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The methods disclosed herein utilize cooling and processing of materials, alone or in

15  combination with one or more with other processing techniques, to change the structure and
thereby facilitate further processing of the materials. For example, in the case of biomass,
cooling is used to reduce the recalcitrance of the biomass to facilitate processing of the biomass
into a product such as a fuel. One or more of the steps of the methods disclosed herein may be
performed in transit, e.g., by train, ship, barge, tanker truck or the like, and/or two or more steps

20  of the method may be performed at different locations. In some implementations, the equipment
that is used to perform one or more steps of the process is portable, ¢.g., to allow the processing
equipment to be moved from one production site to another depending on availability of
feedstocks and/or other resources. For example, the methods may include one or more of the
mobile processing systems described in U.S. Serial No. 12/374,549, the full disclosure of which

25  isincorporated herein by reference.

By cooling the biomass or other material, the brittleness of various components of the
biomass or other material (e.g., hemicellulose and/or lignin and/or proteins and/or pectin and/or
minerals) can be increased, thereby significantly improving the effectiveness of the processing

techniques that are used to alter the material. By increasing the brittleness of the materials, the
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electrons and/or ions), one or more sonication processing steps, one or more chemical processing
25  steps (e.g., using agents such as acids, bases, oxidizing agents, reducing agents, and/or solvents),

and/or one or more thermal processing steps (e.g., pyrolysis, in the presence of oxidizing and/or

other agents, and/or in reduced pressure environments). These other processing techniques, if

used, can be performed before, during or after cooling.

During the various processing techniques that are used to alter and/or convert materials

30  into other materials, a significant amount of heat can be generated in the materials. To avoid

combusting or otherwise initiating unwanted thermal alteration of the materials, the cooling
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The methods disclosed herein can produce material particles (e.g., fibers) having a
length-to-diameter ratio of 5:1 or more (e.g., 6:1 or more, 8:1 or more, 10:1 or more, 12:1 or
more 15:1 or more, 20:1 or more).

25 The methods disclosed herein can also produce particles having a largest dimension, ¢.g.,
diameter, of less than, e.g., 2000 nm, 1000, 750, 500, 250, 100, 50, 25, 20, 10, 5, or even 1 nm.

The methods disclosed herein can produce materials having a reduced bulk density. For
example, the bulk density of the materials produced using the methods disclosed herein can be
0.8 g/cm3 or less (e.g., 0.6, 0.5,0.4,0.3,0.2 or less, e.g., 0.1 g/crnS).

30 The methods disclosed herein can produce materials having relatively thin cross-sections,

due to the combined effects of cooling the material to increase its brittleness, and processing the
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that includes converting a cooled hydrocarbon-containing material to a product utilizing a

20  microorganism and/or enzyme, wherein at least one of cooling and converting the material is
performed using a mobile processing unit.
The invention also features products formed by any of the methods described herein.
Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
25  belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and

30  examples are illustrative only and not intended to be limiting.
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i ncl ugédmsaccharification of the feedstock, and transportation of the
feedstock froma renote |ocation, e.g., V\/nere the feedstock is produced or
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take place partially or enDESERIPIUONQFAORAIVEYGSt. To facilitate
saccharification, the process further jncludes reducing the recalcitrance
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FIG. 3 is a schematic diagram showing a milling unit.

DETAILED DESCRIPTION
In some cases, the processes described herein are used to convert a cellulosic or
15  lignocellulosic feedstock to a convenient and concentrated form which can be easily transported
and utilized, e.g., in a manufacturing facility, for example a plant adapted to manufacture
ethanol. In such cases, the process includes saccharification of the feedstock, and transportation
of the feedstock from a remote location, e.g., where the feedstock is produced or stored, to the
manufacturing facility. In some cases, saccharification can take place partially or entirely during
20  transport. To facilitate saccharification, the process further includes reducing the recalcitrance of
the feedstock, before or during saccharification, by cooling the material as will be described in
detail below.
In some embodiments, cooling takes place at a first location, or during transit (¢.g., in a
rail car or truck or on a barge or ship), and saccharification and/or other further processing (such
25  as fermentation) takes place at one or more other locations. In some cases, cooling of the
material takes place in transit due to the cold ambient conditions under which the material is
transported. ¢.g., sub-freezing ambient temperatures.
In some embodiments, the equipment used for cooling and/or for further processing steps
is mobile and is transported from one manufacturing site to another, e.g., based on the

30  availability of feedstock.
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a river or on the ocean and docking at an area with suitable biomass for processing). The mobile
facilities or components thereof may also be transported on land. For example, the facility may
be transported by a car, a truck, tractor trailer, and railroad car(s). Again, the land vehicle with
the portable facility can travel to areas with biomass suitable for the production of the desired

25  product. Finally, the facilities may be transported by air. The facility may be transported by
plane, helicopter, and blimp. Air transportation of the facility allows for the use of biomass
typically too far away from production facilities to be used. The facility may be on the plane, or
the facility or components may be dropped from a plane or delivered by plane. The mobile
facility is typically conveniently sized and organized to provide for easy transportation of the

30  facility and/or its individual components. In the case of land transport, the transportation

vehicles are typically able to travel roads and highways used by cars, trucks, and tractor trailers.
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per year. The facility may also optionally include any equipment mandated by international,
federal, state, or local law including, for example, safety equipment necessary to prevent or
handle spills, fires, or other emergencies.

The production facility may be assembled from various transportable components. The
25  facility may include non-transportable components. The components are preferably designed for
casy assembly of the working facility at the site. The components may be pre-fabricated. The
components may be interchangeable and may provide for scalability of the facility. In certain
cases, the component system allows the facility to be easily assembled and broken apart for ease
of portability. The various components of the facility may be brought to the site using any
30  combination of transport means (e.g., air, water, and land). In certain embodiments, the

components are brought to a site with certain infrastructure which may include electricity,
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In some cases, the process uses biomass from a local area in a small scale and/or mobile
production facility to produce a desired product locally. The locally produced product (e.g.,

20  ecthanol, butanol, gasoline, natural gas, hydrogen gas, and hydrocarbons) is then preferably used
locally to avoid the cost of the transporting both the biomass and the final product. Preferably, a
local water source is used in the production process. Other reagents needed for the process may
be provided by the facility or provided locally. The waste or co-products from the production
process, ¢.g., the distillers grain, can be used locally as a highly nutritious livestock feed or as a

25  fertilizer. Other waste products or co-products from the process such as biomolecules,
carbohydrates, protein, and polymers may also be packaged, used, and/or sold.

The mobile component-based production facilities and small-scale production facilities
complement larger-scale production facilities (i.e., facilities that produce over 10-20 million
gallons of ethanol per year). In some cases, the inventive facilities may eliminate the need for

30  large-scale production facilities in some areas. The portable nature of certain systems works

especially well given the cyclical nature of crops and other biomass in various geographic areas.
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such as acids, bases, oxidizing agents, reducing agents, and/or solvents), and/or one or more

20  thermal processing steps (e.g., pyrolysis, in the presence of oxidizing and/or other agents, and/or
in reduced pressure environments). By increasing the brittleness of the material by cooling and
improving the efficiency with which the material by cooling can be processed, ¢.g., by
communution or separation, processing costs (e.g., energy-related processing costs) can be
reduced and intended product yields can be increased.

25 Moreover, when a multi-component material is cooled, different components thereof will
contract and/or expand at different rates and/or in different amounts. In certain embodiments,
this process can lead to breakage of chemical bonds in the material. For example, this cooling
behavior can introduce stresses between bound components, leading to processes such as
delamination, fracturing, peeling, disassociation, and separation of the bound components. As a

30 result, the efficiency with which the components can be separated — and the yields of various

intended products derived from the material — can be increased or decreased or kept in balance.
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below its glass transition tenperature the &h ysical structure of the lignin

can beowramglmenhany s matctiplds reajed helewrthe temperatei af whighttee Matcehal
stres %%§or}% ‘tt}itﬂe Etﬂg “brittle point” of the material). This brittle point of a particular material can
be measured using commercially available testing equipment, e.g., the Benz BPT2100
20  Brittlepoint Tester available from Benz Material Testing Instruments, Providence, Rhode Island.
In some embodiments, the material can be cooled below a glass transition temperature of
one or more other elements or components in the material, such as hemicellulose. Similar
considerations to those that are discussed above in connection with lignin apply to hemicellulose
as well. In particular, cooling of the hemicellulose can make it more brittle, improving the
25  efficiency of subsequent processing steps. Cooling can also introduce internal stresses within the
biomass structure, which can lead to separation of the hemicellulose from other components
(e.g., cellulose) in the material.
The material can be cooled to a temperature of, for example, 400 K or less (e.g., 380 K or
less, 360 K or less, 340 K or less, 320 K or less, 300 K or less, 280 K or less, 260 K or less, 240
30 Korless, 220 K or less, 200 K or less, 150 K or less, 100 K or less, 80 K or less, 77 K or less, 70

K or less, 50 K or less). In some embodiments, the material can be cooled to a temperature less

10
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100 K or less, 80 K or less, 77 K or less, 70 K or less, 50 K or less). In some embodiments, the

293

20  material can be maintained at or below room temperature (e.g., 293 K). In certain embodiments,
the biomass can be maintained at the temperature of liquid nitrogen (e.g., 77 K) or less.

In certain embodiments, the material can be subjected to a sequence of heating and
cooling stages that are selected to cause further disruption to the association (e.g., suspected
covalent bonds) between lignin and cellulose and/or hemicellulose. Rapid thermal cycling of the

25  material can introduce internal stresses within the material, which can lead to separation of
biomass components (¢.g., without further processing, or as a result of further processing steps).

In some embodiments, multiple different cooling stages can be used, each of which is
configured to cool the material to a different temperature. For example, in an initial stage of
processing, the material can be cooled to a selected temperature and can be processed (e.g.,

30  mechanically, with radiation exposure, with sonication, and/or with various other techniques).

For example, in each subsequent stage of processing, as the material particles can be made

11
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nitrogen (e.g. K) or Tess. In certain enbodinents, the material can be

subj ednbentedybuil ds@ﬁrewél@sw ima geldrimati(cebovherg t@taézg@ge eRRtenhicapsEtast ed to
cause fuﬂhé Eh%rcog}lﬁ%ﬁ&ﬁddog dés‘é’trfap‘?) é‘sl%&%%} 10p (18:@: rl f%?scﬁq%g o?@én

bonds) ul 65¢€ an hem Ce he nal

cycl i g peffotrhel whildthe maadriat éninitihkiQdug con mtrahnl&irg§bﬂ’£1$[$es Wi t h| n the
material, which can | ead to separation of _biomass conmponents (e.g., W thout

further prdeebes dripilsgf cgaling tf%’*élamts 8 deggribedn B Seial Noy 33629, the I'n
Sqfe ARRAL AR shicHhe fn@é)r%Pth{] W%%re&%%efeﬂ%b%{z@ges can be used, each of

which s configured to co material to a different tenperature. For
exanple, in an initial stage of processing, the material can be cooled to a

sel ec t n be processed (e.g., 30nechanically, with

r adi aﬁﬂ@ggiﬁgﬁ(ﬁﬁ“@gm cation, and/or with various other techniques).
For exanpl gixaliplRa¢ Br&@@%%%%@@hls%ﬁ% iR theRhQRESSARE b FdNE alBhEWh &
particles can be nmade WO 1/ 087965PCT/ US2011/ 020583 i ncreasingly snall er,

t he rr&tl@& larl3 a@érd@@@lbc@btlew tlo thege 6:36#811&191167011 m@rcommpemtapﬁﬁl@wmm, énthe her
p cesse ont i nu the size articl d/for, further

1350 S50 e SR s Be hOPNE MeFa BF o BEmBke 4R PORBLERRE G Ghiclscoct at e
Ilgm rlrefhbt@ryﬁ@hloub@sﬁmw&h@frcdﬂm@n@ﬁhbﬂﬂfé%@»&te@r to change the structure. 5in
sone cases, cooling can be performed by |eaving the material outdoors or in

an unheat ed16ui Befwig @yrhe@ﬁm é@@fa@ ofrt biomgssresdspag eyytemd 00 hrkera 10fe

eren S8, SO IS 0 0 0 FRRBLLI PGB SE b3l tofhan 0, 1o

mat er icahduis104) atséc&malnhaterﬁl grqcemm%ufbl:mﬂam TR g@roatssshinfaterial reservoir 110Fur t her
detail s of C@&J;ﬁ 8 treatments are descri bed |nakJ S. Serial No. 12/502, 629,
wdg

t K8 10ndrsep PPRAK UEH 1h&s DiFB® PRI dhaisFial siosddR storags @it dddy e
Pm%%h%ré&%?%dult 114 to first material processing sub-system 104.

Sub-system 104 can include a variety of different processing units. For example, in some
embodiments, sub-system 104 can include one or more mechanical processing units (e.g.,
grinding units, agitation units, milling units, abrasion units, chopping units, shearing units). In

25  certain embodiments, sub-system 104 can include one or more radiation processing units. The
radiation processing units can include charged particle sources (¢.g., electron beam sources
and/or ion sources), in which the material is exposed to charged particles to cause alteration of
the material. In some embodiments, sub-system 104 can include one or more sonication units, in
which material is exposed to ultrasonic waves to alter the material. In certain embodiments, sub-

30  system 104 can include one or more pyrolysis units and/or one or more chemical processing

units. In some embodiments, sub-system 104 can include one or more steam explosion
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Exanpl es of processing systens for use in the nethods described herein are
shown in FIGS. 1-3 and described below. In these systens, one or nore
conponentwoab11tis®esyst em or the 15 system as a whol e, eam/useo1ORISEE.

Mor eover, one or nore of the conponents can be |located renotely fromone or
nore ot her conponents of the system FIG 1 shows a schematic diagram
of a biomass processing system 100. System 100 includes a naterial storage
unit 102, a first material processing sub-system 104, a cooling, conduit
106, RUEEIRBURE 4P PAPCH Bgérﬁ‘ﬁgs%g’ﬁ?%l(z AaClude e dRUE FORRIHP
reser \Wilesd poceRB@Nhi® cooling fluid supply unit 112. During operation,
material stored in storage unit 102 is transported via conduit 114 to first
mat eri al progessilngpbsyistesy Eddeganindude any oncumasy of dmabovk praceskinglunds ia

iety of diff t ' its. F le, in. nbpdi ment s,
b oyt SRS B o S0 Ghi BShOBY o TBRRSHP EB % BLBLE RGECRT g Bry.
gr bndigfghcUuhteSal, Rrepdrhtsh foRFilrther Plokbdsing sepist $n scbil @BbOAMUAY shib-sGheRpi ng

units, shearing units). In 25certain enbodi ments, sub-system 104 can

i ncl ud@4 s it berpresert atiplhtand masered evaibegranpficrrsd direrslyrfzeim storass ypktddddei ng
uni 1S <GB EHE 06 BIQ BRI L BeSANICER. bl LSRN BRI AU 5
and/ or 1 orr sources), In WhiCh “The ateri al o 1's exp%seclS & %arge particles

to causcudd 4 proadssidg s0b-sidiem Mot eThakaridus compon@nd TR Dthaye Beth-dBycateh 104
can include one or nore_sonication units, in which material s exposed to
ul t r ag8nYCinGaDREStio Walht FIE. { pandrtaeie desariptions e PelAFPeAStd diivBRINs, sub- 30

syptem 104 K‘e@é}rihg%&{{?% tf’fst? 1? LGRS mRYHl Ha b%teh’ B}otscg%séﬁ‘ﬂ{ Qb-K¥EnPl04TRLE

chem cal process uni n sone emnbodi nents, -system’104 can incl ude
one omyrmttmgstleppinexficosng or shied@iag 1th® 8186 PETradS20td ¥ 020583t prdwessi ng

units. In so e dijrents, .sub-syste 04 can incluyde, one or .nore
conbi (8PP0 1tﬁﬁés§°?)‘t‘%%‘§ iswgﬁﬁ HPIE?.‘% supplics ?%T@gh*&l% e,-g-sleﬁdv@rﬁg&ogﬁﬁl 104

can i ngliAddeosEy ni%gerpéasﬁﬁ{cﬁoﬂtqutichﬁelﬁﬂi)Xrﬁi/&r é?)%f&ﬁi.eﬂgm%.h,ta%d/d:r Mg@#dargon
conbi nation. Sub-system 104 is generally configured to provide an initial

st age aofl/oaredediricon g&bhnd/hiesaldt(Ei aid/orilmupt €Paraatlion iqhidraif amdtdigpolpd ocessi ng

steps. In so enbpdi nent s,,,sub- syst 04, ray, not. be present at. all. and
oS0 rearebus ST BN FEb R of ML o g u sl is Rn BB o R, Rotine
conduichbndifif1 06Fh@he &irsdfioWShaiin ByYRE6 MEB! AQfthe@mbRtier ialesRhREES sbritmitsSst em
that does not include a processing sub-system 104. The various conponents

i n FlI &-82onaventeshdayicscush ade etityeron beltepres en pegerhithermuteaal i codlpdiviehei r
descript.i re.pot r. . @; Lot .rijmg again to FIG 1,
after ht%ﬂe&r@r% n%re i%vé %9828%22%&%?@%%% e%olﬁﬁg 21 Ejlbd S;t% elrﬁnlrnrl ?f , €.9., by cutting,
choppi ng, Skikar thagataial sdackgdhaignd dfhwotiag esrdait 106, the atusdréal isaehngp@tedondui t
116 to cooling conduit 106. Cooling fluid supply unit 112 sup(gl ies cooling
f Ui o treugh condugiiily ipecpbg B ARUPOFCEBSISEBrsHtendden IRy aame eRavYEMCePqui d
hel i u %@1% ﬂ’ﬁid%ﬁl%l? dnfighd YiB9Rs cocﬁfﬁ%/ R a@8h&uitT 898 second sub-system 108, as
shown in FIG. 1. In general, second processing sub-system 108 can include one or more of any
of the processing units disclosed herein in connection with first processing sub-system 104.
Exemplary processing units include one or more processing units such as grinding, chopping, or
25  shearing units, radiation processing units, sonication processing units, pyrolysis processing units,
steam explosion processing units, and chemical processing units. Cooling fluid can be recycled
for further use in cooling conduit 106 by transporting the fluid via conduit 124.
The processed material, after emerging from second processing sub-system 108, is
transported to material reservoir 110 through conduit 126. Once in reservoir 110, the material

30  can be subjected to further processing steps, including any one or more additional steps from

among those disclosed in connection with processing sub-systems 104 and 108 above.
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and/ or cool ed argon gas, and/or solid CO2 and/or liquid CO2, and/or |iquid
air and/or cool ed 15gaseous air) to cooling conduit 106 via conduit 120.
The mat erweal2oigsreeansported t hrough cool i ng conduit 106PCH/USh@ 1826588t i ON
shown by arrow 128. As the material noves through conduit 106 (e.g., on a
transport device such as a conveyor belt and/or an auger), the material is
cool ed via heat exchange with cooling fluid supplied by cooling fluid
supply unit. 112. When.the material reaches the_end of 0l i condui t 106,
*he” ma v eNsog PA9iSoR: b8 PR LR ST B0 YR o GG EBR] PN T

pr ocesgd 1 ' i ' pply unit
2 e B o O S A REE) e
shown nhigroBrg@nismns, suchge hestattia argbergredstpind vessusmyemidal sandtobamic@Bioranlatingd ude
one or anrf.of any of the processing units disclosed herein in connection
with APP&UBPBeessi ng sub- system 104. Exenpl ary processing units include
ong Or NDr @nREMAE emBbAichcHR the nSd&ihl AScfirhitddde.gC RANE Hidro@id, darighear i ng
units, radiation processing units, sonication processing units, pyrolysis
pr oceseplig. UrircgampleeBly. Sxyprvs b axpnrplewssitagimentof 2 miHmeamemghatgapcessi ng
units. i fleujd. C e . 0 thar I Ry | i onduit 106
byt AREEE Pt of B R REXSIRE W0l Rkl RuBBQ BOBOCT

af t er isstedgian@nfiiioP0 S et wiicle eaiiapisstabsmyst e FixkdBlades 204 apppsitibed t o
material .reservoir 110 through conduit 126. Once_in reservoir 110, the

mat er iV9fhindesandet sRofpteg blades00ue ptiched aeesafrally sesivirncdishelt 308 nguErs one
of o Nor, It . : | i ction with
prlgces?gf%ggfé’l}'t}?g‘?{se? 3%@9%%& ity oggé‘%tgggga%l\zﬁzbgﬁg SRV RIER Us2011/ 020583
Al t er nat i vélommarially amgithibild eeze nhiBingy feersseiddimgt eyomillicgandeysgimdet ed to

addi ti onal processin eps, .includi one or e processes usi.ng.

bi ol o§KRMBLEAY E° gﬁf_%hsia@gswyws@ Qb Cﬂ?@%@ésﬂﬁmf% eﬂmagn%%%fn a
and/ orhyRagtaRNekatRdsULomRRI iR SvaABBlc CRRIFH BRI (iU AbigRtheande M1l ons.
5 n sonme enbodi nents, the material is connlnuteé, e.g., mlled or ground,

dur i n@8¢ocivariaple from SBENpleiPrepn, BletgcheholNew darsex ang thzr gryegebedirmgling of a

m Ll uni t hat ,can form.a portion of ,either or.both, of prgcessing
CUB. syt miH pE ortoMBrb SitorSis” PAc S BP R i B PR Rk
whi ch padtagt hdd Airdiliid®SRYonRbmbddkachth tRelesigéntah £ inolats b precbolnt Atda, t he
conduit. Rotating blades 206 are attached to a centrally positioned shaft
208. DB hepoliogsereyponichupa caeledpiray cxgudar| lrpgpraheasaphduidaitiagering acti on

of bl mer.ciallv. avail e fr LLLing,. freeze
o A A e cosBTTRLSELL L ML B8, B
equi prfemnéxaapid)ibpasedplcating gih ot bthendt@entalFonketdmglonhe prihdiag deficd may be a
mat eri al .  Exanples of co rcially avail abl e cryogrindi ng. deyi ces incl ude
* R Frnaid ) R $en65%,pr%f_ P BF BofroRTaPEOtds THsTahbe MERIRRLAS New Jer s ey,
and t QGnt%lYéagtﬁllHughwt 'fé&l'iﬂ'ggand grinding.
Freeze grinding may be combined with irradiation, in which case irradiation can be
performed before, during, or after freeze grinding. In some cases, freeze grinding can reduce the
amount of radiation that is needed to reduce the recalcitrance of a biomass material or process a

25  hydrocarbon-containing material.

OTHER PROCESSING STEPS
In general, the cooling methods disclosed herein can be used with a wide variety of
different biomass and other material processing techniques. Exemplary techniques that can be

30 used with the cooling methods discussed herein are disclosed, for example, in the following

patent applications: WO 2008/073186; and U.S. Serial Numbers 12/417,699, 12/417,707,
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15devi ces avail abl e from Pul va Corporation, Saxonburg, PA. Oher suppliers
include Air Products, Praxair, and Air Liquide. In sonme enbodi nents, the
equi pnentwory1l/oscde8de a pre-cooling area, e.g., a cooli rgTasaMepersssuch as
a cool ed screw extruder. In sonme cases liquid nitrogen is sprayed onto the
material to be cooled in the pre-cooling area. The grinding may be

provi ded, for exanple, by a reciprocating pin or other elenent. For

Char ta 7 apol it i B2 AT Al G e il Bl aa s BT Bt B Gughout

feedi ng/AndOar i NG9S, and 12/486 887 ST di0dbRd cH@NnMe@l@H@é e%én@ﬂall? be used
irradiation, in which' case irradiation can be performed betore, during, or

after bfefoe%zc?emgg; andiomgften anysuitle pl@swlngftuémmegd%ndbﬂba@an areedmnetm@i armount
of radiati s needed . to reduce t rec e of i onmass

o errar oRoniaRtn eI EEHS Bt i SRE fbas, PROCESS! NG

STEPS advantageblls #B&EHRY in EOBLRGSH With,Ef. h@éiﬁredirﬁlﬁbdlﬁt@@r ei'f%l’r Sriiugiap, the used
with a wide variety of different bi onass and ot her materi al processi ng

t echnicqelées metheapdiselgseddermn.qliegenetshisopigntiayepraerssisg @f wiatdsial hetiesidyy eﬁg

ot onpnsny AR IRRISLELY B Grias gRe Rt ARSI R DAY, oo

12/ 41 7ak), WNR @ liks ARTARGS BGTISUBROLUA 205 8nk24tdib Tof TROmatb R4 18, FA3ial
12/ 417, 731, 12/417,786, 12/417,840, 12/417,880, 12/417,900, 12/417, 904,
12/ 42$CeRpBes Taofg b{lﬁzﬂ%%d isdgss ablfelodicEu Mg SerPEBYS) P rieridat MseBariesh WaeReHAIaTy be

uggd Flgﬁ tr)agﬁ EisLoﬂ Flé Rﬂo@élt Em WALS rdslle, (RE OFRRABLP U ifh&ONEA Whation

descr ement e |cat|on processing techniques can, in
certamﬂéanbuddmmgﬁsheheummmhmnubamdy 5advant ageous when used in conbi nat i on
with, e.g., before er, or,.durin he cpolin nethods

me
di scl osed Hw@?ﬁembﬂéla@ﬁ@r E?th B%t Ao AR LS Eir fitsCien gng{orjiqn

ef f ectyo¥@sAb pRbdeSy B@rikinGnHR @ﬁicaiaﬂ?taavmag&%aé wﬁé&?@ie’d%@ céﬁbﬁlaﬁomhﬁrl al via
mechani cal” waves (e.g., sound waves When cool ing methods are used to

reduce:. g H@fcnrempén@dlmlef adifer, toh duneg, epolang ofithe materiet. i Fdr chempleem eevirm brittl e,
209, S0 BoSLPE RS Rl B RS 2n "
effi Cl&f&ﬂatﬁ%lyhtﬁMih&&leﬂQﬂh gt beBosItd, @&l ittwal iftagiRAYes., ihaibBsehd BI8)I The
' ner eargcﬁgtlon dose may be, for example, from about 0.1 MRad to 200 MRad, ¢.g., from about 10
MRad to 100 MRad or about 30 MRad to 90 MRad. The radiation may be delivered in a single
irradiation step or multiple irradiation steps, and the material can be cooled between irradiation
20  stepsif desired. Such cooling is described in U.S. Serial No. 12/417,880.
Exposure of the material to certain types and dosages of radiation may increase the
brittleness of the material. The material can be cooled to decrease its temperature and further
increase its brittleness. During and/or after the cooling of the material, the material can be
processed (e.g., via milling, grinding, shearing, and other such techniques) to alter the material in
25  preparation for further processing steps that produce useful products. Alternatively, or in
addition, radiation exposure (e.g., electron beam exposure and/or ion beam exposure) of the
material after cooling the material can also be used to further alter the material and/or make the
material more brittle. When both radiation exposure and cooling are used to make the material

more brittle, product yields (e.g., ethanol and/or other alcohols) can be significantly increased,

30  and the amount of energy required to process the material can be reduced.
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In some enbodi nents, techniques that use radiation (e.g., electron beans
and/ or ion beans) to process material can be particul arly advantageous when
used in cwobnasress with, e.g., before, imedi ately aftecT/useoidoeisag,
cooling of the material. For exanple, in certain 15enbodi nents, materi al
can first be irradiated (e.g., in sub-system 104) before it is cool ed.
Alternatively, the material can first be cooled, and then irradiated (e.g.,

i n sub-sys en1108) The radi ation dose exa |l e, fromabout 0.1
MRad to 204" e@badlmeflrso%uhwgm B R eCBinit PR s 30 VRad § 0
90 NR%ﬁern-ﬂ?@g E&ﬂﬂn@fah&’ AcdtRY: s?a%esj Ql gnV&ftl?Quﬂ \K)ltﬁ"mﬁ b A@liSndl "rﬂ&ﬁérﬁédl QPofhkEeP Of

mul tiple irradiation steps, e material can be cool ed between

i rr adipaysiod pmmlpg Chufl b@lemdrte@rocswcmm@@uhh ng.ibsontkss c Fobednipte, kad.  Seri al

No. 12/417,8 po of t to certain type dosages
o r agPSrilt gy SR PRt BTG Bivelatg R ot B ok navbi Ry ARG ERE o) "o
bescophfftld Qz0R8GERASE Edch doBIREstBdER RAE A dr RigfferbMqE g3 dyk&nDeant t | eness.
During and/or after the cooling of the material, the material can be

proc es@@we(%eplgrahtw%smwlm m@ng §ub-pusiares). &heoamq erbodimants the sysiere Kan _
t echni; I?ﬁ&fe) §18 %"c&?ﬁn %‘t% hl(a:otugh Qv&?%pthg 'EefHa g&sés%um&ife 01\;1% Processing

st eps uce u erna Ive % on,

r adi atAlwﬂnm@su{c&rt(am @nbod(ﬁhaﬁ‘s rdiffciogedvoting o iidse c g dbeolingd mgebelameoqm@ ure)
of the material after cooling the material can also be used to further

al t er DiGTBASYIR Eifeggnt IEHRBUTSBIHCR REPIRETEEYY&lY 19K dTBPFTPIS) OS5t

rag |a §¢g fand cooling are used to nmake the material nore brittle,
produ Ie 9&%@ , ethanol and/or other al cohols) can be significantly
|ncreased EB@ﬂa@ﬁ1nheﬂamamhbmuhnsnemgyﬂaendwm&dlmmcgﬁmgesge$hmlnamedual can
be reduced MO 2011/087965P / US2011/ Q20583 taln enbodi nent s,

mul ti PRI R B BEIEISY R §T uatje Jhe gpalegialurand ng cool i ng

and heatijti&t BARSH R Gme ﬁ%ée‘@sﬁg' hnMuln@pa& tlﬁféglla&luwﬁ{e FREehARIGRI U@ Ot her

physi cal processing, can used to process a material, e.g., biomass. For
exanplneyltiplamiechum cd swity. eTlsft wyts C@aﬁﬂfbl strinidar te emwwthdneormmewé éhasinits caf t he

bi.omasgs rticles a desired Sparticle size is reached. Each cooling
sgggedﬁﬁﬁ%ﬁg é?ﬁ?*%%eﬁﬁmﬁﬁPFéP%Z? (e.g., the systemcan include a plurality

of simlar 1feehdrilga Stidk vy RtyCHEdiffeleht RN BRRALABALS th RE0ISHS hRMr&AN In
i nclude a single cooling sub- systen1through which the material passes

nul t i phecmberimentadisepsiad Rasieyliquic apdipt eglé sesepponifreaesvagiisef @ tcoebe i ng
f;ﬁg o lu Qdarlggm&e‘% 1h sB&e%%x@%ﬁ%g@%ﬁép@ 8&50&%‘?1{1&' c%HRI?a%Sf&{ru‘eag ?é% lg nr§8tmclu8m1g
10pr odail Hdi@mybiyyeidioxlygen, liquid hydrogen, liquid air, other such fluids, and combinations
20  thereof. In certain embodiments, the fluids can be gases rather than liquids, or can include solids
(e.g., ice, solid CO;) mixed with, or instead of, the liquids. For example, a wide variety of
cooled gases (including cooled noble gases, cooled nitrogen gas, cooled oxygen gas, and cooled
hydrogen gas) can be used in place of, or together with, liquid cooling fluids.
In certain embodiments, solids can be added to the materials to assist in processing the
25  materials. For example, solid CO; can be added to the materials to assist in altering the materials
in one or more processing units. Other solids that could also be used include ice, for example.
The solid may also be a solid element that is later removed or separated from the material, e.g.,
one or more balls, pins, or other solid milling elements.
Optionally, the processing systems disclosed herein can include a separation sub-system
30  that functions to separate various components of the material after the material has been cooled

and processed. For example, when material is processed to disassociate lignin from cellulose
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Simlarly, in certain enbodinents, multiple mechanical processing stages
can be used to process bionmass or other materials such as petrol eum
product s.wohei1wsresi al s can be recircul ated through thePsarsS2@oeEssi ng
unit nultiple tines, and/or the system can include nultiple nechanical
units. The units can all be simlar to one another, or sonme of the units
can 1lbdiffer (e.g , in structure) from one anot her. I n general, a
wi de va rent caoling fluids can be used to cool P terial
tgpieq

I'n thé‘n@/%h%‘f‘ﬁﬁwt‘ ST Y 1 of PG1UgC 4anasri oISy SIS RAe8 &yen was

used asmbethe %%h&s@&afe‘d‘ligﬂm F@M‘dﬁ@rmetlhdhsSﬁ%dﬁlfg%%eﬁ%ﬁaraﬁﬂﬁngﬂho&@g&hOt her
cooling fluids can be used, including |qU|d hel fum |1 quid oxygen, liquid

hydr oge |d¢calnt1qgu odnmfmgln@tdmﬂlagqm hinﬂ lewiratgion zanl be bedi th a¢paoats tiRGohmosafts,| n

certain e fluids e r.at h han | iguids, or can
ol -0 i o the' gl colPRer T e Re oy gk RSB ¢ he

l'i qui C!@drolé@frboﬁmml ¢ sadtd WOk r Viadthls YvHaéh €@ el ehpias@sed(in igd wﬂhﬂ&ﬁoﬁ@tﬂi ed
nobl e gases, cooled nitrogen gas, cool ed oxygen gas, and cool ed hydrogen

gas) @aﬁerben%@thpm%h@@yabpmc@ﬂsmgo@@nn@afl pyReeksing, japd radiation|ckpePULd Ui ds. | n
certaif @%IﬁEﬂtS solids can be added to the materials to assist in
procegélng e 25materials. For exanple, solid CO2 can be added to the

material s tThedssdesding sy sanisadisdi@set] herciras rdpaibsallyninOlnge Ofic HHErepratRssi ng
units. Qther solids that could al so be used include ice, for exanple. The
sol i d SHEQNRIOGBITRdICS vaRPySVEIiRgAgANTS hAtiFWarly pafer ﬁ@%waerolﬂq%%pw%%d from

t h@ m%ﬁrﬁéﬂh?ﬂ sulfoxfe: C—)plﬂf&eché)hafgl)fafs Bl bam e@b %llo@{ngﬁg%glﬁgéa (ﬂ bees dh%hﬂlgs

he processing sy erelin can
i ncI udeclaaﬁhpan%gmmtshdwsyrsFK}nSBmetm@xIessfmlgls;tstecmmsatt nckidpaspiagervhati adds

conponents gy erlaﬁ after 7ﬁ§ mat eri al has heen .copl ed and
pr oced¥dd. 2 c?F OHICLAING oikeRattHEk r e SPray St eied IPBHH%Q SBECHPR 1 gni n
from ggithdsk @%ﬁle\é&@l@ﬂy&%&@R@E{e%&lah/@&%&ﬁd&ﬁ%/&raﬂ@ﬁﬂﬁb aaldivhgRRd, the

processing system can include a separation sub-system configured to renove
t he d|tb®m§®camb®ﬂozqngmtmthe\7alrfa®§9f &@tmddées tp ﬁnshmdadi@sq@hyg‘he éﬁmmﬁareactﬂ on

Susdie PHCCafardPieEh e urRBRl be L0 LRk 1o BihRF v R REAGTRRA" o7

Corrpo neNdgpliel nast! IFaRB&etH ddrasl EnboliREnta|cha®fes SARdraplddRahgdty B e ar bons in an
oi | sand. Other methods which can be inplenented in the separation

subsyé@éﬁﬂmﬁﬁﬁﬁﬁbeﬂﬁé¥ﬁb@ﬁ@ﬁﬁb@ﬂﬂ@¥6@é@§@ﬁéSU@%@W}caI processing, and
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TSt s applled, Lhe L sean bo e 9Zen, OPLe LR S LaGEROlnd fiR,Par U Ol s
processing are disclosed, for example, in U.S. Serial No. 12/417,880, the disclosure of which is
25  incorporated herein by reference.
In some embodiments, after the materials have been processed using the methods
disclosed herein, the processed materials can be contacted with biological agents such as
enzymes, and/or with microorganisms such as yeast (e.g., P. Stipitis) and/or bacteria to extract a
variety of useful products from the processed materials, including products such as hydrogen,

30  alcohols (e.g., ethanol and/or butanol), organic acids (e.g., acetic acid), hydrocarbons, co-

products (e.g., proteins) or mixtures of any of these. Suitable biological agents and
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15t he material can undergo one or nore heating-cooling cycles to further
swell the material with the applied mst. Further, in certain enbodi nents,
changes, wOogo1/a8agsd changes, in the tenperature of thePoRitSRé1AI02658M
further alter the material structure. I n sone enbodi nents, nultiple
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and/ or butanol), organic acids (e.g., acetic acid), hydrocarbons, co-

products (e.qg., proteins) or mxtures of any of these. Suitable biological
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of the material, allow ng the conversion of the cellulose to sugars, which
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cel | oBymbetic cellulosed;or mextar® o€ anypotihefeeedst ocks or bi omass materials can
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related materials, e.g., particle board. Still other biomass includes natural fiber sources, ¢.g.,
grasses, rice hulls, bagasse, cotton, jute, hemp, flax, bamboo, sisal, abaca, straw, corn cobs, rice
hulls, coconut hair; fiber sources high in a-cellulose content, e.g., cotton; and synthetic fiber

25  sources, e.g., extruded yarn (oriented yarn or un-oriented yarn). Natural or synthetic sources can

be obtained from virgin scrap textile materials, e.g., remnants, or they can be post consumer
waste, ¢.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 (e.g., effluent from paper processing) can also be

30  used. Also, the fiber source can be obtained or derived from human (e.g., sewage), animal or
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duce . simlar results ent,s that sublinme generally undergo significant
ngSE“FHﬂﬁBPQfWC%?&ﬁ%T Agg?gﬁf¥§ é?%ﬁlltlon Such agents can be
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and/ or " aci and ases can be a mat er i rous agents
can r @asducwidriatidteand extraction. In general, certain components of the material may be stable

20  in the presence of one agent, but reactive in the presence of other agents. For example, cellulose
is stable to bases, but is altered by acids. By introducing bases into one or more of the various
processing sub-systems, one or more selected component(s) of the material, e.g., lignin, can be
selectively altered and disassociated from other component(s), ¢.g., cellulose and/or
hemicellulose, improving yields of products derived from the material. Chemical agents can be

25  added to the various processing sub-systems as liquids, in solutions, and/or as gases. In some
embodiments, the agents can be introduced in gaseous form, and can be condensed into liquids
as the material is cooled.

In certain embodiments, various chemical oxidizing and/or reducing agents can be added
before, during, and/or after cooling to promote separation of at least some of the material

30  components via chemical reactions. Cooling alone, or together with one or more of the

processing techniques disclosed above, can be used to promote modification, restructuring,
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material before, during, and/or after cooling to further assist in altering
the material prior to product formation and extraction. In general, certain
conmponentwoab1itis®esat eri al nay be stable 20in the presemce/ustoloneosagent ,

but reactive in the presence of other agents. For exanple, cellulose is
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pr ocessoled an@privdscdusing dratethedsalistiesan haleintolfromsRdepatidresitvadibher types

of materials such as hydrocarbon-containing materials (e.qg.,

pet r olBIRPRBYS o the Aterist enf & wrulatgrepppiagis duynpsigmey edVaTsetimaednt ai ni ng
mat er L. @l ;4 i v, g i b _ . - 0kd o sands,
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cdh bend oathlytic anavapsiac és seprous ihegffitienayatndad sediic s teasstcb flsackeproctssespr onot e

separation _of various. conponent f..the terial, and to requl ate

Cenper at ur 45 GO ORI G TadmALiclhet B ioe ioG! P UBHGEEb s such as
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catal ytic conversion, to inprove the efficiency and to reduce the cost of

such peatseddegncthods can pg usasirforenopicntorseparatepstralstimewntainisg nvgetlhizemi n can

be us%d(%g igt&qulgng%ori§58a;%%e h%ggocarbon-containing materials from
mat er P41 S "SUe A QL8 MOSARGS ST EHATE" and tar sands. The nethods can be

uged, for eaxabRowing sseiasatLioRs hEted QuMpERBEsMAtEYS ARbBElssdS id @mrgand,
rock, and ot her inorganic and organic matter. 20ln the follow ng sections,
var i 01890k #lene griproaddniongvish apsofdhepicesingdedniquss displeped herein, can be
used to improve the efficiency of these various processing steps.
Crude oils typically include large numbers of different hydrocarbon species, ranging from
relatively light, volatile, low molecular weight hydrocarbons, to heavy, dense, highly viscous
25  fractions (e.g., heavy oil, bitumen) of high molecular weight. The heavy crudes typically contain
more sulfur and/or nitrogen and/or metals, relative to lighter, sweeter crudes such as the West
Texas Intermediate, which is traded on the New York Mercantile Exchange. In general, sweet
crudes include relatively low amounts of sulfur-containing compounds; the sour crudes include
larger amounts of sulfur-containing compounds. Simple refineries are generally designed to

30  handle sweet crudes, while more complex deep conversion refineries are required for the

processing of heavy, sour crude oils.
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cooling alone, or in conbination with any of the processing techni ques
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Preheated crude is then sent to a distillation tower, where fractionation of various
25  components in the crude oil mixture occurs with heating in a distillation column. The amount of
heat energy supplied to the crude oil mixture in the distillation process depends in part upon the
composition of the oil; in general, however, significant energy is expended in heating the crude
oil during distillation, cooling the distillates, pressurizing the distillation column, and in other
such steps. Within limits, certain refineries are capable of reconfiguration to handle differing

30 crude oil feedstocks and products. In general, however, due to the relatively specialized refining
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25 be extracted from the column, including natural gas (which can be further refined and/or
processed to produce components such as heating fuel, natural gasoline, liquefied petroleum gas,
carbon black, and other petrochemicals), and various by-products (including, for example,
fertilizers, ammonia, and sulfuric acid).
Generally, treatment of crude oil and/or components thereof using the methods disclosed

30  herein can be used to modify molecular weights, chemical structures, viscosities, solubilities,

densities, vapor pressures, and other physical properties of the treated materials. In general, a
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densities, vapor pressures, and other physical properties of the treated
materials. In general, a WO 2011/087965PCT/ US2011/ 020583 | arge nunber of
di f f er entwprot@sstsng protocol s can be inpl enented, accoPdirng2410/020383
conposition and physical properties of the feedstock. Prior to and/or
followng distillation in a refinery, crude oil and/ or conponents thereof
can undergo a variety of other refinery processes to purify conponents
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fluidized bed processes, wth fluidized bed processes being nore prevalent.

Process flow is generally as follows. A hot oil feedstock is contacted with
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by steam stripping. The catalyst then enters a regenerator, where it is reactivated by carefully
burning off coke deposits in air. The hydrocarbon vapors are directed to a fractionation tower

20  for separation into product streams at particular boiling ranges.

Older cracking units (e.g., 1965 and before) were typically designed with a discrete
dense-phase fluidized catalyst bed in the reactor vessel, and operated so that most cracking
occurred in the reactor bed. The extent of cracking was controlled by varying reactor bed depth
(e.g., time) and temperature. The adoption of more reactive zeolite catalysts led to improved

25  modern reactor designs in which the reactor is operated as a separator to separate the catalyst and
the hydrocarbon vapors, and the cracking process is controlled by accelerating the regenerated
catalyst to a particular velocity in a riser-reactor before introducing it into the riser and injecting
the feedstock into the riser.

The methods disclosed herein can be used before, during, and/or after catalytic cracking

30  to treat components of crude oil. In particular, the methods disclosed herein can be used to pre-
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The net hods di scl osed herein can be used before, during, and/or after
catal ytic cracking 30to treat conponents of crude oil. In particular, the
met hods dwechugs®eser ei n can be used to pre- WO PCT/US2011/020583
2011/ 087965PCT/ US2011/ 020583 treat feedstock prior to injection into the
riser, to treat hydrocarbons (including hydrocarbon vapors) during
cracking, and/or to treat the products of the catal ytic cracking process.
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formation of tars and sul fur dioxide. In both processes, the volune of acid
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and | %%érhtﬁ?et {hQ hydrofluoric acid based processes, and care is used to minimize oxidation-

reduction reactions that lead to the formation of tars and sulfur dioxide. In both processes, the
volume of acid used is typically approximately equal to the liquid hydrocarbon charge, and the
reaction vessel is pressurized to maintain the hydrocarbons and acid in a liquid state. Contact

25  times are generally from about 10 to 40 minutes, with agitation to promote contact between the
acid and hydrocarbon phases. If acid concentrations fall below about 88% by weight sulfuric
acid or hydrofluoric acid, excessive polymerization can occur in the reaction products. The use
of large volumes of strong acids makes alkylation processes expensive and potentially
hazardous. The methods disclosed herein can be used before, during, and/or after alkylation to

30  treat components of crude oil.
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(iv) Catalytic Hydrocracking
Catalytic hydrocracking, a counterpart process to ordinary catalytic cracking, is

25  generally applied to crude oil components that are resistant to catalytic cracking. A catalytic
cracker typically receives as feedstock more easily cracked paraffinic atmospheric and vacuum
gas oils as charge stocks. Hydrocrackers, in contrast, typically receive aromatic cycle oils and
coker distillates as feedstock. The higher pressures and hydrogen atmosphere of hydrocrackers
make these components relatively easy to crack.

30 In general, although many different simultaneous chemical reactions occur in a catalytic

hydrocracker, the overall chemical mechanism is that of catalytic cracking with hydrogenation.
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5hydrogen with the feedstock hel ps to reduce catal yst fouling and
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(v) Other Processes
A variety of other processes that occur during the course of crude oil refining can also be
20  improved by, or supplanted by, the methods disclosed herein. For example, the methods
disclosed herein can be used before, during, and/or after refinery processes such as coking,
thermal treatments (including thermal cracking), hydroprocessing, and polymerization to
improve the efficiency and overall yields, and reduce the waste generated from such processes.
For example, the methods and systems disclosed herein can be used to make a variety of
25  different products, or intermediate products that can be further processed into other products.
For example, any of the disclosed mechanical processing methods can be used to make resin
fiber composites that include resins such as polyethylene, polypropylene, and/or lignin.
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 invention.

30  Accordingly, other embodiments are within the scope of the claims.
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VWHAT IS CLAI MED | S: 1. A nethod conprising: converting a cool ed

bi omass material to a product utilizing a mcroorgani smand/ or 5enzyne,
wher ei n awol2eragis7®Re of cooling and converting the bi onREI/USAMIBO0REB3 | S
performed using a nobile processing unit. 2. The nethod of claim1l
further conprising grinding or comm nuting the biomass material. 10

3. The nmethod of claim2 wherein grinding or conmnuting is perforned

bef or i terial has been cool ed. 4. The net hod of
c|ain3¥iaﬁgfigﬂ3§@@gﬁﬂ§g further conprises irradiating the biomass
15mat eri al . 5. The nmethod of claim 1l wherein the cool ed bi omass

material has a bulk density of |ess than about 0.8 g/cn8. 206. The nethod
of clai m 2 lwhenmsihodgompirisugi ng is perfornmed in a freeze grinding or freeze

mlling device. . 7. Th thod of claim1l reji.n the .product conprises an
) cohol . *SBTVeRiEE hetptbes Bres Rared i pflftn: P Steifiset Sdret nanol
ang/ ofenyth@Rlercin at least 3ne dheooiBRAG cOfveediml tit bioMes BlateriahB ‘#éff@ffﬁéiﬁusﬁ@g erial
conprises a cellulosic or lignocellulosic material. 3010. The nethod of

cl ai mameiHlsrspeessing ubitonmss material conprises cel | ul ose and converting the
cooled material conprises utilizing an enzyne to saccharify the cell ul ose.
WD 2011/ 087965PCT/ US2011/ 020583

2. The method of claim 1 further comprising grinding or comminuting the biomass
material.
10
3. The method of claim 2 wherein grinding or comminuting is performed before the

biomass material has been cooled.

4. The method of claim 1 wherein treating further comprises irradiating the biomass

15  material.

5. The method of claim 1 wherein the cooled biomass material has a bulk density of less

than about 0.8 g/cm’.

20 6. The method of claim 2 wherein comminuting is performed in a freeze grinding or

freeze milling device.
7. The method of claim 1 wherein the product comprises an alcohol.
25 8. The method of claim 7 wherein the product comprises ethanol and/or butanol.

9. The method of claim 1 wherein the biomass material comprises a cellulosic or

lignocellulosic material.

30 10. The method of claim 1 wherein the biomass material comprises cellulose and

converting the cooled material comprises utilizing an enzyme to saccharify the cellulose.
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11. The method of claim 10 wherein the nethod further conprises fernmenting
t he product of saccharification to produce an al cohol. 512. The nethod of
claim1l wiereiwnsews!l i ng conprises cooling the material POTASR@TP2058% ur e
bel ow the brittle point of the material. 13. The method of claiml
wherein cooling and/or converting are perforned while the material is in
transit. 10 14. The method of claim 13 wherein the material is in
transit by ship, barge, train, or truck. 15. The method of claim
1 wherein the nobile processing unit is transportable by ship, 15barge,

train, or tnualfe method offain® ORELOH (ROMRMHOAIPFher compribdsTBthdMing the
hydr ocar bon-contai ning material by cooling the material; and converting the

cool egreduceel sabchaofigatpmad peedugy af alcohelr processi ng of the cool ed 20
hydr ocar bon-contai ning material; wherein treating and/or converting is
performed using a nobile processing unit. 17. The method of claim

16swher ei n 1hehbysHRERSRAANMCORh&e d&ﬁ_liﬁgb@fhi)ﬁées ISl 186 hiebrfal @0 t he group
consisting of tar sands, oil sands, oil shale, crude oil, bitunen, coal,

and | itepoedrptaes badeva the kittlgagint of the majgial. The net hod of claim 16 wherein
treating further conprises irradiating the starting material. 3019. The
met hod of claim 18 wherein cooling is perfornmed prior to irradiating. WO
2011/ 087963BCTh/a2AHd 206831 wherein codlng dhdon®inhetding farcparforindd wikieties n
treatin% conpri ses, tenperature cycling the starting materi al

21. THeARHA Fod NSl ai m 16 wherein treating and/or converting is perforned
wWhpl e the Smaterial is in transit.

14. The method of claim 13 wherein the material is in transit by ship, barge, train, or

truck.

15. The method of claim 1 wherein the mobile processing unit is transportable by ship,

15  barge, train, or truck.

16. A method comprising:

treating a hydrocarbon-containing material by cooling the material; and

converting the cooled material to a product by further processing of the cooled
20  hydrocarbon-containing material;

wherein treating and/or converting is performed using a mobile processing unit.
17. The method of claim 16 wherein the hydrocarbon-containing material is selected
from the group consisting of tar sands, oil sands, oil shale, crude oil, bitumen, coal, and liquefied

25  natural gas.

18. The method of claim 16 wherein treating further comprises irradiating the starting

material.

30 19. The method of claim 18 wherein cooling is performed prior to irradiating.
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20. The method of claim 16 wherein treating comprises temperature cycling the starting

material.

21. The method of claim 16 wherein treating and/or converting is performed while the

5  material is in transit.
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