility. Such
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The processes di scl osed herein include saccharif cation of the feedstock,
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the recal citrance of the feedstock, befor r during saccharif cation. The
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conditions based on the neasur ignin content. Many o e met hods
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can be nore readily utilized by a variety of m croorgani snms, such as one or

nmor e hdrearetatge os therfedrstosk dport oapeate Iqoaiion cqr., wharbdhstleedsiogkas prodigedr ol ysi s

assi st anc r oduc sef .nroducts, such as enper.agy, fuels,. foods and
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et hanol, n-propanol —or n-butanol 2 sugars, biodiesel, organic acids (e.g.,
acet i ¢ raéycingthe resalditiance of Heifendstogly 810hgHENg wsphasdisatien. (Ide grocepy ot ei ns,
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acet i c deedrohirdng whether pretreatment is needed and under what conditions based on the
measured lignin content.

Many of the methods described herein can provide cellulosic and/or lignocellulosic

materials that have, for example, a lower recalcitrance level, a lower molecular weight, a
different level of functionalization and/or crystallinity relative to a native material. Many of
the methods provide materials that can be more readily utilized by a variety of
microorganisms, 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-propanol or n-butanol),
sugars, biodiesel, organic acids (e.g., acetic acid and/or lactic acid), hydrocarbons, co-
products (e.g., proteins, such as cellulolytic proteins (enzymes) or single cell proteins), and
mixtures of any of these. 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,



butyric acid, salts of a carboxylic acid, a m xture of carboxylic acids and
salts of carboxylic acids and esters of carboxylic acids (e.g., nethyl,

et hyl andwo-2proapysszest ers), ketones, al dehydes, al pha, betCa/useeanesvar ed
acids, such as acrylic acid and ol efifds, such as ethylene. Oher alcohols
and al cohol derivatives include propanol, propylene glycol, 1,4-butanediol,
1,3 -propanediol, nethyl or ethyl esters of any of these alcohols. O her
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aircraft, such as planes, e.g., having jet engines, or hellcoBters In
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m xi ng the feedstock with a | vent, such and an agent, such as
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generating plant or in a fuel cell plant.

In one aspect, the invention features a method including providing a cellulose-
containing cellulosic or lignocellulosic feedstock, mixing the feedstock with a solvent,
such as water, and an agent, such as an enzyme or acid, selected to saccharify the
cellulose, and transporting the resulting mixture. Suitable acids include mineral acids,
e.g., sulfuric acid or hydrochloric acid.

Some implementations include one or more of the following features. The
method can further include allowing at least partial saccharification to occur prior to
transporting, e.g., allowing substantially complete saccharification to occur prior to
transporting. In some cases, the enzyme is subsequently denatured or removed from
the solution. The enzyme may be denatured by, for example, heating the solution to 80°
to 90°C for about 5-10 minutes. Transporting can include transporting the mixture to a
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 solution. The enzyne may be denatured by, for exanple, heating the
solution to 80 to 900Cfor about 5-10 m nutes. Transporting can include
t ranspor twogotone3ssexture to a facility configured to comcents2eiaezsh (e. g.,
corn or grain), sucrose or lactose, u#ilizing a mcroorganism to ethanol,
e.g., a corn, grain, sucrose or |actose ethanol plant.Transporting may in
sone cases be by shipping in a rail car tanker, tanker truck, pipeline, or
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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 process on the feedstock. In some
embodiments, after mechanical treatment the material has a bulk density of less than
0.25g/cm3, e.g.,, 0.20 g/cm3, 0.15 g/cm3, 0.10 g/cm3, 0.05 g/cm? or less, e.g., 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 aspect, the invention features a composition, such as a sugar

concentrate, comprising about about 10-70 weight percent glucose, such as between 15

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



filling a neasuring cylinder of known volunme with a sanple and obtaining a
wei ght of the sanple. The bulk density is cal culated by dividing the weight
of the sawpleiovaesggeans by the known vol unme of the cyli na@emr/usroionkioe2
centinmeters. In another aspect, the ifvention features a conposition, such
as a sugar concentrate, conprising about about 10-70 wei ght percent

gl ucose, such as between 15 percent and 65 percent or between 20 percent

and 60 mecariylosajmuidh ag botwde oyl Begaesit vl abear 36 pelceas obbétram about
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conposition further 1ncludes a nitrogen source such as urea or peptone,
such asveightandRUKpaareantdy weighleen about 5 and 750 mM such as between
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i ncl ude a sur , such as™a non- I'C sur ant,” suc ol yet hyl ene
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nonool eate), an ionic surfactant, such as a cationic or an anionic

sur f actsagh as hatverpsratemit 7iscmMardedtmM oppetvasnddmMaaihm @ mMuthe as
sophor Oéo oqzitic{nhr% Qislo%cg}; ?9 sgﬁg#tgﬁggﬁ& asTet]ﬁ%l’l?J-?(;rﬁé%ﬁlggcttaﬁ'@%/ucgleaspr ovi ded,

for exampl'e, at a concentratron o ween a ercen y wei ght and
about Hpedsthglehe Blycokeoght estér ¢ .a pdigéthpRne gbeot (., ivlypedyeeiyleddysompitght and

about 4.0 percent by weight, or between about 0.25 percent by wei ght and
about 3nEneRlpFEhENEYNIGSHHRAEtANY S EC aTRERHATGA RIS U fActadeélone or nore
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150 ppm and/or an antibiotic such as tetracycline, such as at a
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PO PR S0 490 ATy U5 OB R Ut AEOh D
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of the following: a lipid, a mono-, di-, or triglyceride, 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 a concentration between 15 and 1000 ppm by
weight, e.g., between 25 and 500 ppm, or between 50 and 150 ppm.

In yet another aspect, the invention features a sugar concentrate made by
saccharifying a dispersion that includes between about 10 percent by weight and about
90 percent by weight of a cellulosic or lignocellulosic material, e.g. a waste paper
stream.

In a further aspect, the invention features a method that includes providing a
cellulose-containing cellulosic or lignocellulosic feedstock, mixing the feedstock with a
fluid, such as a solvent such as water and an enzyme selected to saccharify the cellulose,
and transporting the resulting mixture, such as by rail or truck, to a corn-based or
sugar-based ethanol plant 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



90 percent by weight of a cellulosic or lignocellulosic miterial, e.g. a
wast e paper stream In a further aspect, the invention features a nethod
t hat i nclwoesiopmsssedi ng a cel | ul ose-cont ai ni ng cel | ul 0SPCTAIS2010/023962

| i gnocel I ul osic feedstock, mxing the6feedstock with a fluid, such as a
sol vent such as water and an enzyne selected to saccharify the cellul ose,
and transporting the resulting m xture, such as by rail or truck, to a
cor n- baseryar augafor brsaple %ﬁch&d%@l orpinéldMohstmh aduthandror inidtiemotdiled e or
product. which can be, for exanp any one or nore of the products |isted
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manner bi |l e processi g equi pnent described inp U S. Patent
Appl i céqu%{’]%go&m fﬁYsbﬁzlp@a@Oe%% ¢ MRaar P ér‘%ﬁlredﬁaFesAH]ﬁ i cation No.
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ref erence angi ng a nol ecul ar ructure of a'material, as used herein,
nmeans tlntarhanqmltﬁlp@hcimmn Nal Wbdti87§1a59@nhefdhdisdoswesbdOwhithiaza of t he
structure. For ge change in the nolecul ar structure can include
changi HBCQI}H’QF%FGE %PE&EF Fe% ucture of the material, oxidation of the

material, *‘@tﬁﬁigfﬁg r?arﬁolé&ﬁﬁraﬂr%fcfﬁ% Gﬁyfn%{en% L gfled HERANGhOGs gﬁlﬁg& fiee

crystall|n|ty ging a surface area, changing a degree o
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al one or in any conbination, applied once or repeatedl Al l | i cations,
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porosity, changing a degree of branching, grafting on other materials, changing a crystalline
domain size, or changing an overall domain size. A change in 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.

All publications, patent applications, patents, and other references mentioned herein

or attached hereto are incorporated by reference in their entirety for all that they contain.



or attached hereto are incorporated by reference in their entirety for al
that they contain. DESCRI PTION OF THE DRAWNGS FIG 1 is a diagram

i1l ustratwogotome3ssazymati ¢ hydrol ysis of cellul ose to glParaseo10h38622 is a
flow diagramillustrating conversion df a feedstock to ethanol via
production and transport of a glucose solution. FIG 3 is a schematic

di agram of an et hanol manufacturing facility that has been retrofitted to
utilize the solutions and suspensions disclosed herein. DETAI LED
DESCRI PTI ON Cel lul osic and |ignocellulosic materials, such as bionmass
(e.g., plant biomass, anPECRIPZIONOF EHEDRAMWINGS cj pal waste bi omass),
can be processed to a lower level of recalcitrance (if necessary) and

conver tEG. il i$ ® dagRbiillubti RHHeahS ciAyatitio hydldse dficsli@dsdy geys@f exanpl e
herein. Systens and processes are described herein that use readily
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of these. Generally, if required, materials can be physically treated or
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pyrol ysjigiza i SheRM SAPLRFLRMNs ik cR/MENG&SES. a manufacturing plant
utilizing the processes described herein wll obtain a variety of different
feedstocks in the course of its operation. So f eedst ocks may be

rel atively honbgeneous in c 4 QFDE%&BJ;E&%IJ e a shipnent of corn cobs,
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animal protists (e.g., protozoa such as flagellates, agneboids, ciliates,
paper or mixtures of these. Generally, if required, materials can be physically treated or

processed using one or more of any of the methods described herein, such as mechanical
treatment, chemical treatment, radiation, sonication, oxidation, pyrolysis and steam
explosion.

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.

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, ¢.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 (¢.g., cellulose), for
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the process can further include removing such co-products. Removal may be performed
using an activated carbon, ¢.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 aqueous 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. Examples of cellulolytic
enzymes include: endoglucanases, cellobiohydrolases, and cellobiases (B-glucosidases).
Referring to FIG. 1, a cellulosic substrate is initially hydrolyzed by endoglucanases at
random locations producing oligomeric intermediates. These intermediates are then
substrates for exo-splitting glucanases such as cellobiohydrolase to produce cellobiose 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.
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CBS 134.56, Acremonium incoloratum CBS 146.62, and Acremonium furatum CBS

299.70H. Cellulolytic enzymes may also be obtained from Chrysosporium, preferably a
strain of Chrysosporium lucknowense. Additionally, Trichoderma (particularly Trichoderma
viride, Trichoderma reesei, and Trichoderma koningii), alkalophilic Bacillus (see, for
example, U.S. Patent No. 3,844,890 and EP 458162), and Streptomyces (see, ¢.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 will
depend on the process conditions and the feedstock and enzyme used. If 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.
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water added to the feedstock with the enzyme. The concentration can be controlled, ¢.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, e.g., one of those discussed above.

Solubility 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 to 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, ¢.g., 92, 94, 96 or 98 percent by weight sugar. Such a form can
be particularly cost effective to ship, e.g., to a bioprocessing facility, such as a biofuel

manufacturing plant. Such a form can also be advantageous to store and handle, easier to
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optionally nechanically treating the feedstock (step 110), before and/or
case 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, e.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, e.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
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(e.qg., effluent from paper processing) can also be used as fiber sources.
Bi omas$ergedRibErETialnordhebcaeb e aFisamet waste. Aside from virgin raw materials,

post-consumer, industrial (e.g., offal), and processing waste (e.g., effluent from paper
processing) can also be used as fiber sources. Biomass feedstocks can also be obtained or
derived from human (e.g., sewage), animal or plant wastes. Additional cellulosic and
lignocellulosic materials have been described in U.S. Patent Nos. 6,448,307, 6,258,876,
6,207,729, 5,973,035 and 5,952,105.

In some embodiments, the biomass material includes a carbohydrate that is or
includes a material having one or more -1,4-linkages and having a number average
molecular weight between about 3,000 and 50,000. Such a carbohydrate is or includes
cellulose (I), which is derived from (B-glucose 1) through condensation of B(1,4)-glycosidic
bonds. This linkage contrasts itself with that for a(1,4)-glycosidic bonds present in starch

and other carbohydrates.
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of providing a source of carbohydrateg (e.g., cellulose), for exanple,
protists, e.g., animal protists (e.g., protozoa such as flagell ates,
anoeboi ds, ciliates, and sporozoa) and plant protists (e.g., algae such

al veol at es, chl orarachni ophytes, cryptononads, euglenids, glaucophytes,
hapt ophytes, red al gae, stranenopiles, andviridaeplantae). O her exanples
i ncl ude seaweed, plankigﬂ4(e g., macropl ankton, nesopl ankton

m cr opl ankt/on, nanopl to pi copl ankt on, and fenptopl ankton),

phyt opl ankf on, bacteria (e.g., gram positive bacteria, am negat \ve
bacteria, fand extrefQphiles), yeast agqgﬁr m xt ures of e. In spne

I nstancgs 1 S . 9.,

t he ocea or on

| and. Al't ed from

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 household potatoes, 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, chlorarachniophytes,

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



Physi cal treatnment processes can include one or nore of any of those

descri bed herein, such as nechanical treatnent, chem cal treatnent,

i rradi at iw0,200009883at i on, oxi dation, pyrolysis or steam explus30i0n23962 eat nent
met hods can be used in conbinations o4 two, three, four, or even all of

t hese technologies (in any order). Wen nore than one treatnent nethods is
used, the nethods can be applied at the sanme tinme or at different tines.

Q her priggepiatcy.hathet baimgeesintte saamard gildnkediifesy. ahacdoplhtkags f eedst ock
may al so be used, alone or in corrbl nation with the processes_discl osed

her ei n.MERE aakwﬁvom@r% anlten, magonlpkian, picopleakien. Hedempiopirnktondw may be

i ncl ud r r e ssed above.
Al ter njjtilll})\[/% Y, Si&?lérad% %alrég%n p%ﬁ % Bgcrt%gdégfsaatgléﬂ%gﬁ%B%%r?dhgﬁélecal citrance
may be dxnehmplleabhs}\/@ehmand*/af metela‘s nﬁthtese |In seokenstases minwbhddoncancimisd ude

nmechani cal.l reat| t he bi oma s fee stoc ani cal treatments include,
f or eanﬁ?fﬂ gd% SPICPS: e B RS8R Jﬁ?da%ﬁfﬁh at%fhagpﬁﬂ@wam%ﬁ&wp. ng.
M 111 ngydray of MlaﬂaeAnfegfaneéq P krBad dAddd, n{mlobfanglonﬂmrbembltdméagﬁom
rotor/stator dry or wet miIling, or ofher types of mlling. her

mec hani wihretsystamyeng s largroicaldelry endywet attoresygieimsdi ng, cr acki ng, mechani cal
ripping or tearing, pin grinding or air attri ti on mlling. Mechani cal

treat mghty € A;tlel“ aRpRR§ous for "opening up,"” "stressing," breaking and
shatten—ng—ﬁrcﬂélm' r lignocellulosic materials, making the

cel lul ose ofPHyblealrwaaaﬁmlpsomeecaum@ﬁaé oht er nerccdtaing oS ioss Hewribedl/ or
reduction of crystallinit The open materials can al so be nore

suscepthicpiie sueh dxmaehanisal chty elﬁama%lé@atmwt,s}eﬁea@% SQNICYHE, PRI, cal
treat n ei ved,
e g 2%157% gelldg)g%g?ﬁ%% ] ye:aa e&h%ﬂ?qsu d@tchr?ge Qiedtlﬂ‘éoéﬁ%gﬁ&%g}?t@é thﬁe;éa” ng.
pul ver |fzsu1ngr evfencalhlm:fphesg techoslogicaliplagy otder)s dh‘bemmsatharh omesﬁea‘tmedst ock (e.g.
recycl ed terials,.or swtchgrass repar ed sheari ng
or shr mﬁw@a S e ? U&F%FW(?F applicdo s S&Hleqf%owéé%fé TR RSt éf b can be
phySI Caﬂrl)é/es&rs it @HarR¥ aQRG1clla RuBtUPE oft I16io Rl BEfce RV rﬁé?}l alkd GaLTaMIoREt hods,
e.g., chemcal treatnent, radiation, sonication, oxidation, pyrolysis or
st eam exph ocsmbmatl(anmthH@rpmmkmrdlxc@sb@'heneeat ed. This sequence can be
advant ageous, si nce m

eat ed nor e .of. th
Erearmont o QR PE B ki b sesriabd Bl ey Bnstifd R 11 e and,
t her ef Qé&lcﬂrincg@édu@ﬁg%ﬁéﬂaﬁ‘ﬁg dyQtefrditdiSded above. Alternatively, or in addition, other

processes for reducing recalcitrance may be included.



change the nol ecul ar structure of the material by nechanical treatnent. In
sone enbodi nents, the feedstock material is in the formof a fibrous

mat er i al ,warrdiomosdsani cal treatnment includes shearing topPexmss@ofeiver s of
the fibrous material. Shearing can belSperformed, for exanple, using a
rotary knife cutter. Qher nethods of nechanically treating the feedstock
i nclude, for exanple, mlling or grinding. MIling may be perforned using,
for exanpl e, MacHuwitat Troatmentdal | m 1, coll oi d m' I I conical or cone mll,
disk mll, edge mll, Wley mll or rlst m | di ng may be perforned
using, for JRARMFEasCH rgﬁtéﬁ%s Ghiipelede mﬁ?b@ﬂ@ﬁﬂ)ﬁ&@%ﬂngéb? P@aﬂaﬁ cReRdPck. or burr
gri nder, o o) C n or
ot hor _cl1esTanfed Tty BRIRICCIO IS oISV B R e (sl BERRE AL Ble°,
met hodshopeihgd®itieghany iwealude prlpemglpd)ﬁr buk arilling, haybier mitBhd) ooter/statt deppl y

pressure to the fibers, and_aif. attrjtion mllin Sui t bIe nechanlcal
t r eat mENVEt Fﬂﬁltnﬁe?r qtﬁ%%&‘é Oéﬁfyﬁl&g éﬂl?réﬁ?ﬁﬂd‘aﬁ%‘ fq%%enémﬁ §ds $HeS M ecul ar

struct yrgdgfs, Eﬁ@klhgerﬁééhg&‘éaﬂ ﬁpp@@gwt@aﬂang Be dechandcal diridohedliag. mat eri al
can be passed through a screen, e.g., aV|ng an average openi ng size of
1.59 nm or Il‘és@la(lmﬁlltﬁeaﬁmcﬂtt cag b@@@@ntagchl)s for rlopmm wrbGticssant,’Shregkiear i ng, or

ot her cal tre and eenln r e concurrently. For
exanpl g i S IR ary BROe TR R m B (TR upS G " o and
screen rhateriflsabsé Q&keptibetofBLASERSIKN laﬁd/sh@aﬁ@dmhﬁ‘tcmmlﬁtyatT@r@feﬁ bl ades
and rotatlnq bl ades to provi de a sheared material that passes through a
scr een,mgpdalp sarcep b AT Suseepbble. to PRiatpmwhemiriaasch pressure bel ow noni nal
t h t h

A ToSPhert ¢ NGRS By e i BARAPARP LRI IR ORI GliREDRerC

| east &@edswckamecbﬁzled% g\pmmﬁkiuatdmﬁpmmals,mnﬁswyecutm{g, gtindi@gsdhearingper cent
belom/nonlnal at npspheri ¢ pressure. In sone, enbodi nents, a vacuum source IS
utili zeWlesizing %tCQPIPP“% eFyisTamelcotl 51 TS, %ﬁ%ﬁeﬁﬁ%?%(e@r 481l P2pRle

cel | ul qgj, ﬁ&ﬁﬂeh%%&wﬁé}@%&sﬁ s"%rfe?efrb@t) CRAriR oFﬁer@cﬁhga' ly treated in a dry

state (e.g aving litt ree ter nits surface), a hydrated
state (e. g Albawathglyy pr tnoaddé@ronp thedeetdstooly nvatérghtarabspnbedllywataed byone i n a

wet state, ,_havi t ween aboyt .10 percent .and about .75 percent b
Wel ght it oF s i Car e R etveh b SHEEHRA CEAPSg FHUSHg whi e
par ti algo¥icafior @dexu&y lb??d' 1980 ISIRE c@plbdiGhiafld tHRMGRechEnivAhLkeat@f MBRE!  OF

i sopropanol . The cel osic or Iignocellulosic material ‘can al so be

mec haniseaiidnge tanckg fgbfau‘qa,g@qus aingamaterials treated by one or more of the other treatments,

¢.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 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 include mechanical ripping or tearing, other methods that apply pressure
to the fibers, and air attrition milling. Suitable mechanical treatments further include any

other technique that changes the molecular structure of the feedstock.



(such as a stream or atnosphere of gas other than air), e.g., oxygen or
nitrogen, or steam If desired, lignin can be renpoved from any of the

f eedst ockwoabavisad3z t hat i nclude lignin. Also, to aid iRrcrhs2weadedpwn of
the materials that include cellul ose,16the material can be treated prior to
or during nmechanical treatnment or irradiation with heat, a chemcal (e.g.,
m neral acid, base or a strong oxidizer such as sodi um hypochlorite) and/or

an enzyne. Hodescdnfat encchadicliyngatdinderifpent 0¢ pRded thrélpd apicasence., of an
acid. Mechanical treatnent systens can be configured to produce streans
with sPB¥IngdR WARLEePETTEzeel o mmyer lepsll/ Kinghh 00023 feehy) £ fsamsi num si zes,

speci T 16 anatis tsHéa‘MngE & otRés rﬁéehﬁﬁ' ifcél“treﬁﬂﬁérﬁ,ca%d%&r%e ‘lr}g g&ét forfEgnant cal

treatnment can Increas€ the rate of reactions or e processing tine
r equi r ednbyrapleniFogexgmtlie narekniéd sitendamtedkused td berunontty sheaethshid e t o

processes and/ or reagents, such.as reagents in.a solution., The b density
of f eeoﬁgfeae@ge Batviogh ?%Z@%ﬁ?ﬁ# ARSI g?‘ﬁ’@_@%@ﬂ%ﬁﬁf}é bleder s %Lﬂéﬁs

exanpl &g phdViGOATEh 8RR R RN tisat pAIst EMhrdBRRNARIEAR! ard'i§ 84 1BRY it ReinTatiRdial has a
bul k denSity of less than 0. 25 g/cnB, e.g., 0. 20 g/cnd, 0.15 g/cng, 0.10

g/ cnB, @nbsved pre8sune bélewsiomana) afm@spberic glesﬂm&: cBul ak ladenid) eycdns belewer i ned
usi ng ASTM D1895B, Bri efl t he et i nvolves fil.ling aneasuring cylinder
o KoM BTGHBSARER BESbicee Aot R oG P Sl L S AR e
bul k dedsdabty50 serécmk BUbRtRENIRN a@hasp@lbﬂ@gﬁeb@rw ghlcaf 75t cHEEEN @ nbMir@l ans by
the known volume of the cylinder in cubic centinmeters. |If the feedstock is
a fi br ctmosriicEs prassurpelif oo gnlsrdimends, evalsann cawcy it ytidiged tp mainkyin Hie ian have

a rel at 'eyog)jééoe%l%iraggt{lﬁ\é@%%&é&gg@ h-to-di ameter ratio (e.g., greater than

20-to-1), eeh sheared nore than once. In addition, the

fibers of thehefdehtiokis oftipesdetli®sidesacidiean bemetiunim@yly mawed én § dhadtatgel y
narrow | ength and/or |ength-to-djanmefer ratio distribution. As used herein,
aver agd ;- bayingilir nodrep watgy oy Bierclap 8y diitsd stadeteed niavale Wpiitehl |y by
random w361 66 Lkl ARBARY WIS of iPa QP t%‘é bef S haA¥EhAURe hRgH 10 E§\s are
correctﬁeéél Feﬁ%t h%ae?tghtt%ﬂVYeng’t s. BET (Bt tj%'éu%rl,gEmre% a]%bgl Te??%r surface
ar eas and aholitt75-peodent b weifghcwater.elibe fibkrdopere osi tveadbeanechbimosdty detteatl m ned by

mer cury rosi.metry. |If the feedstock is a fibrous material the average
I'engt h- ¥l ly pepreseed WRES Giluidrahas Rl chingT o7 BoRrelnels r  al can

be, e.g., greRtRMulbbRPr BodoccBuBsic ndt&@ @hn hIRGBe HAcHani @IS cBled under a gas
(such as a stream or atmosphere of gas other than air), e.g., oxygen or nitrogen, or steam.

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

Mechanical treatment systems can be 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/em’, e.g., 0.20 g/cm’, 0.15 g/em’, 0.10 g/cm’, 0.05 g/cm’ or less, e.g., 0.025 g/cm’. Bulk
density is determined using ASTM D1895B. Briefly, the method involves filling a



than 15/1, greater than 20/1, greater than 25/1, or greater than 50/1. An
average fiber length of the nmechanically treated material can be, e.g.,

bet ween avoubi10d9383am and 2.5 nm e.g., between about 0. PETrose@na23b6d mm
and an average width (e.g., diameter)17of the second fibrous material 14 can
be, e.g., between about 5 mmand 50 mm e.g., between about 10 mm and 30
mm I n sone enbodinents, if the feedstock is a fibrous material a standard

devi at ira¢usofing bgindebéefknoamnglouraé withe samghadmidebtdiying beatigd offticatimple. i s | ess
than 60 percent of ~an_average fiber |Iength of the nechanically treated

mat er i alhe tullgdensity isccalquifedsby giapdingthegreighiot firenagle iIngkyphdy fisddopRan 40
percentvoﬁ%%gﬁhg\égﬁ&gﬁd tgﬁgg&nﬁh%%sthan 25 percent of the average |ength,
n nt o e

| ess tha perc average length, less than 5 percent of the
aver age | endfthe foedsenckris 4 Ebsus haueribl herfient ofahe tikehaaatlageated ngitdrial | n sone
enbodi nents, a BET f rface area of the nechanically treg%g&rorrat rial is

gr eat er*P AW IS yglﬁrg@.ag.e{aga Bgthelo-QHEF S8 (o greatss ORA"E"5 e/ g,
gr eat erif {iaMave Qee%?&re(gﬁl%?et @hn bAAD 14 Sédiﬂgﬂ,ghe A6&3bethet MRS sImdteriag/ 9,

greater than 5.0 g, greater than 10 n2/g, greater than 25 nR/g, greater
t han 35lentityd hgresmmey havramreb0nRlygargmelangth antyanledgthaRtdjamefeemtier t han 75
n2/ g, %{ a@er than 100 n2/g, greater than 150 n2/g, greater than 200 nR/g,
or eve 133‘{—1 W% than 250 n2/g. A porosity of the nmechanically treated

material camdgseddelin, agéra@t Bbertwidihs 28 %9 Gla6fRMdrs) M¢ gRbEedctbhdReLoptRangent ,
greater than 35 percent, greater than 50 percent %reat er than 60 percent,

gr eat erbytHadpTFly spleeingappreimateby 5. PHRHbEY Papwenfibergertheircchrpcted per cent |
great erle@ gﬁve@t&?&ﬁ@ﬂ%x Bgﬁ"ggbg{au%rhﬁﬂmg% _agc? TeRY sl%r?arc%lie%g a}efl—ﬁﬂg?ﬁb@@er cent,

greater percent, ¢ han percen greater
per centsurface @@ agt pabsiticd srarthdO dSeprined by mekdurg pomsididityat i ons, it can be
desirable to prepare a.low bulk density material, densify the material

(e.g., to midkéwcifeedstperdya Ghrpup graderpbhicjayeiage fangihsiootiametst whgrhébesiofe) | and
° ! ' . the 2
then r %H@ﬁ{ecﬁiﬁ?cgﬂgtn%ﬁfealm é}laﬁcétpwrﬁ.cggs rﬂgptgecﬂif‘rtge%, i%? RatcPRRS 110/ € G JIREeri al s

can be processed by any of the net escr in, or any fmateri al
pr ocesgbah byl anyatafthamn20/ipgrhatcisthee 864 | tregtedter thim 5@/An Aneavstigs édpoeieh gt

dens 11 e S SRS S0l IR, 200 ST Amk Filal o Trselrent one o
and between about 0.75 mm and 1.0 mm, and an average width (e.g., diameter) of the second

fibrous material 14 can be, ¢.g., between about 5 um and 50 um, e.g., between about 10 um

and 30 pum.

In some embodiments, if the feedstock is a fibrous material a standard deviation of
the fiber length of the mechanically treated material is less than 60 percent of an average
fiber length of the mechanically treated material, e.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 mechanically treated material is
greater than 0.1 m%/g, ¢.g., greater than 0.25 m*/g, greater than 0.5 m?/g, greater than 1.0
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.



to provide a structurally nodified material which functions as input to
further processing steps and/or sequences. Irradiation can, for exanple,
reduce thwormoloamsdsar wei ght and/or crystallinity of fee#straskoilolonsdsone
enbodi ments, energy deposited in a natserial that rel eases an electron from
its atomc orbital is used to irradiate the materials. The radi ati on may be
provi ded by 1) heavy charged particles, such as al pha particles or protons,

2) el ectronsA pprositypicihe nichaixdlytated Matbedldan &6,ayg. pgreetleﬁmhﬁ Q0 pbeaim
accelerators, or_3) electromagnetic radiation, for exanp g@hna rays, X
rays, cﬂfeemrtth%tw%p@@e%gréaten thalb Ae PESHtoBieper ?haaéapf:@ﬁmpg@aﬁ&

radi oa

cmbod g BRI HECR Ao A G Ik foragh a%%%%‘&?%%ﬁf?&wﬁ%fﬁt@f B gh
(3) mayOherednt,|greasat. thdnﬂ%pmtdmﬁ:rgreqmrtbm% pﬁbﬁﬂ,’[ groateighed DT perachtagicamr (e. g. ,
produceg u&%ﬁg el ectron Qﬁ enitters% can FI§%9%O irradiate the

f eedst J&K ClE¥egcalshiNRR cH’SE?EWd% VePrgéeaaféfé ¢ PFEER and t he

particul ar fiaedst Qfkation0rit &4 Siradlt HprERRe s 1&F bR ALihPRaCARI, BERHNY

chem cal bonds within feedstock conponents. |n some | nstances when chain
sci ssi ghe n@tedlels(ergktb enaked @isicpend ey cootapimtrinsnertt tomaitharatteloand thedesiertabl e,

partlcl er than ctron rot.ons m n

Pons. o PRERA) BlaoRAEalEERES N s R R RHEE R BEPiS S B fheahEne o
nitr Ogﬁtﬂeth@dhsde@@f[be@ﬂletﬂiﬂ lor a@mawﬁnpﬂob&@e@@;emm t66 &HcfhodS destioed h@reﬁleSI red,
p05|t|veI£ char ged partlcles can be utilized for their Lewis acid

pr oper tqas eﬁ@WRQWﬁ@Né@@ﬂﬁﬁh@dpéﬁﬂ#@kﬁﬁéﬂh“KEZQEWBQ18@0r exanpl e, when

maxi mum oxi dation is desired, oxygen ions can be utilized, and when maxinum
nltratq@gdﬁﬁuﬁk$féﬁﬂuﬂﬂltrOgen ions can be utilized.In one nmethod, a first
material that is or includes cellulose having a first nunber average

nol ecul ar WE(DIQSMSI‘ rhdMTadiatsori psroeed;smg achjucacay.can by utadetatpaaets the fdedstook,zindg

radlatlon in the f radi ation, . X-ray diation, 100 nmto
280 nm®BPt¢ éﬂlﬁ %?tB{C“trE}TI’S mPgﬁj‘r‘T?]fi g“l‘fgg%l BFURUS @3 P up 0 %lftﬁ%frpfe?%?lﬁgd

particl s?e%)s ah@/opg&l\ﬁb&%s AIPREAY HRIBF é@a'rnﬁl@ %ddc@ ehUdER cGIg Jx/b'ﬂ gegdivi ng a
second nunber average mol ecul ar weight (MN ) |ower than the flrst nunber

aver ag e:rmbalbmm off feodbitapht .In Forac smbocrhchemt @rerr@t dgpositadnie afthatetial dhat relessend

mat eri al ) nbi ned with a Sr.oor. w th or t hout enzyne
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const i tpteteSHYAY 1$ea0§1 chirgéd parti€lef) rs@@lum@afpaeﬂwl@goxqﬁmﬁs 25 efebtrom! oduct t hat
is or includes hydrogen, an al cohol et hanol or butanol, such as n-,

sec- orPredusedrfer Fxamme.on @atmdécaafcqr@lecwhgaar@@mwom ord halestiomagnetigny of

these. 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.



Since the second material has cellul ose having a reduced nol ecul ar wei ght
relative to the first material, and in sonme instances, a reduced
crystal | iwDt2g10e0938821 | , the second material is generallyPpoors2diosp®ssi bl e,
swel | abl e and/or soluble in a solutio® containing a mcroorgani smand/or an
enzynme. These properties make the second material nore susceptible to

chem cal, enzymatic and/or biological attack relative to the first

materi al , wWihohe e&thagl eeﬁtrdtynaitesmrl haeistdien@idud uellilose hiaatmy afitdl Mimpgroduct i on

| evel of a desired product et hanol . Radi atiaon can al so sterilize the
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t han abo t 75 percent. | n spme instan t he seco mat as cel l ul ose
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In some embodiments, the second number average molecular weight (M) is lower

than the first number average molecular weight (My;) 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 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, ¢.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 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 from about 20 to about 40 percent.
However, in some embodiments, ¢.g., after 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.
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Accel erators used to acc Ierat | es .can be I static DC,
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For exanple, cyclotron type accelerators are available fromI|BA, Belgium
such as t he Tgh@zdagRat(intioayst em while DC type accelerators are available
fromRD, now | BA Industrial, such as the Dynanltronﬁr) lons and ion
accel er at or Lashdor efigdiatign ionizes the carbon-containing material via particular

interactions, as determined by the energy of the radiation. Heavy charged particles primarily
ionize matter via Coulomb scattering; furthermore, these interactions produce energetic
electrons that may further ionize matter. Alpha particles are identical to the nucleus of a
helium atom and are produced by the alpha decay of various radioactive nuclei, such as
isotopes of bismuth, polonium, astatine, radon, francium, radium, several actinides, such as
actinium, thorium, uranium, neptunium, curium, californium, americium, and plutonium.
When particles are utilized, they can be neutral (uncharged), positively charged or
negatively charged. When charged, the charged particles can bear a single positive or
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 Introductory Nucl ear Physics, Kenneth S. Krane, John Wley & Sons, Inc.
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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 (e.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, e.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



about 2.0 MeV (mllion electron volts), e.g., fromabout 0.5 MeV to about
1.5 MV, or fromabout 0.7 MeV to about 1.25 MeV. Electron beamirradiation
devi ces a9 2bm/qe8sseur ed comercially from |l on Beam Appl PCRIUSC0N9/023962
Louvai n-1 a- Neuve, Belgiumor the Tita? Corporation, San D ego, CA. Typical
el ectron energies can be 1 MV, 2 MV, 4.5 MV, 7.5 MV, or 10 MeV. Typi cal
el ectron beamirradiation device power can be 1 kW 5 kW 10 kW 20 kW 50

kKW  10QinkivMizidgQadkiMorodoubdd@ak B¢ uddtel, kv, dbr @fatidelgahinpiics dfinaeAialf c.ghess
f eedst ock depends on the el ectron energé,used and the dose applied, while

exposurtBan §-funclependess dindrbngbyibs ncha0 ddach, omlps han Oddsels epmeake val ues
of 1 k%ﬁoiﬁgiﬂ@{s tﬂ@ex{% O%C%%ctr(ﬁpoﬁ%eleé@%5@%&115%011%@@0&@@1\4 Mo Particl e

Beans es heavi et than ectrons can be utilized to irradi ate
mat er i absyut Z0de\aénitidorbdbstcmatodts), erg.,fatne pba@it 9.5 MaV tb mbdwides MeiVhohirdmat es,

e.g., cellu I G, mater] |.ignocel lul osic materials, starchy materials,
or nixﬁﬁP@§¥g$&§ﬁ§”%PP{ﬂégékahq others described herein. For exanple,
protons, helfudiiehei irrada800 A0S ma) bd HBArE@BSmmRRM1Ly! fR818 16&2BBAR 1 ons,

phoshorus ions, oxygen ions or nitroden ions can be utilized. In sone
enbodi meprtlsatigrer Lowlaeslai¥awice Belgham oethe diitan € rpaatiom §ae Didgoghédr.  Appoalt s of

chain scission (relatjv |4 r ri i I Inst ance

oot ti VYo RErEES BhPY AL TV VLT SRV ard 00T ot TR0 i o
t han negai iMeditichasgedddthiebes ke kW, I HRW, 206wl ok WhHeeyker, 2p@kw,cl e
beans can be generated, using linear accelerators or cyclotrons. In

Some. erfBoaD kNt She kNel ChepgymerZasiaaionihy rdtacksiepeis opabarieelat Bii@bout 1. 0

MeV/ at Qi ' .00 i it.. e a - MeV/
atom o 05 et g AR o R Nt A ish b ol BOE "M omi

uni t t aloadomiy thkOOubedM BkGH) Tk@GHi 0. kGy) 20&iGya b0 kSyb 08l k&Nt 200 @Gybeans used
to irradiate carbon-containing materials, e.g., biomass materials, can

i ncl ude nore than one e of ion. For exanple, ion beans can include
o e Bk

m xtures of _ .g., three, four or nore) different types of
ions. Exenplmiyc18 pdaWef thafi RRclrbEd %&@l%e%‘li%t{‘to' iA9§iaRNHatPA AL Q08K acar bon ions

and oxygen ions, nitrogen ions and protons, and iron ions and protons. More
gener aldaybohpilatas oe sagfriabrthatoficlnéecaroohy dditesc ags edidpse magasialsany ot her i ons)

can be usedlf forngkrfqgha in tip QFaPE. | n art'ﬁular i xtures of
ol ati VTS o Rl br S PO @R, P e S e B B R s on
beam  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 induce 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 each particle of the beam is 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, e.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 ions. 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 ions discussed
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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 materials. 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
jons such as one or more of H', H, He", Ne', Ar, C",C, 0", O, N, N, Si", Si, P", P, Na",
Ca', and Fe'. In some embodiments, ion beams can include multiply-charged ions such as
one or more of C** C**, C*',N*" N°" N*, 0*", 0%, 0,7, Si*", Si*", Si*, and Si*. In general,
the ion beams can also include more complex 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.



the positive or negative charges can be effectively distributed over
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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.
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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, ¢.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, ¢.g., after extensive sonication, it is possible to have a
crystallinity index of lower than 5 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
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sodium lauryl sulfate, and non-ionic dispersing agents, ¢.g., poly(ethylene glycol).
In other embodiments, the sonication medium is non-aqueous. For example, the
sonication can be performed in a hydrocarbon, e.g., toluene or heptane, an ether, e.g., diethyl

ether or tetrahydrofuran, or even in a liquefied 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) is 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 (Mxz) lower than the first number average

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



Pyrolysis One or nore pyrolysis processing sequences can be used to process
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aver age nnlecular WE|%H%@§NN 1) by nore than about 10 percent, .e.g., 15,
20, 25, 30, Igsomggmbg T dKtsecqty Ib@&h?éﬁ’fera%ﬁme%wawwh&%w ksvEr 75

per oetnad o3RRS ANERR mAIBGISSEAD, (R EE] Forliiin SELUDOSRNEL has as

crystal rnity (C omer t ha e crysta nity
cel | ul dsse2a,f25t he, ¥5i, #8.t50metrent, 0. peFeent, ex eavgpl reore (i) aboan7opertower t han (G )
P Ka;]m;g OLP aga%%%g ¢ 1%0 se r‘Lﬁ:ees%tconde rngtenaljhas cgl?ulose thatghas as crystaﬂlmty (Ce) t a?c ore
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, ¢.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, ¢.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 50 percent, e.g.,
from about 15 to about 45 percent or from about 20 to about 40 percent. However, in certain
embodiments, ¢.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, ¢.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, ¢.g., from about 60,000 to about

150,000 or from about 70,000 to about 125,000. However, in some embodiments, ¢.g., after
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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 a first number average
molecular weight (M) and having a first oxygen content (O,) is oxidized, e.g., by heating
the first material in a stream of air or oxygen-enriched air, to provide a second material that
includes cellulose having a second number average molecular weight (M) and having a
second oxygen content (O,) 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 cellulosic 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.
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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
in 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.

Generally, 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.
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In particular desirable embodiments, a first cellulosic or lignocellulosic material is
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 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 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 includes one or more
hydroquinones, such as 2,5-dimethoxyhydroquinone (DMHQ) and/or one or more
benzoquinones, such as 2,5-dimethoxy-1,4-benzoquinone (DMBQ), which can aid in electron

transfer reactions.



cellulosic or lignocellulosic material and the one or nore conmpounds as a
gas, such as by generating ozone in-situ by irradiating the first

cel | ul osiwoaniddigssecel | ul osic material and the one or nNPCE/USRMPOLEYES
through air with a beam of particles,3lsuch as electrons. In particular
desirabl e enbodi mrents, a first cellulosic or lignocellulosic material is
firstly dispersed in water or an aqueous nedi umthat includes the one or
nmor e CoerourIdS;oﬁhb dpsradbceratudiientsli ths ohv/@tnbdlexedants anatlectrachemesatiyed after a
soak time : | oose and free water is renoved by flltratlon)_ and then
the onegeé?raP?érl@ sii Harpemplce hudeeseprrpyide H’éd/%?ﬁﬁnﬁﬁ%li bnelarorchsnycalich as
by gen i iating the first cellulosic or
Iignocg{ﬁ&kggFg%ggﬁc@ﬁgﬁ8%§mg%n%%%§gconpounds through air with a beam of
particles, such as electrons (e.g., each being accelerated by a potenti al
di fference of between 3 MeV and 10 MeV). Soaking can open _up interior

por t i orfdthey ]66@0@&%&8(5‘?0 Sphlbsbl‘ﬂa Reebieei Regaleitrance G Jdiok en¢tienalives one or
nore conpoun ants e one or
Tor e conpourteyy 0% RFesRes RbRgPE SRR el p P FihBey S e s out

1:25, slchitrd hbfeiNod ROEEmBin A Wwith abosk thd prieeREs ddsebabidin LinkdQ ok@rabout
1:25. In sone desirable enbodi nents, the m xture further includes one or

mor e hysRaEyeRDhesiRs acid ireatmgnt fingudingwpheseiraipd e dilwe meidtoRtaont andy or one or
nor e bﬁ%@&‘r‘% {‘,%ﬁch Lk%ﬂﬂu éa@ld ﬁ&%‘i&?&%d aﬁ&ﬁ&ﬁ?%@%}%ﬂ& D'VBQ) ""h' ch
can al 1N electron rans 1ons. 1 n sone desirabl’e e Odl nments, t he

one or tAflueroaxdtidanids, lﬁas@tredtmehtr(@cghemaﬁﬂédt ydrgnabeddium BYdroxidERUex arrpl e,
hydr ogen peroxi de and/ or ozone can be el ectro-chem cally produced within a
cont actirMFEact o R s catmgii teert-8e @s%é)s“t%ABBh%ﬂSlPﬁSé@a [Meduce

Recal cigqr gr aph
can be éul/ C%O(?%Iee-&\?\;] dtzvﬁgﬁef %? bgg E‘Sto ﬁfeéx%t?%aé%g@eg%descr [ tegﬁthté{)}g? HH&H@

conbi nanddrecwd midliagyscofe.g.hE.JiPotcesAppliciast SeidNhéd &8h,70Pn any order):
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or gani PROVISCTRYS DRFURILS hNIY/OICOMHERFRDDURASE treat ment (e. g. _
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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, ¢.g., ethanol, or organic
acids. The product obtained depends upon the microorganism 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, ¢.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.



61/ 073,530, filed Novenber 18, 2008, solvent treatnent (e.g., treatnent
with ionic liquids) and freeze mlling (see, e.g., US. Patent Application
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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, ¢.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 still
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i npl enentations, sterilization is acconplished by irradiating the growth
medi um or the individual conponents of the growth medium prior to m xing.
The dosage of radiation is generally as | ow as possible while

still obtaining adequate results, in order to mnimze energy consunption
and resulting cost. For exanple, in nmany instances, the growth nedi um
itself or conponents of the growth nmedium can be treated with a radiation
dose of less than 5 Mad, such as less than 4, 3, 2 or 1 Mad. In specific
i nstances, the growh nediumis treated with a dose of between about 1 and
3 Mad. OTHER EMBCDI MENTS A nunber of enbodi ments have been descri bed.
Nevertheless, it will be understood




t hat various nodifications may be nmade w thout departing fromthe spirit
and scope of the disclosure. Accordingly, other enbodinents are within the
scope of wbeofoalobssai ng cl ai ns. WHATI S CLAIMED |I'S: 1. Anetrhoadscanpeiost ng:
providing a cellulosic or lignocellul¥®sic feedstock, m xing the feedstock
with a fluid and a saccharifying agent, and transporting the resulting

m xture. 2. The nmethod of claim1 further conprising allow ng at | east
parti alWEBAT IRCIfAIMEDAS: t 0 occur prior to transporting. 3. The nethod of
claim2 conprising allow ng substantially conplete saccharification to
occur prior to trans orting. 4. The nmethod of claim 3 further conprising
renmovi ng andy-dt 1§ Y gS'he saccharifying agent. 5. The nethod of any of
t he above clcrﬂjoyﬁlii{gugggmogiggpﬁgl%gehﬂg)s APidS8S transporting the mixture to
a facility configuted to convert starch, sucro$e or lactose, utilizing a

m cr oor gani snixingthetfbeadsodck with Afkiidrehd adaathasifiyinghgédtearmbove cl ai ns,
wherein transporting conprises shipping in a rail car tanker, tanker truck,
pi pel i ne, ortr%rhsrﬁ’ﬁé‘i‘nglé’ses"éﬁglu?g MiKBI'Ret hod of claim 1 further conprising

al l owi ng saccharification to occur, resulting in a sugar solution or
suspensi on, and renoving xyl ose fromthe sugar solution or suspension. 8.
The net hod df. WHeanmhbddfafictaiarl mothericempgisdet dboiviipg aglehftepastighar sol uti on or
suspensi on. 9, The nmethod of any of the above clains further conprising
reduci ﬁ&cé]??élf}céeaﬁl&‘? PR PEIO510 URESPYEWSt ock prior to mixing the feedstock
with the fluid and saccharifying agent. 10. The nethod of claim9 wherein
reducing the recalcitrance conprises irradiating the feedstock with

i oni zi ng r adi.&flieanethbd.of Thaémrieddmoglrisihg alywifg dubstaabialle cemalavs, furt her
conprising mechanically treating the feedstock to reduce the bulk density
of the SPEEHEHIARORHRYPEHUTPRIONdQ Si@nsperting.

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

saccharifying agent.

5. The method of any of the above claims wherein transporting comprises
transporting the mixture to a facility configured to convert starch, sucrose or lactose,

utilizing a microorganism, to ethanol.

6. The method of any of the above claims, wherein transporting comprises

shipping in a rail car tanker, tanker truck, pipeline, or tanker vessel.

7. The method of claim 1 further comprising allowing saccharification to occur,
resulting in a sugar solution or suspension, and removing xylose from the sugar

solution or suspension.

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

suspension.



surface area. 12. The nethod of claim 11 wherein nmechanically treating
conprises performng a shearing process on the feedstock. 13. The nethod of
cl ai m 9, wbepsvaessseduci ng the recal citrance conprises nmecharsc@alok3pe2
treating, chemcally treating, sonica®i ng, pyrolyzing, oxidizing or steam
expl odi ng the feedstock. 14. The nethod of any of the above clains further
conprising producing energy or a fuel fromthe transported m xture. 15. The
met hod of arg, Tie hbgodlduay of giewbolvyiciandt feeh@r doshmdsihg aafipaid thag t he

m xture to a retrofitted or existing starch, sucrose or |actose ethanol

pl ant . reealcitfracaef hedeedsteskapiion tormpimgbthedaegitods withahe Buidand

saccharj_f.j | ccur, resulting in a sugar solution or suspension,
wher ei nga[:%hgﬁ[fg]?l Iatggrﬁtgar content of the solution or suspension is at |east
20% by weight. 17. The nethod of claim 16 wherein the solution or
suspension includes a surfactant.18. The nethod of any of the above clains

wher ei n t he Khddwapethedod claga® whenghr redsingthe fesaleitrapcegorapriges 19.
Aconposi.t.i . . . , conprising about 10-70 wei ght
per cent%klté‘ldgdc%{)n Zt?lgg%c togg%@g?&%gﬁﬁggg%éﬁ(é@nt and 65 percent or between 20
percent and 60 percent, about 2-35 wei ght percent xylose, such as between

about 2.5 percent and about 30 percent or between about 5 percent and about
28 percent; Hndhe methiod of sng A He aboyeclpdms. fuither eampripiagmaecapnisaar cont ent

of the Bt [.S.f - i h et ween
about - 1ECHRERR ORIt R ERAHE b AN of e RELABOL an HE TR BELT 00
per centsubfaceaight and about 75 percent by weight. 20. The conposition of
claim19 further conprising a nitrogen source such as urea or peptone, such

as at a concentration of between about 5 and 750 mM such as bet ween about

7.5 mvand 500, miybr, B WeR a1 1%H&e%§91egﬁ4nically treating comprises

performing a shearing process on the feedstock.

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

exploding the feedstock.

14. The method of any of the above claims further comprising producing energy

or a fuel from the transported mixture.

15. The method of any of the above claims further comprising transporting the

mixture to a retrofitted or existing starch, sucrose or lactose ethanol plant.

16. The method of claim 1 further comprising allowing saccharification to occur,
resulting in a sugar solution or suspension, wherein the total sugar content of the

solution or suspension is at least 20% by weight.

17. The method of claim 16 wherein the solution or suspension includes a

surfactant.



21. The conposition of claim19 or 20 further conprising a surfactant, such
as at a concentration of between about 0.1 percent by weight and about 5

per cent
per cent
per cent

byoweioglesg3ze. g., between about 0. 15 percent by weirgistoianesabout 4.0
by wei ght, or between about 625 percent by wei ght and about 3.0
by weight. 22. The conposition of claim19, 20, or 21 further

conprising a lipid, a nono-, di-, or triglyceride, or an unsaturated fatty
acid. 23. Thes.ciasthod@f agf ofithe ablove kRiims whrdiad thelsddtdsriBompagaitng a

st er ol
ppm by

such as ergosterol, such as at a concentration between 15 and 1000
GREIRYTites 2B egzymBer @e@aid25 and 500 ppm or between 50 and 150 ppm 24.

The conposition of any of clains 19-23 further conprising an antibiotic
such as tetracycline, such as at a concentration between 15 and 1000 ppm by

wei ght,
concent

10 percent RPoHElBH0 wighbpYGEN

e. 9.19. etoreposiddn,anch 298 sp@ncoateeiter@®mmisiand 150 ppm 25. Asugar
rate nmade by saqcharifyj&g a dispersion that includes between about
ugRseceieh asyelisegghl > Bercgnedird 69 esreEndr

lignOCQLhﬂk&EéfggE%g%%?%?d%6@eﬁﬂ%tconp05itiOn of claim 25 wherein the

cellul osic or

osic nmatéerial conprises a waste paper stream 27.

Anmet hod conpbosit RB5 WERNt fertgnexyledd, bih@ss-owkan Abo\g 1.8 bbktdeashed Mout
| i gnocel | ul osic feedstock, m xing the feedstock with a fluid, such as a

sol vent

30 perepntey Reaween abew apeysertad abpauhg8agesant ady. | an enzyme or acid,

selected to gﬁggp ch%¥a%%ﬁe%§IIU|ose’ and transporting the resulting

m Xture, suc

et hanol

y rail”or truck, to a starch-based or sucrose-based
pl anvhéreirpthedues segdranatent of the composition is from about 10-90 weight

percent, such as between about 15 percent by weight and 85 percent by weight or

between about 20 percent by weight and about 75 percent by weight.

20. The composition of claim 19 further comprising a nitrogen source such as
urea or peptone, such as at a concentration of between about 5 and 750 mM, such as

between about 7.5 mM and 500 mM or between 10 mM and 250 mM.

21. The composition of claim 19 or 20 further comprising a surfactant, such as 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 percent by weight.

22. The composition of claim 19, 20, or 21 further comprising a lipid, a mono-,

di-, or triglyceride, or an unsaturated fatty acid.

23. The composition of any of claims 19-22 further comprising 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.
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24. The composition of any of claims 19-23 further comprising an antibiotic
such as tetracycline, 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.

25. A sugar concentrate made by saccharifying a dispersion that includes
between about 10 percent by weight and about 90 percent by weight of a cellulosic or

lignocellulosic material.

26. The composition of claim 25 wherein the cellulosic or lignocellulosic material

comprises a waste paper stream.

27. A method comprising:

providing a cellulose-containing cellulosic or lignocellulosic feedstock,

mixing the feedstock with a fluid, such as a solvent, such as water, and a
saccharifying agent, e.g., an enzyme or acid, selected to saccharify the cellulose, and

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

sucrose-based ethanol plant to produce ethanol.



