| mproved bi omass pretreatnent process Background In the bionmass field
converting lignocellulosic biomss to ethanol is a comon practice. |If the
bi omass iwoaopoliyracchari de-cont ai ni ng bi onmass and it i eCrilgmowediuid osic, a
pre treatment is often used to ensure fhat the structure of the

| i gnocel lul osic content is rendered nore accessible to the enzynes, and at
the sanme tine the concentrations of harnful inhibitory by-products such as
acetic acid, furfural and hydroxynethyl furfural are usually high and
present RV BomAss prétrd@hentpdeRssi Nng. I n general terns the nore severe
the treatnment, the nore accessible are the cellulosic contents of the
material. The severity of the steamexplosion is known in the literature as
Ro, and #%:%7%¥80ti0n of tinme and tenperature expressed as Ro =t . e

[ (T-100) X. with tenperature, T, expressed in Celsius and tine, t,
expressed in comon units. The fornula is al so expressed as Log (Ro),
namely Log (Ro) = Ln(t) + [(T-2100)/214.75]. It is generally considered that
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In general terms the more severe the treatment, the more accessible are the cellulosic
contents of the material. The severity of the steam explosion is known in the literature as
Ro, and is a function of time and temperature expressed as

Ro =t - l(T-100y14.75]

with temperature,T, expressed in Celsius and time, t, expressed in common units. The

formula is also expressed as Log (Ro), namely

Log (Ro) = Ln(t) + [(T-100)/14.75].

It is generally considered that a high Ro value is associated with a high number of
unwanted by-products which inhibit the hydrolysis and fermentation of the biomass, such
as furfural.

NREL Report No. TP-421-4978, November 1992, McMillan J.D., “Processes for
Pretreating Lignocellulosic Biomass: A Review” even affirmed in its conclusions that
“steam explosion-based processes ... are unattractive in the long run because the formation
of degradation products reduces yields” and exhorted to research alternative processes,

such as ammonia fiber explosion and supercritical fluid-based treatments.



time produces a product with low furfural. Sunmmary Disclosed in this
specification is a process for the inproved pretreatnent of biomass which
i ncl udes wbheostapeIof soaki ng a bi omass feedstock i n vapor/aBzold/fuid wat er
in the tenperature range of 100 to 210€, preferably 140 to 210C, for 1
mnute to 24 hours, preferably 1 mnute to 16 hours, nore preferably 1
mnute to 2.5 hours, and nost preferably 1 mnute to 2 hours to create a

soaked bi.omass. cont aj.ni a dry.content and a first |iquid,.separating at
oast o DOFEEBitaRedle. e Becd i as SPisef Pedsouithn Kh sbid A B,
first |igmegréducesdpdddcdvith low fusRlkdld stream wherein the first solid
stream conpri ses the soaked bi onass; steam exploding the first solid stream

to create a steam expl oded stream conprising solids and a second |iquid,;
opti onal ély ﬁﬁﬁarati ng at | east sonme of the second liquid fromthe steam
expl oded STTé8m to create a second liquid stream and a second solid stream
It is also disclosed that the process nmay conprises the further step of
conbi nin ,aL)éIc(fast,a portion of the liquid of the first liquid streamwth
t he secohiFclaseqd i hisspgeHicationds adregsss 1o e gpapyedPrefreament o bipsrass whichhi ch
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the first Liquid stre is purified to create. a first ified liquid
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purified to create a second purified | I?UI d stream and then the second
1

puri f i edfirst avid; seppeating iatleas miriontian off thé: firsh Hquiddoml thegloakeddripmass to create
a first liquid stream and a first solid stream, wherein the first solid stream comprises the
soaked biomass; steam exploding the first solid stream to create a steam exploded stream
comprising solids and a second liquid; optionally separating at least some of the second
liquid from the steam exploded stream to create a second liquid stream and a second solid
stream. It is also disclosed that the process may comprises the further step of combining at

least a portion of the liquid of the first liquid stream with the second solid stream.

A third optional step is also disclosed in which the steam exploded stream is washed with
at least a third liquid to create a third liquid stream prior to introduction of the steam

exploded stream into the separation step.

A further purification step is disclosed wherein the first liquid stream is purified to create a
first purified liquid stream prior to combining the first liquid stream with the second solid

stream.

A further step is disclosed wherein the second liquid stream is purified to create a second
purified liquid stream and then the second purified liquid stream is combined with the

second solid stream.

It is further disclosed to purify the third liquid stream and then combine it with the second

solid stream.



It is further disclosed to purify the third liquid stream and then conbi ne
It wwth the second solid stream Pressing is disclosed as a way to separate
t he |i quiwofznovistze soaked bi onass. Fl ashing is di scl osedTaB2ma0/8i1e2 t o
purify the first liquid stream It is fgurther disclosed that this flashing
be done wi thout reducing the pressure of the first liquid streamto

at nospheric pressure before flashing. It is further disclosed that the

fl ashing be done at the pressure of the first liquid streamat the end of
separ at i Pigssingistdisclesetl iagjawayfto sepatatethe dimlatifrérm diesmkedbioansst ri ppi ng of any
and all of the liquid streans in conbination or separately is disclosed.

Usi ng the steam from steam expl osi on step and/or the soaking step is also
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C5's to the amount of C6's Is less th the ratio of t he
furfuraldiselpsedn i s al ways present in the conposition to the amount of C5's
and C6's added to together is between 0 and 0.0140, al so expressed as
greater than 0 and |l ess than 0.0140; is between 0 and 0.0100, al so
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al so expressed as greater than O and |ess t 0; etween 6 and
0. 0040, dibdosedxytpreessmtratesthe s@eanw to remove water. It is also disclosed that the streams

can be combined after at least a portion of the second solid stream has been hydrolyzed.

Also disclosed in this specification is a novel composition from the process comprising a
solid, a liquid, an amount of C5’s based upon the amount of arabinan and xylan and the
monomers, dimers, oligomers and polymers of arabinose and xylose in the liquid and solid
of the composition, an amount of C6’s based upon the glucan content which includes the
monomers, dimers, oligomers and polymers of glucan in the liquid and solid of the
composition and furfural wherein the ratio of the amount of C5’s to the amount of C6’s is
less than 0.50 and the ratio of amount of the furfural, which is always present in the
composition to the amount of C5’s and C6’s added to together is between 0 and 0.0140,
also expressed as greater than 0 and less than 0.0140; is between 0 and 0.0100, also
expressed as greater than 0 and less than 0.0100; is between 0 and 0.0060, also expressed
as greater than 0 and less than 0.0060; is between 0 and 0.0040, also expressed as greater
than 0 and less than 0.0040; 0 and 0.0030, also expressed as greater than 0 and less than
0.0030; 0 and 0.0020, also expressed as greater than 0 and less than 0.0020; 0 and 0.0010,
also expressed as greater than 0 and less than 0.0010; or between 0 and 0.0009, also
expressed as greater than 0 and less than 0.0009. It is further disclosed that the ratio of the

amount of C5’s to the amount of C6’s is less than 0.44.



than O and | ess than 0.0040; 0 and 0.0030, also expressed as greater than 0
and | ess than 0.0030; 0 and 0.0020, al so expressed as greater than 0 and

| ess t harw0.200203120 and 0. 0010, al so expressed as great ecTihano/s1ard | ess
than 0.0010; or between O and 0. 0009, gl so expressed as greater than 0 and
| ess than 0.0009. It is further disclosed that the ratio of the ampunt of
C5's to the anobunt of C6's is less than 0.44. Anot her novel conposition of

bi omass is disclosed conprising a solid, a liquid, an anount of C5's based
upon t heAagihennovsl cempositiecmofdvidmassl isdisalosed domprisingresadid, diliqeids an ambgstrer s
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It is further disclosed that the amount of solids by total weight of either of the novel
compositions be in any of the ranges of 3 to 85%, 3 to 65%, 3 to 20% 11 to 99%; 14 to
99%; 16 to 99%; 19 to 99%; 21 to 99%; 24 to 99%; 26 to 99%; 29 to 99%; 31 to 99%; 36
to 99%; and 41 to 99%.

Brief deséription of figures

Figure 1 is a schematic of an embodiment of the process.
Figure 2 is a schematic of a second embodiment of the process.
Figure 3 is a schematic of a third embodiment of the process.
Figure 4 is a schematic of a fourth‘embodiment of the process.
Figure 5 is a schematic of a fifth embodiment of the process.
Figure 6 is a schematic of a sixth embodiment of the process.
Figure 7 is a schematic of a seventh embodiment of the process.
Figure 8 is a schematic of an eighth embodiment of the process.

Figure 9 is a schematic of a ninth embodiment of the process.

Detailed description



Figure 3 is a schematic of a third enbodi ment of the process. Figure 4 is a
schematic of a fourth enbodi nent of the process. Figure 5 is a schenmatic of
a fifth ewbadiomst29of the process. Figure 6 is a schemaPCt/1Bio1&0RHKE h
enbodi ment of the process. Figure 7 is5a schematic of a seventh enbodi nent
of the process. Figure 8 is a schematic of an eighth enbodi ment of the
process. Figure 9 is a schematic of a ninth enbodi nent of the process.

Detail ed descriptionin all instances of this text, the word "streanf is
used t o Weathinsisacesi of this textnthei werd “streameisrsed to meam thapit is comprisetef thece,
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acts upon a, feedstock in a feedstock stream The feedstock streamis

conpr i seHOBPINRGIHEcams msans teanaeraly trthe sreamspromixad. Usual |y the water is
not free water, but is water absorbed into the biomass itself. This bionmass
is often expressed according to its dry content (non-water). A 20%dry

cont ent TBhopasessc actsesponds faéedstackbiim nmpfeedstoak dnaamB A%eWide@stock dtreRh0 is
non-wat er, or gtpE rwise sqlid content. The term bi onmass and water is the
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26-70% nor e}F preferably 125- 6 %13@?%@@%%%&;@%2&%%@ ‘%tglb&'){wﬁn%'%?ve
been added. For example, the amount of biomass plus water for 100 kg of biomass with
20% dry content is 100 kg. The amount of biomass plus water for 100 kg of biomass with

20% dry content plus 10 kg of water is 110 kg.

The process described is believed capable of utilizing a feedstock stream of biomass and
water where the dry matter content to water of the feedstock stream is preferably 20-80%,
or 21-80%, preferably 25-70%, or 26-70%, more preferably 25-60%, or 26-60%, even
more preferably 25-50%, or 26-50% or 25-40%, or 26% to 40% and most preferably 25-
35%, or 26-35%, or 26-34%, or 31%-49%.

After treatment, the amount of solids by total weight of the compositions can be in any of
the ranges of 3 to 85%, 3 to 85%, 3 to 65%, 3 to 20%, 11 to 99%; 14 to 99%; 16 to 99%;
19 to 99%; 21 to 99%; 24 to 99%; 26 to 99%; 29 to 99%; 31 to 99%; 36 to 99%; and 41 to
99%.

This can alternatively be expressed as a minimum dry content, i.e. as a weight percent of
the dry content relative to the water in the feedstock stream. This would correspond to at
least 20 weight percent dry content, preferably at least 25 weight percent dry content, more
preferably at least 30 weight percent dry content, and most preferably at least 40 weight
percent dry content. The upper limit of these contents is by definition 100%, but in

practice 80 weight percent would be the upper limit to these contents if they were



nore preferably 25-50% or 26-50% or 25-40% or 26%to 40% and nost
preferably 25- 35% or 26-35% or 26-34% or 31%49% After treatnent, the
amount ofweabiodg3tzy total wei ght of the compositions camCivaBimo/esiyiof the
ranges of 3 to 85% 3 to 85% 3 to 65% 3 to 20% 11 to 99% 14 to 99% 16
to 99% 19 to 99% 2 1 to 99% 24 to 99% 26 to 99% 29 to 99% 3 1 to 99%
36 to 99% and 4 1 to 99% This can alternatively be expressed as a m ni num
dry content, i,e. as a weight percent of the dry content relative to the
wat er i neXPRESSFLBIaRgssK stream This woul d correspond to at |east 20 wei ght
percent dry content, preferably at |east 25 weight percent dry content,
nore preferably at |east 30 weight percent dry content, and nost preferably
at | east TH@efoes, glrigepanitabid fatrthisdnvin€ioh areThiomapsee halingidry ebntbite HE geabdrent s
is by de inig)olgg{looe)/ but in pr%cti%e 8(3) wei ght Jpercent woul d be the upper
limit tohERaLe OShi2b2 1%, 3 31ey261ar e Eas i 30%affés S0%hEP%f 1de80%anges
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bi omasses as a generic term

biomass ranging within the preferred interval.

"Plant biomass is a preferred feedstock. Apart from starch the three major constituents in
plant biomass are cellulose, hemicellulose and lignin, which are commonly referred to by
the generic term lignocellulose. Polysaccharide-containing biomasses as a generic term
include both starch and lignocellulosic biomasses. Therefore, some types of feedstocks
can be plant biomass, polysaccharide containing biomass, and lignocellulosic biomass. A
typical lignocellullosic biomass will contain cellulose, with amounts being at least 5
percent by weight of the total amount of dry biomass, with at least 10% and 20% by weight
of the total amount of dry biomass. The ligno-cellulosic biomass may also contain starch
in the amounts preferably less than 50% by weight, with less than 45, 35 and 15 weight

percents even more preferred.

If the biomass is a polysaccharide-containing biomass and it is lignocellulosic, a pre-
treatment is often used to ensure that the structure of the lignocellulosic content is rendered
more accessible to the enzymes, and at the same time the concentrations of harmful
inhibitory by-products such as acetic acid, furfural and hydroxymethyl furfural remain

substantially low.

Polysaccharide-containing lignocellulosic biomasses according to the present invention

include any material containing polymeric sugars e.g. in the form of starch as well as



I ncl ude both starch and |ignocellul osic biomasses. Therefore, sone types of
f eedst ocks can be plant bi omass, pol ysacchari de contai ni ng bi onass, and

| i gnocel Iwbasioc11bizomass. A typical |ignocellull osic bi omasaBuitb/h518ont ai n
cellul ose, wth amunts being at |east 75 percent by wei ght of the total
amount of dry biomass, with at |east 10% and 20% by wei ght of the total
anount of dry bionmass. The ligno-cellul osic bionmass may al so contain starch
in the am%.un{ls refﬁ[@bly I ss,tH n 50% by weight, with I ess than 45, 35
and 15 wETgfit S gqitudosepad hemicellplogs.er red. 1f the bionass is a

pol ysacchari de-contai ning bionmass and it is |lignocellulosic, a pretreatnent
Is often used to ensure that the structure of the lignocellul osic content
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agricultural crops such as e.g.: starch e.g.” starch containing grains and
refined Wheatchye, egnbailew aape, Berghemeind stomywastegpapkr, diher ifiaetiowhiearh, biogs, oat ,
barl ey, . SOrah twood e.q., Pinus sylvestrisg, Pinus radiate;
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paper, fiber fractions from bi ogas processing, nmanure, residues fromoil

pal m processing, nunicipal solid waste or the like with a simlar dry

matter CPRY KgHo-cellulosic biomass feedstock is preferably from the family usually called grasses.
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The proper name is the family known as Poaceae or Gramineae in the Class Liliopsida (the
monocots) of the flowering plants. Plants of this family are usually called grasses, or, to
distinguish them from other graminoids, true grasses. Bamboo is also included. There are
about 600 genera and some 9,000-10,000 or more species of grasses (Kew Index of World

Grass Species).

Poaceae includes the staple food grains and cereal crops grown around the world, lawn and
forage grasses, and bamboo. Poaceae generally have hollow stems called culms, which are
plugged (solid) at intervals called nodes, the points along the culm at which leaves arise.
Grass Leaves are usually alternate, distichous (in one plane) or rarely spiral, and parallel-
veined. Each leaf is differentiated into a lower sheath which hugs the stem for a distance
and a blade with margins usually entire. The leaf blades of many grasses are hardened with
silica phytoliths, which helps discourage grazing animals. In some grasses (such as sword
grass) this makes the edges of the grass blades sharp enough to cut human skin. A
membranous appendage or fringe of hairs, called the ligule, lies at the junction between

sheath and blade, preventing water or insects from penetrating into the sheath.



The ligno-cellulosic biomass feedstock is preferably fromthe famly
usual ly called grasses. The proper nane is the famly known as Poaceae or
Gram neaewOnotoa@3@bass Liliopsida (the nonocots) of thePprCraBaning4p ants.
Plants of this famly are usually call d grasses, or, to distinguish them
from ot her gram noids, true grasses. Banboo is also included. There are
about 600 genera and sone 9 000 10 000 or nore species of grasses (Kew
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The fruit of Poaceae is a caryopsis in which the seed coat is fused to the fruit wall and thus,

not separable from it (as in a maize kernel).

There are three general classifications of growth habit present in grasses; bunch-type (also

called caespitose), stoloniferous and rhizomatous.

The success of the grasses lies in part in their morphology and growth processes, and in
part in their physiological diversity. Most of the grasses divide into two physiological
groups, using the C3 and C4 photosynthetic pathways for carbon fixation. The C4 grasses
have a photosynthetic pathway linked to specialized Kranz leaf anatomy that particularly

adapts them to hot climates and an atmosphere low in carbon dioxide.

C3 grasses are referred to as "cool season grasses" while C4 plants are considered "warm
season grasses". Grasses may be either annual or perennial. Examples of annual cool
season are wheat, rye, annual bluegrass (annual meadowgrass, Poa annua and oat).
Examples of perennial cool season are orchardgrass (cocksfoot, Dactylis glomerata),

fescue (Festuca spp), Kentucky Bluegrass and perennial ryegrass (Lolium perenne).
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glonerata), fescue (Festuca spp), Kentucky Bluegrass and perennial” ryegrass
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finger millet (Eleusine coracana (L.) Gaertn.), and the muhly grasses (Muhlenbergia, ca.
175 species); 10) Panicoideae including panic grass, maize, sorghum, sugar cane, most
millets, fonio and bluestem grasses. 11) Micrairoideae; 12) Danthoniodieae including
pampas grass; with Poa which is a genus of about 500 species of grasses, native to the

temperate regions of both hemispheres.

Agricultural grasses grown for their edible seeds are called cereals. Three common

cereals are rice, wheat and maize (corn). Of all crops, 70% are grasses.

Sugarcane is the major source of sugar production. Grasses are used for construction.
Scaffolding made from bamboo is able to withstand typhoon force winds that would break
steel scaffolding. Larger bamboos and Arundo donax have stout culms that can be used in
a manner similar to timber, and grass roots stabilize the sod of sod houses. Arundo is used

to make reeds for woodwind instruments, and bamboo is used for innumerable implements.

Therefore a preferred lignocellulosic biomass is selected from the group consisting of the
grasses. Alternatively phrased, the preferred lignocellulosic biomass is selected from the

group consisting of the plants belonging to the Poaceae or Gramineae family.
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cellobiose units from the ends of cellulose chains; endo-1,4-B-D-glucanases (EG) (EC
3.2.1.4), which hydrolyse internal B-1,4- glucosidic bonds randomly in the cellulose chain;
1,4-B-D-glucosidase (EC 3.2.1.21), which hydrolyses cellobiose to glucose and also
cleaves off glucose units from cellooligosaccharides. Therefore, if the biomass contains
cellulose, then glucose is a water soluble hydrolyzed species obtainable from the

hydrolysis of the biomass.

By similar analysis, the hydrolysis products of hemicellulose are water soluble species
obtainable from the hydrolysis of the biomass, assuming of course, that the biomass
contains hemicellulose. Hemicellulose includes xylan, glucuronoxylan, arabinoxylan,
glucomannan, and xyloglucan. The different sugars in hemicellulose are liberated by the
hemicellulases. The hemicellulytic system is more complex than the cellulolytic system
due to the heterologous nature of hemicellulose. The sjstems may involve among others,
endo-1,4-B-D-xylanases (EC 3.2.1.8), which hydrolyse internal bonds in the xylan chain;
1,4-B-D-xylosidases (EC 3.2.1.37), which attack xylooligosaccharides from the non-
reducing end and liberate xylose; endo-1,4-B-D-mannanases (EC 3.2.1.78), which cleave
internal bonds; 1,4-B-D-mannosidases (EC 3.2.1.25), which cleave mannooligosaccharides
to mannose. The side groups are removed by a number of enzymes; such as a-D-

galactosidases (EC 3.2.1.22), a-L-arabinofuranosidases (EC 3.2.1.55), a-D-glucuronidases
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sol ubl e wpeciem alybmemmlhge.f rom t he hydrol ysis of the bi omass, assum ng of
course, that the biomass contains hem cellul ose. Hem cellul ose incl udes
xyl an, gl ucuronoxyl an, arabi noxyl an, gluconannan and xyl ogl ucan. The
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ot hers, eggal 4- b- D- xyl anases (EC 3.2.1.8), whi ch ﬁydrolyse i nternal bonds
in the & Mgh temperpure and bigh peessyrs. dHsctempeiatuze shoulgbe in opg efitha follasking

xyl ool i GasgeC hags! [erssbe 0d 92 PR B8R oC, 150 to 200°C, 155 to 185°C, 160 to
180°C. Although the time could be lengthy, such as up to but less than 24 hours, or less
than 16 hours, or less than 12 hours, or less than 9 hours or less than 6 hours; the time of
exposure is preferably quite short, ranging from 1 minute to 6 hours, from 1 minute to 4
hours, from 1 minute to 3 hours, from 1 minute to 2.5 hours, more preferably 5 minutes to

1.5 hours, 5 minutes to 1 hour, 15 minutes to 1 hour.

If steam is used, it is preferably saturated, but could be superheated. The soaking step can
be batch or continuous, with or without stirring. Another embodiment is shown in Figure
9, which has a low temperature soak prior to the high temperature soak. The temperature
of the low temperature soak is in the range of 25 to 90°C. Although the time could be
lengthy, such as up to but less than 24 hours, or less than 16 hours, or less than 12 hours, or
less than 9 hours or less than 6 hours; the time of exposure is preferably quite short,
ranging from 1 minute to 6 hours, from 1 minute to 4 hours, from 1 minute to 3 hours,
from 1 minute to 2.5 hours, more preferably 5 minutes to 1.5 hours, 5 minutes to 1 hour, 15

minutes to 1 hour.

This low temperature soak is shown in Figure 9 with 31 being the biomass feedstock, 32 is

the water or liquid, 33 is the low temperature soaked biomass. 34 is the liquid, and would
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glucolygomers, xyloolygomers, galactolygomers and arabinolygomers. The solid biomass,

labeled 4, is called the first solid stream as it contains most, if not all, of the solids.

The separation of the liquid can again be done by known techniques and likely some which
have yet been invented. A preferred piece of equipment is a press, as a press will generate

a liquid under high pressure which is useful as described later.

The first solid stream 4 is then steam exploded to create a steam exploded stream 6. Steam
explosion is a well known technique in the biomass field and any of the systems available
today and in the future are believed suitable for this step. The severity of the steam
explosion is known in the literature as Ro, and is a function of time and temperature and is

expressed as
Ro = tl(T-100/14.75]

with temperature, T expressed in Celsius and time, t, expressed in common units.

The formula is also expressed as Log(Ro), namely
Log(Ro) = Ln(t) + [(T-100)/14.75].
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conpletely separate so that at |east a portion of the liquid is separated,
wi th prefeg(BB) i raeferabbninl theprangessef 2% t0s5. B Ftoi 13,8ntoescdaah3 o 4.8me frame. The
liquid fromthis separation step is known as the first liquid stream
conprising the first liquid, labeled 5 in Figure 1. The first liquid wll
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of the fegdstoc,k. As shown in the Tables 1 through 16, these water”sol uble
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The washed steam exploded stream comprising the washed exploded biomass is labeled 7.
The washed exploded stream is then processed to remove at least a portion of the liquid in
the washed exploded material. This separation step is also optional. The term at least a
portion is removed, is to remind one that while removal of as much liquid as possible is
desirable (pressing), it is unlikely that 100% removal is possible. In any event, 100%
removal of the water is not desirable since water is needed for the subsequent hydrolysis
reaction. The preferred process for this step is again a press, but other known techniques
and those not invented yet are believed to be suitable. The solids separated from this
process are in the second solid stream 10. Stream 9 is noted and is the second liquid

stream.

The embodiment in Figure 7 shows the process without the optional washing and

separation of the liquid from the steam exploded material.

The liquid of the first liquid stream is then combined with the solids of the second solid

stream to form stream 20.
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100% compositions.

The total C5’s in the composition is the sum of arabinan and xylan in the composition
which includes the monomers, dimers, oligomers and polymers of arabinose and xylose in
the liquid and solid of the composition. The total C6’s in the composition is the glucan

content which includes the monomers, dimers, oligomers and polymers in the liquid and

solid.

As known in the literature, a typical steam exploded biomass will have a ratio of furfural to
[C5’s plus C6’s] x 10000 of at least 50, with a ratio of C5’s to C6’s greater than 0.55. As
shown in the experimental streams from Tables 13 and 14, the process described herein is
capable of producing a steam exploded product with a furfural content greater than 0, that
is always present, but having a ratio of furfural to (C5’s plus C6’s) x 10000 of less than 60.
Therefore a composition having a ratio of C5’s to C6’s in the range of 0.45 to 0.54, and a
ratio of furfural to [C5’s plus C6’s] x 10000 between 0 and 60, or more preferably 0 and
50, or more preferably 0 and 30 is contemplated. It is also noted in Tables 13 and 14 that
the other novel feature is that the product is low in C5’s which also reduces the furfural

content.

As can be seen from the Tables 13 and 14, these compositions from the steam explosion

can be characterized as always having furfural and having the ratio of C5’s to C6’s less
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of the fiPe{ aﬂﬁ&@{lP%@ﬁlﬁerﬁ@ar@%@é s t 19006 of dessi than A0, oRanerecond
sol i d St preRsatfp Jﬁﬁmo%tfsw@@sféa?ﬂ%%s%ﬂ atib! T ARRASERTY S RRl&gs gs very
specific, in that one or any conbination o tHe fol T ow ng i nprovenents are
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steps (e
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ot her process; C) the biomass de-structuring is Inprove respect to
ot her pr¥kedevermore preserablymretio of 6h's tolC6 hless than Oddsind arratie of fiafumaltter i zed

on the ), f~Asheiqr nd.furfural nt.s, ,To.avol g di] ution
effects bé? hzl‘gxcpér ggsliogéﬁgff' l%?%%amg N "’?{8 ra&? %f/(ggg) éﬁ& lgs§ tﬂ?‘\ﬁlrcda? > il g o o

pl us C6' farfuril tth (30 plus a6’ Hi IIPOP0E ISR tharS 16 Wrfdven aitlre brefelaBlya fletiatig &t he
new corrpﬁa ,|t|{o:g§. The total C5's in the conmposition is the sum of arabinan
and xyl ar Sie Fhe lessipasd 80 and amtiorefifdunabitosCy pelussitose d 800ofHesssharol i gonrer s
and pol yners of arabinose and xylose in the liquid and solid of the
conposition. The total C6's in the conposition is the glucan content which
i ncl udesAs hleo slwrvamer Bablehi iBeansl, 14o tegompositian df thelligukt sream it ko lunfijtiednand

can be described as always having furfural and having a ratio of C5’s to C6’s greater than
4.0 and a ratio of furfural to C5’s plus C6’s x 10000 of less than 80, or more preferably a
ratio of C5’s to C6’s greater than 4.0 and a ratio of furfural to C5’s plus C6’s x 10000 of
less than 60, or even more preferably a ratio of C5’s to C6’s greater than 4.0 and a ratio of
furfural to C5’s plus C6’s x 10000 of less than 30, or a broader range of a ratio of C5’s to
C6’s greater than 3.0 and a ratio of furfural to C5’s plus C6’s x 10000 of less than 160.

Also contemplated is the composition of the liquid stream always having furfural and
having a ratio of C5’s to C6’s greater than 1.0 and a ratio of furfural to C5s plus C6’s x
10000 of less than 800, or more preferably a ratio of C5’s to C6’s greater than 1.0 and a
ratio of furfural to C5’s plus C6’s x 10000 of less than 700, or even more preferably a ratio
of C5’s to C6’s greater than 1.0 and a ratio of furfural to C5’s plus C6’s x 10000 of less
than 400, or the narrower broad range of a ratio of C5’s to C6’s greater than 1.0 and a ratio
of furfural to C5’s plus C6’s x 10000 of less than 300.

A further progression of the process, Fig. 2, is to purify the first liquid stream to remove
even more of the inhibitors such as the acetic acid, formic acid, levulinic acid, furfural, 5-
HMF, phenolic compounds and, more in general, any undesirable product which may be
formed during previous steps. Some of these compounds are removable by flashing, which
is the preferred method in order to exploit the temperature and pressure of the stream after

pressing.



solid. As known in the literature, a typical steam exploded biomass w ||
have a ratio of furfural to [C5's plus C6's] x 10000 of at least 50, with a
rati o of wWb'28100103128' s greater than 0.55. As shown in theceApzmi/nsatzal
streans from Tables 13 and 14, the prog¢gss described herein is capabl e of
produci ng a steam expl oded product with a furfural content greater than O,
that is always present, but having a ratio of furfural to (C5's plus C6's)
x 10000 I han 60. Therefore a conposition having a ratio of C5's to
C6's in ? hre e?%‘?%ﬁfg g‘Pe %F%h%‘g Strsam (Sgyapesaturst (185%F, saturbiedaliquid fhase)swad us
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to C5's ' . f. l.ess than 15, or nore preferably the ratio of
C5's to %ﬂgorﬁggéeﬁxﬁ&%?s dé’ﬁglogt?rﬁial%“f)‘fsugadﬁ'fural to C5's plus CB8's x
10000 of less than 10; or nore preferably a ratio of C5's to C6's | ess than
0.40 and,a ratiq of furfural to C5's plus C6's x 10000 of |ess than 40, or
even rmrénﬁtﬁ‘ﬁ’f égﬁﬁt%geaof dlasly stp o5 that tsyg@s' in thespurifican liQuidOstasach d 1r adei 0 of
furfural cdrRefepatsd Pl Us C6's x 10000 of less than 9, the ratio of C5's to
C6's less than 0.35 and a ratio of furfural to C5's plus C6's x 10000 of

| ess than 10, or even nore preferably, the ratio of C5s to C6's less than
0. 30 andInath'gﬁltio of furfural to CS'E plus C6's x 10000 of less than 7. As
al so shomne 4131 Brasessy the prgssyre frome & BFI%IaL in Hie sspanatien woyld prefaratdybei s
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ratio of C5's to C6's greater than
purification of the first liquid stream can again be done by any other known techniques

(e.g. steam stripping) and likely some which have yet been invented. This first purified
material can be found in the first purified material stream 11 and then combined with the

second solids stream 10.

An even further refinement is depicted in Figure 3, which is to purify the optional wash
effluent, the third liquid stream 8, into a second purified liquid stream 12, and then
combine it with the second solid stream 10. Due to the nature of the volatiles, steam
stripping using conventional or not conventional methods is believed to be the preferred
approach, even if any other method or known techniques and likely some which have yet

been invented can be utilized.

If possible, on the basis of its composition, steam coming from steam explosion is

preferably used to carry out steam stripping.

Similarly, referring to Figure 3, one could purify the second liquid stream 9, to create a
second purified liquid in the second purified liquid stream 13 and combine it with the
material in the second solid stream 10. Again, given the known attributes, steam stripping

is believed to be the preferred solution.



4.0 and a ratio of furfural to C5 s plus C6's x 10000 of |ess than 80, or
nore preferably a ratio of C5's to C6's greater than 4.0 and a ratio of
furfural wo2eB/93pbus C6's x 10000 of | ess than 60, or ecenBre/esipreferably
aratio of C5's to C6's greater than 419 and a ratio of furfural to C5' s
plus C6's x 10000 of less than 30, or a broader range of a ratio of C5's to
C6's greater than 3.0 and a ratio of furfural to C5's plus C6's x 10000 of

| ess t hag: I contenplated is the conposition of the liquid stream
al ways hgb’%ggteﬁﬁr%?@?%f‘g égn%ﬂw’ﬁ'glsi’et‘%‘feﬂéh%fa nesfered embedimeyt efthe pradesn 1. 0
and a r asfeamastrip thid stcahd hAd FRrdliRli nsi ke | £38 ,ihan,.800, . or nore
preferably a raIE i.o ,ofc C5's torc%lé@lslalgtrr%?%}ﬂ(tth%%%%%‘%nan l%afsg,?%ehe%ﬁ% that £ ur al
to C5's 5‘%’% SEpPingds phoguefotred & she fishpiiified lauidsteanRefraleiiraikking 1 ati o
of C5's ' an _1.0_.and ratio of furfural to C5' s plus C6's
x 10000 gﬁeﬁgg’ég ot g‘&‘B%’&B}en e Figure: g\k?é‘}ef%ﬂe?a[!qwﬁrﬁgéam age pafiosl of HE5' s to
C6' s gr esdamnee uhhaprefer@blgndeam s@ipgpthOf iffed’ u 5 X 10000 of
| ess than 300. A.furchr erogsreﬁgsiggr? gi;ydslﬁreﬂilsr%@efgg,&ﬁm& ?‘é%@ht’% eﬂi‘rify
the firstombiged yithithesasprdsalidatreamdPen nore of the inhibitors such as the

acetic acid, formc acid, levulinic acid, furfural, 5- HWVF, phenolic
conpounds and, nore in general, any undesirable product which may be forned

duri ng pHepdssible, st éfxs bastiooito totpesitor; QERALEHRING ok SRR AR FoLoh Hagsdgi ng,
which is ttf]% Ereferred met hod in order to explort the tenperature an
pressur e 1 FRITSPHARSIePMSIPRBS si ng. For exanple, the first liquid stream
(tenperature: 185C, saturated |liquid phase) was flashed usi ng conventi onal
conditions to atnospheric pressure. For 100 grans of the feed stream

havi ng OFar example, i apoodesy @l repsantaiin ffuraein Whik ipdrifiOatibnGked Bondfstsf¥r M ©
acid andan8§n%ra%s€i 3‘1 ﬁg{ er ff I a%hefj, 8 045 grans of furfural, 0.024 grans of
acetic acid, gbisEIctashnstep ot the first lignid gtreamy > pnd 2 %P%?Mfst%_m #ripmegetep
r emoved. of thi $iqiRieRSulR@ tpeABHaS utﬁl%ﬁé’{i}?\%\lﬂxet%%(ﬁ Bg)rc]i)ﬁ/&%tﬁfth%cs'té%m 8%18biod or mic

acid and 17% of the water were renove
it results that 30% of water, 80% of acetic acid, 85% of furfural and 65% of formic acid

contained in the first liquid stream 5 are removed.

Should further purification be needed depending upon the feedstock and type of biomass,
the purified stream 14, can be further purified with another process Fig. 5, such as
activated charcoal, activated carbon, molecular sieves or membranes to produce stream 15.
Because the purified stream is expected to have a large water content, it is believed
desirable to concentrate the hydrolysis reactants and remove the water, therefore a
concentration step is believed helpful for the preferred embodiment, Fig. 6. The water
concentration step can be any one of the know techniques such as boiling, crystallization,
and the like. During concentration step, there is some removal of volatile inhibitors. After

the concentration step, stream 16 is combined with the materials in stream 10.

As shown in the data below, the various steps of this process have increased the efficiency

of hydrolysis reaction.

Discussion



addi ti onal operating costs and without any |oss in sugars. Another
advantage of flash step is that sugars in the purified |liquid stream 11 are
concent r aveaoiokn3tbe fl ash process, the pressure fromtReTpBEI®DFIGI2 N t he
separation would preferably be preservigd until the material is passed to
flash tank and the volatiles renoved. The purification of the first liquid
stream can agai n be done by any other known techniques (e.g. steam

strippi aund A i.#e‘lgythsor’rg %Ch haﬁe %/et been i nvented. This first
puri fied Tat BrTSYcHnH ETsament Gan he seqn byt comparmgdhe resulls presened tnthe11 and
t hen compbikeh éﬁda&ﬂ@lés@6%@1\%ﬁ£l€d$@édrﬁ%l SkanfAes L9 3ARgaven further refinement

is depicted in Figure 3, ichis to purify thée optional wash effluent, the
third liquid stream8, into a second purified liquid stream 12, and then

conbi ne 4 ' t solid.stream 10.. Due to the nature of the
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i s bel i eloedr then lieost laendrited &f éainapRstaehexpbdith prbcgy ot her nmethod or known
techni ques and |ikely sonme which have yet been invented can be utilized. If

possi ble, on the basis of its conposition, steam com ng from steam

expl osi ongihs AALRIS, e eam st.rippjng.. Sim.larl
referri ngSIt% Fi g‘fljéregﬁ , Y,gﬁ%, (gfo%)ﬂéﬁ Sgé{el ?“;?q{l ﬁg&srgg%ﬂ%l ?Ilqufggadgfrt(éé?ﬁléftgqso
create acosgmond (Bxample &)l withothe prétreatnient, Sekitenih soednt Ex16sibh gtdcésssa{ 123w, 13 and
conbine it w t‘ihlt)t h& gr%t(fr'gal in the second solid stream 10. Again, given
the knowh*arpls Band&3-8std Wgﬂﬁﬂ&)ﬁwrﬂggﬁ@ew inbipitgrsicompeundhe preferred
solution. Since steamstripping is common, it is believed that a preferred
embodi ment of the process steamstrip the second and third |iquid streans
in the sArsimilal behaviour gs absavisk foreglechnt tegraditienarsaty Appidog Orly @506 of
preferr egciuc]:ca% ptrer%gntfih rrgvtv rhateria Ialeeddelglrzﬂl%h ?o ?rﬁlgb?tacl)rrrs] cogrggo%rn l(ii%argglg%r) in%hat%lg 'ng.
pretreatment, while in steam explosion process a 1.9 % (Example 1) and 4.5 % (Example

2) are degraded to inhibitors compound.

Using sorghum only 0.97 % of xylans present in raw material are degraded to inhibitors
compound (Example 6) with the pretreatment, while in steam explosion process a 61.7 %

(Example 3) and 94.9 % (Example 4) are degraded to inhibitors compound.

A similar behaviour is observed for glucan degradation using Arundo. Only 0.1 % of
glucans present in raw material are degraded to inhibitors compound (Example 6) with the
pretreatment, while in steam explosion process an 8.0 % (Example 3) and 9.5 % (Example

4) are degraded to inhibitors compound.

The overall yield of solubilisation of fermentable sugar (sum of solubilized xylan and

glucans) is another advantage of the pretreatment.

An overall yield in terms of fermentable sugar (sum of solubilized xylan and glucans) of
91.2 % is obtained with sorghum after enzymatic hydrolysis with the pretreatment
(Example 5) that is considerably higher with the values obtained with traditional steam

explosion (65.9 % in Examplel, and 69.0% in Example 2).



Ther ef ore anot her enbodinment is Figure 4 where the liquid streans are
purified in the same unit, preferably steam stripping to product the
purified worewmiiowhi ch is then conbi ned with the secomrdTaBtildoztream 10.
| f possible, on the basis of its conpd®ition, steam com ng from steam

expl osion may be used to carry out any steam stripping. For exanple, in a
process as represented in figure 2, in which purification step consists of

tmospheric fl.ash st the first |iquid st 5 and b t
2 eam ot R R3Sl emaneebs S (i Of BRHPOFHCw gk o EURGRIGE 1 e
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acetic acid, 85%of furfural and 65 m<T acid C

liquid sOr@ahisscansiderablipbigher Sitbithel values bbrinedrwith taditionalbecane edpidsion
dependi f St nd pe.of, biomass, the purified stream 14,
can be f P{bﬁg’?“tgggu Pﬁ’%aﬁﬁ?%ﬁ %l&ﬁh‘émpber cess Fig. 5, such as activated
charcoal, activated carbon, nolecul ar sieves or nenbranes to produce stream
15. Because the purified streamis expected to have a | arge water content,
it is beFXROVMENELSIABENG t o concentrate the hydrol ysis reactants and renove
the water, therefore a concentration step is believed hel pful for the
preferred enbodi nent, Fig. 6. The water concentration step can be any one
of the kivondo eathisorghams medhe asibinitiddi bg, differght prdticathdn®Nproddd. thgditibke-

Duri ng conﬁentrati on ste there is sone renoval of volatile inhibitors.

After tHEPEBRUEeAR Fmogé’%&% seppgred ppith thecprgiseatmantgansisting ofratserkiags i n
st ream If}ocehs agd®¥WibskquenP fedlRtnBShH e various steps of this process
have ing:ér}eased t he esf@? cl eﬁcy g}? ﬁygﬁﬁc&%s reaction. DiscussionThe
superiority of the pretreatnment can be seen by conparing the results

resent I n.the worki.ng. ex | es 5-6 conpared to_control exanples 1, 2, 3,
gn d 4 elgl the pretreatmenlt( %heghquu? g]gctlon generatedngom the soak?ng process 1s rerggcled as a

unique stream.

In the soaking process the solubilisation occurs of the major part of the hemi cellulosic
fraction. A low inhibitor amount is generated in this process due to the milder operational

condition.

The soaked material is then submitted to a pressing process in order to remove the liquid
fraction (about 62%)

The solid fraction is then submitted to steam explosion treatment in which occurs the

solubilisation of the remaining hemicellulose and the de-structuring of cellulose fraction.

The liquid fraction generated in the soaking process is submitted to refining process and

then recycled to the steam exploded material.

The pretreatment lead to less inhibitor in the stream leaving pretreatment section with
consequent lower loss of fermentable sugar when compared with traditional steam

explosion pretreatment, and increase enzymatic accessibility of the pretreated material.



The amount of inhibitors generated fromxylan fraction in the pretreatnent
is considerably | ower then those generated in continuous steam expl osion
process. Weizag/iAs1zado only 1.3 % of xylans present in r@&eTaBae/HaAk12Ar e
degraded to inhibitors conpound (Exanpp@ 5) with the pretreatnent, while in
st eam expl osi on process a 19.3 % (Exanple 1) and 63.8 % (Exanple 2) are
degraded to inhibitors conpound. A simlar behaviour is observed for glucan
degr adat ion usi.n y 0.1 %of glucans present in raw naterial are

Ar, . Onl
degr aded ff‘éf???ﬂi ?@%5&9&3 Hsditional steamnskplosipn and ithe prstrpatatentweresswbmitiéd | e i n
st eam expj %%ti@h?&l%ﬂ%iﬁn%r@ergﬂ é@\?ﬂ%{h@ eiji%fﬁﬁlzﬂ% a%f:?/ssioé(ilgExanpl € 2) are

degraded to rnhibitors conpoun sorghum on ¥ % of xyl ans
present in raw material are degraded to inhibitors conpound (Exanple 6)

with the. pretreatneng, ile in steam expl osion process a 61.7 % (Exanpl e
3) and 93.'%9 %X)e{%xé&?&t of Ahe QF%eﬁeyﬁ%&é'&uka@di Hatipetisem the rpeswesition ofi 1am ar
behavi ougpt I I i r 0.1 % of
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( Exanpl eaw] thgiennymatec lgydeolysia tyiebdion ghabarl andi xylat eam expl osi on process an 8.0
% (Exanple 3) and 9.5 % (Exanple 4) are degraded to inhibitors conmpound.
The overall yield of solubilisation of fernentable sugar (sum of

sol ubi | i Eegmppl1lan and gl ucans) is another advantage of the pretreatnent. An
overall yield in terms of fernmentable sugar (sum of solubilized xylan and
glucans) of 91.2 %is obtained with sorghum after enzymatic hydrolysis with

the pretr le 5) that..is sd,der abl y _higher with _the val ues
obt ai ned” W H{Fp ‘Irisa(gllgi< ?’gﬁ)gfm%tcg%og!w‘ogﬁgn/"( glggg\s%lpﬁ E%é(}?b‘ﬁ’eg',g %‘h&c%bl. 0% in
Exanpl e gloups) 20ve¥l lasoti Bgrin 613% &9h)8.50%, ck@sdirad abl e sugar (sum of

sol ubilized xylan and glucans) of 9 1.3 %is obtained wth Arundo after

enzymati c hydrolysis with the pretreatnent (Exanple
Arundo was submitted to continuous steam explosion (Stake Tech reactor) at 200°C for 6

minutes. This pretreatment lead to a solubilisation of 70.6% of xylan and 8.6% of glucan.
A 19.3 % of xylan were degraded to inhibitor compounds (furfural and other degradation

product), and 1.9 % of glucans were degraded to inhibitors compounds (HMF and formic
acid)

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 60 FPU/g
glucans and 109 FXU/g xylan for pretreated Arundo.

The composition of the stream entering the enzymatic hydrolysis is shown in Table 1



6) that is considerably higher with the values obtained with traditional

st eam expl osion (56.0 %in Exanple 3, and 50.6% in Exanple 4) Experi nental
sumrary Avordwm/asdsor ghum were submitted to different pCcetBEAl/NBAL2
process. Traditional continuous steam2zixpl osion was conpared with the
pretreatnment consisting of a soaking process and a subsequent steam

expl osion process. In the pretreatnent the liquid fraction generated from
t he soakj p ess js recycled as a unique stream In the soaking process
the sol uhjﬁ]'g!es{a?foé‘ﬂ’oéﬁ’é’ﬂr"g therstrep entgrige epaymatisthydrdysien cel | ul osi ¢
fraction. Alow inhibitor amount is generated in this process due to the
m | der operatidnal condition. The soaked lentering E t jtted to a
pressing process in order to renove the |iquichydidigdis @) (about |62% The
solid fractionijis then submtted to stleam expl oSpRRqd r eat ment |n whi ch
occurs the sol ubilisationtgh the remaini ng hem Cepdolf 0OSE and the
de-structuring [of celTul oggef raction. [The Tiquid grzg_acﬂ on genetated in the
soaking process| TS SUDMHLLEG GO T ef I NiNg process sl them recygl ed to the

st eam expl oded |TATETT G| g0 IHIE < HF LT CAL MEMT T EAU T O I pSS Trhibitor in the
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f er ment abl e sugar—when—= wi-t-h—tFadi-t-onatl—&t bam-explosi-on
pretreatment, agrd 3 ERZY-AA essibi he pretyeated
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materi al . Pretredated natA%elybgroyp om tradi ti onal sted® expl osion and the
pretreatment were submittléghin o enzymatlic hydrol ys1&9in order to eval uate
the enzymatic dccessibilitgh The overall yield of 33he process Wwas
cal cul ated starjting frobxttdeivesonpositijon of raw enteri ng the pretreatnent
process, takingd into aSombleisolite nmaterfi al bal anceigd the process

Extractives 6.43
Glucan 0.26

Xylan 0.75

Acetyl group 2.96
Acetic acid 217
5-HMF 0.11

Furfural 0.22

Formic acid 0.00
Glucolygomers as glucan 1.65
Xyloolygomers as xylan 6.74

After enzymatic hydrolysis, the process liquid and solid fraction were analyzed in order to
quantify the yield of glucan and xylan solubilisation. In enzymatic hydrolysis process
glucan solubilisation yield was 71%, while xylan solubilisation yield was 84%.

The global yield of the process was calculated starting from the composition of raw
entering the pretreatment process, taking into account the material balance of the process

and the enzymatic hydrolysis yield on glucan and xylan.

A process solubilisation yield of 69.3% was calculated for glucan, while a process
solubilisation yield of 59.3 % was calculated for xylan. A global solubilisation yield of
65.9 %, referred to the sum of glucan and xylan present in the raw material is calculated in

this process. The global yield for Arundo is in Table 2



and the enzymatic hydrolysis yield on glucan and xylan. Exanple 1 Arundo
has the foll owi ng conposition: 37.5 % gl ucans, 19.3% xylans, 5.8 % acetyl
groups, 220@0fMBERSON |ignin 6.3% ash, 8.5 % extracti vePCTABLNWOSIWES
submtted to continuous steam expl osi oz (St ake Tech reactor) at 200C for 6
m nutes. This pretreatnment |lead to a solubilisation of 70.6% of xylan and
8.6% of glucan. A 19.3 % of xylan were degraded to inhibitor conpounds

(furfura her degradation product), and 1.9 % of glucans were
degr adedlrtagp‘id%\%nﬁ?”f‘%%gﬁﬁlﬁé‘éﬁﬂépmﬁs yagld of élr“ﬁ‘l‘fbaftﬂic’?)’dﬂn An amount of

pretreated material—which compositi orhrf;,g,g pe—sunmartzedT1sol vent, sol ubl e
solid, insoluble salid, is added to a laboratory fernenter. Solvent (water,
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stream entering enz i . (s After enz tic hydrolysis, the
process liquid and %@%Aﬁ?%ﬂ@%ﬁt\ere anal yze%d'?n order to quantify the

yi el d of glucan andXxghpmcesoyieldi(Yo) sation. In efZymatic hydrol ysis process
gl ucan sol ubili satillqgj/é%“ell d was 71% whil e xyl @1 sol ubilisation yield was
84% The gl obal yie ated starting fromthe

“the process was cal cu
conposi tion of raw Bfi¥/gsing the pretreatnent p2a¥cess, taking into account
the material bal ance—of—the process—and—the—enzymati+ec—hydrol ysis yield on
gl ucan and xylan. A process solubilisation yield of 69.3%was cal cul at ed

for gluclrgmpM2| e a process solubilisation yield of 59.3 % was cal cul ated
for xylan. A global solubilisation yield of

Arundo has the following composition: 37.5 % glucans, 19.3% xylans, 5.8 % acetyl
groups, 22.6 % Klason lignin 6.3% ash, 8.5 % extractives.

Arundo was submitted to continuous steam explosion (Stake Tech reactor) at 215°C for 6
minutes. This pretreatment lead to a solubilisation of 90.8% of xylan and 7.1% of glucan.
A 63.8 % of xylan were degraded to inhibitor compounds (furfural and other degradation
product), and 4.5 % of glucans were degraded to inhibitors compounds (HMF and formic
acid)

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 60

FPU/g glucans and 248 FXU/g xylan for pretreated Arundo.

The composition of the stream entering the enzymatic hydrolysis is shown in Table 3



65.9 % referred to the sumof glucan and xylan present in the raw materi al
Is calculated in this process. The global yield for Arundo is in Table
2Tabl e 2.wanaywmasi2e hydrol ysis and process yield of gl ueam/mBmdosshen Arundo
STEAM EXPLOSI ON (200 OC, 6 min) Enzynma2ic hydrolysis yield glucans (%9 7 1
Enzymatic hydrolysis yield xylans (% 84 d ucan Process yield (%9 69.3
Xyl'an process yield (%9 59.3 FPU gce o e 60 FPU g xylans 220 Exanple 2

Arundo h ol | owi ng osition; 37.5 % glucans, 19.3% xylans, 5.8 %
acetyl ﬁ%ﬁ&? é?én%’s%"moé ‘IeF"@rﬁnFFr’G‘g?%%ﬁlch’dBJ Iysiext ractives. Arundo was

subrn'tted to cont[NUOUS STeam expl 0STON [ §{r&dik entehing ERzymage) | at 215 0C for
6 mnutes. This pretreatnment |ead to a sol ubi Ihyatysigp! 90.8% of Xyl an and
7.1% of glucan. A[63.8 % of xylan were degraded gQndohh! bi tor| conpounds
(furfural and ot her degradageegnn product)|, and 4&. ToodOT gi ucaps were
degraded to inhib[Tors conpygads (HVF and formcggepd) AT ampunt  of
pretreated materi gl Whi chggp;b(ﬂél tTonmcqm besum T zed—n—spl vent, soluble
solid, insoluble gotid; hSolGEle ESid 0 2 taboratory A merter—35ol vent (wat er,
buffer, antibacteftat—sortuttoh and—catatyst—soldtien—are—added to this
material in ordertoe—+eaech uucf"ut ab—sol-g—content 175 % Catal ysts
solution is cal culated-to WXRY an activilty of 60 13
Acetyl group 1.8
Lignin 20.2
Ash 3.6
Extractives 0.0
Soluble solid 22.0
Extractives 6.4
Glucan 0.3
Xylan 0.8
Acetyl group 1.6
Acetic acid 3.6
5-HMF 0.0
Furfural 0.3
Formic acid 0.1
Glucolygomers as glucan 0.5
Xyloolygomers as xylan 3.6

After enzymatic hydrolysis, the process liquid and solid fraction were analyzed in order to
quantify the yield of glucan and xylan solubilisation. In enzymatic hydrolysis process

glucan solubilisation yield was 82%, while xylan solubilisation yield was 99%.

The global yield of the process was calculated starting from the composition of raw
material entering the pretreatment process, taking into account the material balance of the

process and the enzymatic hydrolysis yield on glucan and xylan.

A process solubilisation yield of 87.8% was calculated for glucan, while a process
solubilisation yield of 35 % was calculated for xylan. A global solubilisation yield of 69.0
%, referred to the sum of glucan and xylan present in the raw material is calculated in this

process.

The global yield for Arundo is in Table 4



FPU g gl ucans and 248 FXU g xylan for pretreated Arundo. The conposition of
the streamentering the enzymatic hydrolysis is shown in Table 3Table 3.
Conposi t iwo 20fo/tiBE29st ream ent eri ng enzymati ¢ hydr ol ysi s PATHIB2O1@nAy AL | C
hydrol ysis, the process liquid and sol24l traction were analyzed in order to
quantify the yield of glucan and xylan solubilisation. hi enzymatic

hydr ol ysis process glucan solubilisation yield was 82% while xylan

sol ubi |'i i 0 ield. was, 99% The gl obal ,yield of the process was
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pretreatnment process, takKing into acggy,% the materiatbatance of the
process and the enzymatic hydrolysis yield on glucan and xylan. A process
sol ubilisation yield of 87.8%was cal cul at ed f FTEAMUBEROSINi | e a process
solubilisation yield of 35 %was cal cul ated foreisyd,amin) A gl obal

sol ubi l'i sation vyi eggh Bt 8FaBlysdyidEaits ) L 0 t gysumof—gtucan and xyl an
present in the raw_material is ‘calculated in this process. The gl obal yield
for Arundo is in TEBYERaUFPGPlEsisyielbyvfe®i ¢ hyd®8l ysis and process yiel d of
gl ucan and xyl an AGtuagh®Pr&dEAdMd BXPLOSI ON (215 0G7.86 mip) Enzymatic

hydrol ysis yield gkgﬁ]?é}?ce%‘gq’egQ%Fnzynati C hydrglfési(s yield xylans (% 99
60

A ucan Process yie an process Yyi %9 35.0 FPU g Cel |l ul ose
60 FPU g xyi ans 226PFzanp.e 3

FPU/, Exylans 220

Example 3

Fiber sorghum has the following composition: 35.8 % glucans, 20.0% xylans, 5.61 %
acetyl groups, 17.3 % Klason lignin 6.4% ash, 14.8 % extractives.

Chopped sorghum was submitted to continuous steam explosion (Stake Tech reactor) at
200°C for 6 minutes. This pretreatment lead to a solubilisation of 86.6% of xylan and
25.5% of glucan. A 61.7 % of xylan were degraded to inhibitor compounds (furfural and
other degradation product), and 8.0 % of glucans were degraded to inhibitors compounds
(HMF and formic acid)

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 60

FPU/g glucans and 220 FXU/g xylan for pretreated Sorghum.

The composition of the stream entering the enzymatic hydrolysis is shown in Table 5.



Fi ber sorghum has the foll ow ng conposition
17.3 % Kl ason lignin 6.4% ash,

5.61 %acetyl gro

ups,

35.8 % gl ucans,

20. 0% xyl ans,

14. 8 % extractives.

Chopped swoghumisees submitted to conti nuous steam expl oPCoNBLG0/63a12Tech

reactor) at 200C for 6 m nutes.

of 86.6% of xylan
i nhi bitor conpoun

gl ucans

anmount o

sol vent, sol uble
fermenter. Sol ven

solution are adde
of 7.5 % Catalys
gl ucans and 220 F
streamentering t
Conposition of th
hydrol ysis, the p
gquantify the yiel
hydr ol ysi s proces
sol ubi lisation yi
cal cul ated starti
t he pretreatnent

process and the e
sol ubi li sation vyi
sol ubi li sation vyi
sol ubili sation vyi
present in the ra
for sorghumis in

and 25. 5% of gl ucan.
ds (furfural

Thi s p2%treat ment

and ot her degradati on product),

| ead to a solubilisation
A 61.7 %of xylan were degraded to

and 8.0 % of

raded. to i nhibitors conmpounds (HVF and form c acid) An
ﬁgbf"ef ?g’gﬂ??d‘t’t?ﬁtoé thesitream; catering spaanaticdydrdysive summari zed in

Bolid, iInsoluble soliid,;
I (water, buffer, antihb

5@ e BErngERzyniatieT |2t Or' Y

act er ingdrofy@ sUb) on)

nd cat al yst

d to this material Tn d

rder tosp@meh a tofa

solid content

[ s sol uti ofpthis cal cul at

ed 10 haypoan actrvi

y of 60 FPU g

g xylanykgr pretreat

ed Sor ghghg g The cormp

osition of the

€ eNZYyMahiafsdly dr 01 YST§ 1S Showgign rabte 5 Tabl e 5.

B St rEaMGIMEELE €2y T trydr Y ySTs After enzymatic
OCESS ot d and——sot ..aytgugmf zed in order to
of—gtuecai_and—aHanr—gelubi+-sdtren—thr—enzymati c
i i ield \An3-0770/g while xyl an
eld was APSY 9% gl aball yield of0Fhe process was

g fromt Hégnironpositio

of raw Mdtlerial (Ta

ble 1) entering

rocess, t&khng into ag

count the2dmterial b

al ance of the

hzymat | cEkisedtivesysi S Vi €6

| d on glugan and xyl

an. A process

el d of B0lBkosstia cal cul

ated for agloucan, whi

| e a process

el d of 3Bxtdacleedas cal cy

| ated foryigylan. A g

obal

el d of 56dlcka referred

to the sgm of gluca

n and xyl an

W mat er | alx);la% cal cul at g

ain thnil Sp grocess. n

e gl obal yield

rable bAcetyl group

0.2

Acetic acid 1.8
5-HMF 0.1

Furfural 0.2

Formic acid 0.6
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After enzymatic hydrolysis, the process liquid and solid fraction were analyzed in order to

quantify the yield of glucan and xylan solubilisation. In enzymatic hydrolysis process

glucan solubilisation yield was 77%, while xylan solubilisation yield was 85%.

The global yield of the process was calculated starting from the composition of raw

material (Table 1) entering the pretreatment process, taking into account the material

balance of the process and the enzymatic hydrolysis yield on glucan and xylan.

A process solubilisation yield of 70.8% was calculated for glucan, while a process

solubilisation yield of 32.1 % was calculated for xylan. A global solubilisation yield of

56.0 %, referred to the sum of glucan and xylan present in the raw material is calculated in

this process.



Tabl e 6. Enzymatic hydrol ysis and process yield of glucan and xylan Sorghum
STEAM EXPLOSI ON (200 OC, 6 mn) Enzymatic hydrolysis yield glucans (%9 77
Enzymat i cwbydrooligeps yiel d xylans (% 85 d ucan ProcessPgiraBmi1¢o9§14i20. 8

Xyl an process yield (%9 32. 1 FPU g Ce28 ul ose 60 FPU g xyians 220 Exanple 4
Fi ber sorghum has the follow ng conposition: 35.8 % glucans, 20.0% xyl ans,
5.61 % acetyl groups, 17.3 % Klason lignin 6.4% ash, 14.8 % extractives.

Chopped r ubmtted t nt i nuous st eam expl osion (Stake Tech
react or)%ﬁ‘f g%%@ﬁ@%&flo&ﬁﬁs& pretreatment |ead to a sol ubilisation
of 94.9% of xylan and 23. 4% of glucan. A 86.3 % of xylan were degraded to
i nhi bi tor conpounds (furfural and other degradation product), and 9.5 % of
gl ucans @pb r@@@ﬁ%é‘éﬂt‘@@ﬁﬁﬁ@ﬂ‘iﬁ@@%dﬁ%@@ glycgrd formc acid) An

amount of pretreat ed material—whichconposition cam—be—summari zed in

sol vent, soluble solid, insoluble solid, is a ﬁ'ééf' to a | aboratory
fermenter. Solvent (water, buffer, antibactegredm $®pLddIOKR) and cat al yst
solution are added to this material in order zg(ﬁ,cr(,elgig)h a total solid content
of 7.5 % Catalysts solution is calculated t& ate an activity of 60 FPU g

gl ucans and 248 FXU dnxypatnhyflolysipyied glaans(th) S8 ghum
Enzymatic hydrolysis yield xylans (%) 85

Glucan Process yield (%) 70.8
Xylan process yield (%) 32.1
FPU/gcellulose 60

FPU/gxylans 220

Example 4

Fiber sorghum has the following composition: 35.8 % glucans, 20.0% xylans, 5.61 %
acetyl groups, 17.3 % Klason lignin 6.4% ash, 14.8 % extractives.

Chopped sorghum was submitted to continuous steam explosion (Stake Tech reactor) at
207°C for 6 minutes. This pretreatment lead to a solubilisation of 94.9% of xylan and
23.4% of glucan. A 86.3 % of xylan were degraded to inhibitor compounds (furfural and
other degradation product), and 9.5 % of glucans were degraded to inhibitors compounds
(HMF and formic acid)

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 60

FPU/g glucans and 248 FXU/g xylan for pretreated Sorghum.

The composition of the stream entering the enzymatic hydrolysis is shown in Table 7.



The conposition of the streamentering the enzymatic hydrolysis is shown in
Table 7. Table 7. Conposition of the streamentering enzymatic hydrol ysis
Af ter enzayoabiociibaedr ol ysis, the process liquid and sol i @Cfrapzd/esi4veer e
anal yzed in order to quantify the yiel27of glucan and xylan sol ubilisation.
In enzymatic hydrol ysis process glucan solubilisation yield was 79% while
xyl an sol ubilisation yield was 99% The gl obal yield of the process was
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) 07 4% 61— Enzynati c
ui XZ%I s—y+etd-—xyl ans (% 99

of glucan and xyl gn EANEXPLCCS
I I:IIL_yIItll.i

\
7 l‘EaQ/ | ar—pr
an

hydrol ysis yield gtu
G ucan Process yi etd
60 FPU/ g cyians 2
gl ucans, 19. 3% xy

U gcel | ul ose
sition: 37.5 %

Extractives 0.0
Soluble solid 33.0
Extractives 6.4
Glucan 0.3

Xylan 0.8

Acetyl group 1.6
Acetic acid 3.6
5-HMF 0.0

Furfural 0.3

Formic acid 0.1
Glucolygomers as glucan 0.5
Xyloolygomers as xylan 3.6

After enzymatic hydrolysis, the process liquid and solid fraction were analyzed in order to
quantify the yield of glucan and xylan solubilisation. In enzymatic hydrolysis process

glucan solubilisation yield was 79%, while xylan solubilisation yield was 99%.

The global yield of the process was calculated starting from the composition of raw
material entering the pretreatment process, taking into account the material balance of the

process and the enzymatic hydrolysis yield on glucan and xylan.

A process solubilisation yield of 71.5% was calculated for glucan, while a process
solubilisation yield of 13.4 % was calculated for xylan. A global solubilisation yield of
50.60 %, referred to the sum of glucan and xylan present in the raw material is calculated

in this process.

The global yield for sorghum is in Table 8.



groups, 22.6 %Klason lignin 6.3%ash, 8.5 %extractives. Arundo was
submtted to batch soaking process for 100 mn at 160 C, in which occurred
a first swbubidiisepi on of the raw material. A solid phaseTanmienitiscpui d
phase were generated in this process. J%e solid phase was submtted to a
bat ch steam expl osion pretreatnent at 200C for 8 mnutes. The |iquid phase
generated in the soaking process was then recycled to the steam expl oded
mat eri al .. Thi retre t lead to a sqluhilisation of 81.2% of xylan and
3. 7% of JPB@agj.Eonﬁ ?‘%caﬁ%r%&yﬁlaﬁ PIRSESS Yarld Phalugan d xai t or conpounds
(furfural and ot her degradation product), angim,)mdn % of —gtucans were
degraded to inhibitors conpounds (HVF and fornTc acid). An anount of
pretreated material which conmposition can be sseamExpzmstion N sol vent, sol ubl e
solid, insoluble solid, is added to a | aborappry, ddafenter. Sol vent (water,
buffer, antibacterial_solution) and catalyst solution are added to this
material in order to Fnewesic bydrobpigyicld glusags Gonf®ent of 7.5 % Catal ysts
solution is cal cul at eghzrmibBNR1y30 yield kyidis toy) 0d9 34 FPU/ g gl ucans and 68 FXU ¢

xylan for pretreated Arundo. Th nposition_of the streamentering
enzymatic hydrol ysis igca'r'grﬁ%ﬁsst%%”l&ﬁ table 9. ?a{al e 9. Conposition of the
stream ent eri ng enzyritldnprdagselyidfi 8 s The gl obd yield of the process was
cal cul ated starting flfP%r/'Q me conposition of % w material (Table 1) entering
the pretreatment process, taking into account the material balance of the
process and the enzyr®Uigyhydrol ysis yield omsgl ucan and xylan A process
sol ubi l'i sati on yi el d—ef—8+4%was—ecalcul-atedfor—glucan—while a process
solubilisation yield of 97.5 % was cal cul ated for xylan. A gl obal

sol ubi |l i gRémprR syield of 91.2 % referred to the sumof glucan and xyl an
present in the raw material is calculated in this process. The global vyield
for Arundo is in Table 10Table 10. Enzymatic hydrol ysis and process yield

of gl ucam ﬁé’sl e following composition: 37.5 % glucans, 19.3% xylans, 5.8 % acetyl

groups, 22.6 % Klason lignin 6.3% ash, 8.5 % extractives.

Arundo was submitted to batch soaking process for 100 min at 160 °C, in which occurred a
first solubilisation of the raw material. A solid phase and a liquid phase were generated in
this process. The solid phase was submitted to a batch steam explosion pretreatment at
200°C for 8 minutes. The liquid phase generated in the soaking process was then recycled

to the steam exploded material.

This pretreatment lead to a solubilisation of 81.2% of xylan and 3.7% of glucan. A 1.3 %
of xylan were degraded to inhibitor compounds (furfural and other degradation product),
and 0.1 % of glucans were degraded to inhibitors compounds (HMF and formic acid).

An amount of prétreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 34

FPU/g glucans and 68 FXU/g xylan for pretreated Arundo.

The composition of the stream entering enzymatic hydrolysis is reported in table 9.



Arundo Soak (160 0C, 100 min) + Stm Exp (200 0C, 8 mn) Enzymatic

hydrol ysis yield glucans (% 87.6 Enzymatic hydrolysis yield xylans (%
98.8 d ucwio2pProoidees yield (% 87.4 Xylan Process yield e@x/1821&0HRLY g
Ceiiul ose 34 FPU g xyians 68 Exanpl e 62¢i ber sorghum has the foll ow ng
conposi tion: 35.8 % glucans, 20.0% xylans, 5.61 % acetyl groups, 17.3 %
Klason lignin, 6.4% ash, 14.8 %extractives Fi ber sorghumwas submtted to
batch so ess. for. 25 mn at 180 OC, ich occurred a first

sol ubi I i 33“%1%rﬂ%’élopé\%th?éﬁ@?mfptenﬂg§azwtﬁﬁag§> ¥ a 1iquid phase were
generated in this process. The solid phase was submtted to a batch steam
expl osion pretreatnent at 200 0C for 8 mnutes. The liquid phase generated

in the soaking process was then recycl gd t%’%'ﬁ@”?ﬂ%ﬁﬁ%&ﬁ‘l“bde mat eri al .
Thi s pretreat nent—ead—t+o—a—soelubi-Hsation—of hydr nd 6. 3% of
glucan. A 0.97 %-of xylan were degraded to inhi I‘ﬁrﬂl?qo canpoundg (furfural
and ot her degradation prodet) and 0.1 % of gl ut®B8 were degrladed to
i nhi bitors conpaunds (HVFWated f or ni c_aki d). An agpumt of pretreated
mat eri al which g¢onposititotalsaid be summpri zed i n smlovent, sol ubl e solid,
I nsol ubl e solid,| i s adtedublesalidaborat pry fernentarz. Sol vent ((water,
buffer, antibacterial solau¢amn) and catal yst sol yslzon are added to this
material in order to reackyan 25
Galactan 0.4
Arabinan 0.2
Acetyl group 0.8
Lignin 10.8
Ash 1.2
Extractives 0.0
Soluble solid 32.3
Glucan 0.1
Xylan 1.2
Galactan 0.1
Arabinan 0.3
Acetic acid 1.0
HMF 0.0
Furfural 0.1
Glucolygomers as glucan 0.9
Xyloolygomers as xylan 9.4
Galactolygomers as galactan 0.1
Arabinolygomers as arabinan 0.3
Acetyl groups 1.2
Extractives 6.4

The global yield of the process was calculated starting from the composition of raw
material (Table 1) entering the pretreatment process, taking into account the material

balance of the process and the enzymatic hydrolysis yield on glucan and xylan

A process solubilisation yield of 87.4% was calculated for glucan, while a process
- solubilisation yield of 97.5 % was calculated for xylan. A global solubilisation yield of
91.2 %, referred to the sum of glucan and xylan present in the raw material is calculated in

this process.

The global yield for Arundo is in Table 10



total solid content of 7.5 % Catalysts solution is calculated to have an
activity of 34 FPU g glucans and 59 FXU/ g xylan for pretreated sorghum The
conposi t iwo 20fo/t1BE29st r eam ent eri ng enzymati ¢ hydr ol ysi s PC3/IBEp@ni@l i n
table 11. Table 11. Conposition of the 3 reamentering enzymatic hydrol ysis
The gl obal yield of the process was cal cul ated starting fromthe
conposition of raw material (Table 1) entering the pretreatnent process,
taking int count th terial, K bal ance of .the prqocess and the enzynatic
hydr ol ys?&ggﬁa@- ﬁn@ﬁn@}rﬁ&y OIX%%IPfaﬁeSAYLﬁI‘g%%‘BCWGBﬁY asation yield of
87.8% was cal cul ated Tor glucan, whiTe a prggass solubitisation yield of
97.8 % was calculated for xylan A global solubilisation vield of 91.3 %
referred to the sum of glucan and xyl an pr Sesimso i1ob ha)faw material is
calculated in this process. The gl obal vyielghEQrooRegMnis in Table
12Tabl e 12. Enzynmatic hydrolysis and process yi eﬁ d of glucan and xyl an
Sor ghum Soak ( 18GneHmatiohydelyp vield guespyve) Expl8dble (200 0C, 8 min) Enzymatic
hydrol ysi s yi el d BykyuaadisydbdbBis Bdd Qyidap@ymat i ogbydrol ysis yield xylans (%
98.9 d ucan Proc peld (99,87.8 Xylan Process yield (%9 97.8 FPU g
Cel I ul ose 34 FPU/Q%‘?C?YILr?CaC?\SYge@é’?abI es 13 an(§?§4 show t he stream anal ysis of
the feeds as the?‘%%@cﬁaﬁ%(%)hrough t he va@f-fous stages of the process as
described in Figypg,l under the conditionsigdescribed in the tables using
the equi pment in this specification. TABLE 13 SORGHUM

FPU/gxylans 68

Example 6

Fiber sorghum has the following composition: 35.8 % glucans, 20.0% xylans, 5.61 %
acetyl groups, 17.3 % Klason lignin, 6.4% ash, 14.8 % extractives

Fiber sorghum was submitted to batch soaking process for 25 min at 180 °C, in which
occurred a first solubilisation of the raw material. A solid phase and a liquid phase were
generated in this process. The solid phase was submitted to a batch steam explosion
pretreatment at 200°C for 8 minutes. The liquid phase generated in the soaking process

was then recycled to the steam exploded material.

This pretreatment lead to a solubilisation of 63.6% of xylan and 6.3% of glucan. A 0.97 %
of xylan were degraded to inhibitor compounds (furfural and other degradation product),

and 0.1 % of glucans were degraded to inhibitors compounds (HMF and formic acid).

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity of 34

FPU/g glucans and 59 FXU/g xylan for pretreated sorghum.

The composition of the stream entering enzymatic hydrolysis is reported in table 11.
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4.024 3.847
29 18. 3% C6
al (9t / wt

dry matter basis) 0.087% Grgdgh0% 0. 08b%

0.321 0.402 0.34070.386 kwgt&r at 77

38.852 Liquid stireant(5 QI gure
24. 1% 26. 6% 23. 2%?6—7‘70‘%‘—% Wt
nsoluble solid

ot /wt dry matter basig) 19. 9%vylifly 4% 17
' 13. 3% 50. 83Aumn urfu
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t1 14.119 6.990

pbasi s) 18. 0%

—$56% 6. 97%

4.22%5.72%

e (et y matter
oy Y fratter uasd'z:w G-I/

Glucan 25.0
Xylan 5.9
Galactan 0.0
Arabinan 0.4
Acetyl group 1.1
Lignin 8.9
Ash 1.1
Extractives 0.0
Soluble solid 32.6
Glucan 0.1
Xylan 0.3
Galactan 0.0
Arabinan 04
Acetic acid 0.9
HMF 0.0
Furfural 0.1
Glucolygomers as glucan 1.3
Xyloolygomers as xylan 7.1

Galactolygomers as galactan 0.3.
Arabinolygomers as arabinan 0.5
Acetyl groups 0.8

Extractives

111

The global yield of the process was calculated starting from the composition of raw

material (Table 1) entering the pretreatment process, taking into account the material

balance of the process and the enzymatic hydrolysis yield on glucan and xylan

A process solubilisation yield of 87.8% was calculated for glucan, while a process

solubilisation yield of 97.8 % was calculated for xylan. A global solubilisation yield of

91.3 %, referred to the sum of glucan and xylan present in the raw material is calculated in

this process.

The global yield for Sorghum is in Table 12



Furfural (%w/wt dry matter basis) 0.069% 0.435% 0. 326% 0. 365% 0. 378% C5/ C6
ratio 3.638 6.749 3.825 5.501 3.623 Furfural/(C5+C6) * 10L(4) 30.091

157. 376 WwWORMB/M3R9866 142. 787 G obal process (20from FiPguAB201)/033512 %M / wt
dry matter basis) 19.5% 19.4% 19. 5% 1934% 19.3% C6 (9% /wt dry nmatter

basi s) 35.2% 35. 2% 35. 2% 35. 2% 35. 1% Furfural (% /wt dry matter basis)

0. 083% 0. 190% 0. 140% 0. 153% 0. 292% C5/ C6 rati o 0.553 0.552 0.554 0.552

0. 548 Fur.lf#)r aH %%5{062?%* %.0{%%.4) (3{5. 164 34.860 25.584 28.035 53. 632TABLE 14
ARUNDO Corftof2- atjg hydrolysisiand pracess yreld of ghican and xylundo Ar undo Ar undo
Arundo Arundo Arundo Soak (4 from Figure gbr. frme—(nim—160—166- 60 25 15
Tenperature ("C—-_160 160 160 180 180 Log 0) 3.767 3.767 3.545 3.753
3.532 C5 (% /wt dry matter basis) 19. 3%sda 140l nfado-19. 0% 15. 5% 16. 1% C6
(% /wt dry matter basis) 37.0% 47.3% 47 (39 9 79%.49. 3% Fur f ur al

(%t /wt dry matter basis) 0.000% 0.015% Sé“gﬂl’ggx%"’%.‘/%@égosdﬁ“ 15% 0. 014% C5/ C6
ratio 0.521 0. 39Bnzgmatiofydolysp yiel eBO@s 05)3287.Fur f ur al / (C5+Cb) * 10L(4) 0.000
2.324 2.324 0. 80fnzgmai hydlolyk# ieﬁtxg.‘]a,mé@(pl ggbon (6 fromFigure 1) Tinme (mn)
8 12 8 8 8 Terrpe&%éagr[',reocés;r)ielg/q 200 200 2Q0 200

0 87.8

Xylan Process yield (%) 97.8

FPU/gceltutose 34
FPU/gyytans 59




Log(Ro) 3.847 4.024 3.847 3.847 3.847 C5 (% /wt dry matter basis) 18.0%
17.9% 18. 8% 15.4% 15.9% C6 (9% /wt dry matter basis) 47.2% 47.2% 45. 0%

51. 7% 49.8002purfigr2al (% /W dry matter basis) 0.182% OPLT3B2000/086% 0. 045%
0.027% C5/C6 ratio 0.380 0.379 0.417 03298 0.323 Furfural/(C5+C6) 10L(4)
27.980 26.625 8.855 6.751 4.145 Liquid stream (5 fromFigure 1) C5 (%w/w
dry matter basis) 20.5% 20.5% 18. 9% 26. 4% 26. 7% C6 (%w/w dry matter

basis) 2.4 % 43% 3. 95% 3. 23% 4. 91% Furfural (%vw/w dry matter basis)

0. 1202’/0 g ’65/0 f}g Bhoiw Sy, W%%a&}m FhStﬁeésaawlnﬁy aveaq faken 2irdugh ey
5.426 Fug I 2 obal
o 0ceSS (glgél?;rsgz(n%g?gl‘o‘g@;reeproéégkQé‘%es@r’rl?&iqﬁﬁé:rgq n%gr é él.‘?ng t1§1§§1@§/§r1l§%§5}q1e8 8%
18. 7% 1 8t8311650611(g°/&£ﬁw1pm|emmmhl‘sepeclfmtlex) 37. 0% 37 0% 37. 0% 36. 9% 36. 9%
Furfural (%w/wt dry matter basis) 0.168% 0.161% 0. 059% 0. 084% 0. 089% C5/ C6
ratio 0.502 0.501 0.508 0.507 0.513 Furfural/(C5+C6) * 10L(4) 30.276 29.051
10. 496 13ABIX 15s8ReMEM ol | owi ng two series of experinents, 15 and 16 were

carried out on a continuous pr Qg)o%ﬁél on T\Q&lﬁ,‘d[ blféﬂv olll!.!-e& UIIUUrI ST ct i\ée'ry

There argyxQ@E conpositionm wtg M’nﬁ%ar = LArsgis be v

caused bYs AR R tRaUrT R aToumt i WOt

stream a 'ﬁﬁl séea”i ,e’”j' OSTOM: '”BtE oA X*'eat S1E0'oa” EE“1E5I s 28

Test3 Tesltempglfa o) . 160 160 180 180 180
Log(Ro) - 3.545 3.767 3.532 3.753 3.753
C5 (%wt/wt dry matter basis) 20.0% 20.2% 17.4% 17.6% 17.5% 18.3%
C6 (%wt/wt dry matter basis) 35.2% 44.9% 52.0% 43.3% 50.6% 47.5%
Furfural (%wt/wt dry matter basis) 0.000% 0.007%  0.005% 0.033% 0.058% 0.021%
C5/C6 ratio 0.570 0.450 0.335 0.407 0.346 0.385
Furfural/(C5+C6) * 104(4) 0.000 1.092 0.698 5.401 8.487 3.190
Steam explosion (6 from Figure 1)
Time (min) 8 12 8 8 8
Temperature (°C) 200 200 200 200 200

_Log(Ro) 3.847 4.024 3.847 3.847 3.847

C5 (%wt/wt dry matter basis) 19.9% 16.7% 17.4% 17.2% 18.3%
C6 (%wt/wt dry matter basis) 44 .8% 52.0% 43.3% 50.6% 47.5%
Furfural (%wt/wt dry matter basis) 0.087% 0.060% 0.086% 0.047% 0.256%
C5/C6 ratio 0.444 0.321 0.402 0.340 0.386
Furfural/(C5+C6) * 104(4) 13.466 8.741 14.119 6.990 38.852
Liquid stream (5 from Figure 1)
C5 (%wt/wt dry matter basis) 18.0% 24.1% 26.6% 23.2% 20.7%
C6 (%wt/wt dry matter basis) 4.95% 3.56% 6.97% 4.22% 5.72%
Furfural (%wt/wt dry matter basis) 0.069% 0435% 0.326% 0.365% 0.378%
C5/C6 ratio 3.638 6.749 3.825 5.501 3.623
Furfural/(C5+C6) * 10%(4) 30.091 157.376 97.113 132.866 142.787
Global process (20from Figure 1)
C5 (%wt/wt dry matter basis) 19.5% 19.4% 19.5% 19.4% 19.3%
C6 (%wt/wt dry matter basis) 35.2% 35.2% 35.2% 35.2% 35.1%
Furfural (%wt/wt dry matter basis) 0.083% 0.190% 0.140% 0.153% 0.292%
C5/C6 ratio 0.553 0.552 0.554 0.552 0.548

Furfural/(C5+C86) * 104(4) 15.164 34.860 25.584 28.035 53.632




Wheat Wheat Wheat Wheat Wheat Wheat MATERIAL Straw Straw Straw Straw Straw
Straw Soaki ng Tenperature (C) - 155 165 165 165 165 Tinme (mn) - 97 67 67
67 67 Log¥Bap10/11312861 3. 74 3.74 3.74 3.74 Steam expl osi orCTarpao/63re (C) -
195 195 200 205 195 Time (mn) - 4 4 434 4 Log(Ro) - 3.40 3.40 3.55 3.69
3.40 C5 (%m/wt dry matter basis) 21.6% 11.2% 10.0% 8.6% 6. 9% 9. 1% C6
(%v/wt dry matter basis) 34.9% 45. 3% 44. 2% 49. 2% 48. 9% 44. 9% Fur f ur al
(9%t / wt g.r H%Ws) 0.00% 0. 00% 0. 00% 0. 00% 0. 00% 0. 00% C5/C6 ratio
06202%31% 4 0. 20 Furfural / (C5+C6) * 104 0.00 0.00 0.00 0.00
0.00 0.00 Liquid stream C5 (%w./wt dry matter basis) - 32.9% 39. 6% 39. 6%
39.6%2 1.5%C6 (%uw/w dry natt@antrblasi Bgst111. 6RéstP4. 9 Redtd. 9%rasts 9% 1stBY0
Furfural Masiel w dry matter basiAyndo 0./80%00. 83kd®. SRUndb 83Rurdo9d5 Y%rRdoCH
ratio - BRBEXrgFiguwréd 2. 66 1.45 Furfural /(C5+C6) * 104 - 202.42 151.76
151. 76 150m&@ig10. 50 G obal process €5 (%d W digo nmatt ep basi 95 21. 6%

14. 7% 14. B¥pdratue¥cll. 7% 10. 2% - 160 160 160 180 180
Log(Ro) - 3.767 3.767 3.545 3.753 3.532
C5 (%wt/wt dry matter basis) 19.3% 18.4% 18.4% 19.0% 16.5% 16.1%
C6 (%wt/wt dry matter basis) 37.0% 47.3% 47.3% 45.0% 51.7% 49.3%
Furfural (%wt/wt dry matter basis) 0.000% 0.015% 0.015% 0.005% 0.015% 0.014%
C5/C6 ratio 0.521 0.390 0.390 0.421 0.300 0.326
Furfural/(C5+C6) * 10~(4) 0.000 2.324 2.324 0.807 2.221 2.140
Steam explosion (6 from Figure 1)

Time (min) 8 12 8 8 8
Temperature (°C) 200 200 200 200 200
Log(Ro) 3.847 4.024 3.847 3.847 3.847
C5 (%wt/wt dry matter basis) 18.0% 17.9% 18.8% 15.4% 15.9%
C6 (%wt/wt dry matter basis) 47.2% 47.2% 45.0% 51.7% 49.3%
Furfural (%wt/wt dry matter basis) 0.182% 0.173% 0.056% 0.045% 0.027%
C5/C6 ratio 0.380 0.379 0.417 0.298 0.323
Furfural/(C5+C6) * 10~(4) 27980  26.625 8.855 6.751 4.145

Liquid stream (5 from Figure 1)

C5 (%wt/wt dry matter basis) . 20.5% 20.5% 18.9% 26.4% 26.7%
C6 (%wt/wt dry matter basis) 2.43% 2.43% 3.95% 3.23% 4.91%
Furfural (%wt/wt dry matter basis) 0.120% 0.120% 0.067% 0.174% 0.248%
C5/C6 ratio 8.441 8.441 4773 8.177 5.426
Furfural/(C5+C6) * 10(4) 52203 52.203  29.411 58.721 78.382
Giobal process (20 from Figure 1)

C5 (%wt/wt dry matter basis) 18.5% 18.5% 18.8% 18.7% 18.9%
C6 (%wt/wt dry matter basis) 37.0% 37.0% 37.0% 36.9% 36.9%
Furfural (%wt/wt dry matter basis) 0.168% 0.161% 0.059% 0.084% 0.089%
C5/C6 ratio 0.502 0.501 0.508 0.507 0.513

Furfural/(C5+C6) * 10/(4) 30.276  29.051 10496 15162  15.853




Co6 (%uv/w dry matter basis) 34.9% 39. 8% 40. 3% 44. 4% 43. 9% 42. 3% Fur f ur al
(%v/wt dry matter basis) 0.00% 0. 15% 0. 11% 0. 12% 0. 12% 0. 25% C5/ C6 ratio
0.62 0.3A0.286/03R29 0.27 0.24 Furfural/(C5+C6) * 104 0. @0TAB20070AB1249 20. 18
21.70 48. 02TABLE 15B - Wheat Straw TesB$ Test7 Testd Test9 Testi O Testi 1
Wheat Wheat Wheat Wheat Wheat Wieat MATERI AL Straw Straw Straw Straw Straw
Straw Soaki ng Tenperature (0C) 165 165 165 165 165 165 Tinme (mn) 67 67 5 1

5151 RO 3.74 3.74 3.62 3.62 3.62 3.48 Steam expl osion
Tenper at &I‘g Lf?géfym)ﬁo%v%weﬁgé peripgats &5 and k6 weiengarred; oyt gnp gontingowo)

3.55 3.6 . Q1o (2 ‘ t_hasi 8% 490 8. 5%
S 006 4. J0roEsSDon wie ( Gotbshy dnd y ngtﬁé%ﬁrgcﬁggg'sw W PR bk, 3o Al >0
49. 6% Fufifdriural afdshis it belieyednid bercatred ity) arD eXkadsite MMVt SSedn ®e8pifg MRYo
0.00% CS4Ch, atip 0,13 0,11, 0,19, 0,14 .12 029 Furfural/ (Co+C) * 104

19l igdhg L

10. 88 1214 Yanogr stecagbalicr Gteayy plagioss r eam C5 (9t /wt dry matter
basis) 2 1.5%2 1.5% 19. 7% 19. 7% 19. 7% 26. 6%

TABLE 15A — Wheat Straw

Control Test1 Test2 Test3 Test4 Test5
Wheat Wheat Wheat Wheat Wheat Wheat

MATERIAL Straw Straw Straw Straw Straw Straw
Soaking

Temperature (°C) - 165 165 165 165 165
Time (min) ’ , - 97 67 67 67 67

Log(Ro) - 3.61 3.74 3.74 3.74 3.74

Steam explosion

Temperature (°C) ' - 195 195 200 205 195
Time (min) - 4 4 4 4 4
Log(Ro) - 3.40 3.40 3.55 3.69 3.40
C5 (%wt/wt dry matter basis) 21.6% 11.2% 10.0% 8.6% 6.9% 9.1%
C6 (%wt/wt dry matter basis) 34.9% 45.3% 44.2% 49.2% 48.9% 44.9%
Furfural (%wt/wt dry matter basis) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
C5/C6 ratio 0.62 0.25 0.23 0.18 0.14 0.20
Furfural/(C5+C8) * 10° 0.00 0.00 0.00 0.00 0.00 0.00

Liquid stream

C5 (%wt/wt dry matter basis) - 32.9% 39.6% 39.6% 39.6% 21.5%
C6 (%wt/wt dry matter basis) Co- 11.6% 14.9% 14.9% 14.9% 14.8%
Furfural (%wt/wt dry matter basis) - 0.90% 0.83% 0.83% 0.83% 2.95%
C5/C6 ratio - 2.85 2.66 2.66 2.66 1.45
Furfural/(C5+C6) * 10* - 20242 15176 151.76 151.76  810.50

Global process

C5 (%wt/wt dry matter basis) 21.6% 14.7% 14.0% 13.0% 11.7% 10.2%
C6 (%wt/wt dry matter basis) 34.9% 39.8% 40.3% 44.4% 43.9% 42.3%
Furfural (%wt/wt dry matter basis) 0.00% 0.15% 0.11% 0.12% 0.12% 0.25%
C5/C6 ratio 0.62 0.37 0.35 0.29 0.27 0.24

Furfural/(C5+C6) * 10* 0.00 27.07 20.49 20.18 21.70 48.02




C6 (%ut/w dry matter basis) 14.8% 14.8% 14.4% 14. 4% 14. 4% 14. 7% Fur f ur al
(%v/wt dry matter basis) 2.95% 2.95% 2. 32% 2. 32% 2. 32% 2. 95% C5/C6 ratio
1.45 1. 45W0.2810/32% 1.37 1.81 Furfural/(C5+C6) * 104 81@CP0BB1Q0EHA1681 . 43
681 .43 681 .43 713.38 dobal process 8 (%vw/w dry nmatter basis) 7.2%
6.4%9.5% 7.2%6.1% 15.2% C6 (% /w dry matter basis) 4 1.6%42.4% 42. 1%
41. 2% 38. 5% 47. 6% Furfural (%uv/w dry matter basis) 0.30% 0.31% 0. 25%
0.26% 0. 0 ratio 0.17 0.15 0.23 0.18 0.16 0. 32

Fur f ural %(A@‘-Fo%gg %‘%&“@9 63. 08 48.54 54.54 60.22 27. 69TABLE 15C - \eat
Straw Test 12 Test 13 Test 14 Test15 Test 16 Test 17 Wheat Wheat Wheat Wheat
Wheat Wheat MATERI AL Straw Straw Straw Straw Straw Straw Soaki ng
Tenperature (0C) 165 165 165 165 165 170 Tine (mn) 37 37 27 27 27 37

Log(Ro) 3.48 3.48 3.35 3.35 336 3. G8stBt eaMetsx pl oRds@n Temspavat gegi{ " C) 200
205 195 200 205 195 Tine (m dg/heam MWheatl 4Wbeat( ROWhé&at55 \Bhea® 3 WieaB. 55 3. 69

3. 40 traw Straw Straw Straw Straw Straw
Soakmg
Temperature (°C) 165 165 165 165 165 165
Time (min) 67 67 51 51 51 37
Log(RO) 3.74 3.74 3.62 3.62 3.62 3.48
Steam explosion
Temperature (°C) 200 205 195 200 205 195
Time (min) 4 4 4 4 4 4
Log(RO) 3.55 3.69 3.40 3.55 3.69 3.40

C5 (%wt/wt dry matter basis) 5.8% 4.9% 8.5% 6.0% 4.7% 14.5%

C6 (%wt/wt dry matter basis) 44.1% 44.9% 44.9% 43.9% 40.9% 49.6%
Furfural (%wt/wt dry matter

basis) 0.05% 0.06% 0.04% 0.06% 0.06% 0.00%
C5/C6 ratio 0.13 0.11 0.19 0.14 0.12 0.29
Furfural/(C5+C6) * 10 10.88 12.10 7.98 11.58 13.62 0.00

Liquid stream
C5 (%wt/wt dry matter basis) 21.5% 21.5% 19.7% 19.7% 19.7% 26.6%

C6 (%wt/wt dry matter basis) 14.8% 14.8% 14.4% 14.4% 14.4% 14.7%
Furfural (%wt/wt dry matter

basis) 2.95% 2.95% 2.32% 2.32% 2.32% 2.95%
C5/C6 ratio 1.45 1.45 1.37 1.37 1.37 1.81
Furfural/(C5+C6) * 10* 81050 810.50 681.43 681.43 681.43 713.38

Global process
C5 (%wt/wt dry matter basis) 7.2% 6.4% 9.5% 7.2% 6.1% 15.2%

C6 (%wt/wt dry matter basis) 41.6% 42.4% 42.1% 41.2% 38.5% 47.6%
Furfural (%owt/wt dry matter
basis) 0.30% 0.31% 0.25% 0.26% 0.27% 0.17%

C5/C6 ratio 0.17 0.15 0.23 0.18 0.16 0.32
Furfural/(C5+C6) * 10* 61.89 63.08 48.54 54.54 60.22 27.69



C5 (%v/w dry matter basis) 7.6%4.9% 14.0% 8.0% 5. 7% 8.2% C6 (%v/w dry
matter basis) 50.6% 47.9% 49. 9% 49. 8% 48. 2% 53. 5% Furfural (%vw/wt dry
matter baw0=2p100L182% 0. 03% 0. 00% 0. 00% 0. 03% 0. 00% C5/ C6 PcaB1@0s13120. 10
0.28 0.16 0.12 0.15 Furfural/(C5+C6) *3104 3.96 4.85 0.00 0.00 5.71 0.00
Liquid stream C5 (% /wt dry matter basis) 26.6% 26. 6% 29. 8% 29. 8% 29. 8%
27.3% C6 (%wv/w dry matter basis) 14.7% 14. 7% 16. 4% 16. 4% 16. 4% 13. 5%
Fur f ural dr tter basis) 2.95% 2.95% 1.99% 1. 99% 1. 99% 1. 70%
Cs/ C6 ratTu("tﬁflé%C Whea Siw; g1 10 81 2. 03 Furfural / (C5+C6) * 104 713.38
713.38 430.07 430.07 430.07 417.42 G obal process C5 (%W /wt dry matter
basis) 8. 7%6.2% 15.1%9.5% 7.5%9.9% C6 (%w/w dry matter basis) 48.5%

46. 0% 47. 6% 47. 4% 45. 8% 49. QWWW%
0.20% 0. 14% 0. 14% 0. 18% 0. 15% £y "*%”3n orEg S0 1eslo 3o Tastiy o legin 20

at

Furfural / * 104 34 20 21,80 25833 gab ﬂBLEE%@E’ Wheat
Straw Te M@k@@) 0 2C " S -Sfidu A‘g@ ég\e at

Wheat J _-. A aw aw, aw—Seaki-ng
Tenper at 3%92 0 170 155 155'0%5 155 |rre1€§1' ) 3P 37 7872 72782

Log(Ro) 3.48 3.48 3.35 3.35 3.35 3.63

Steam explosion

Temperature (°C) 200 205 195 200 205 195
Time (min) 4 4 4 4 4 4
_Log(Ry) 3.55 3.69 3.40 3.55 3.69 3.40
C5 (%wt/wt dry matter basis) 7.6% 4.9% 14.0% 8.0% 5.7% 8.2%
C6 (%wt/wt dry matter basis) 50.6% 47 9% 49.9% 49.8% 48.2% 53.5%
Furfural (%wt/wt dry matter basis) 0.02% 0.03% 0.00% 0.00% 0.03% 0.00%
C5/C6 ratio 0.15 0.10 0.28 0.16 0.12 0.15
Furfural/(C5+C6) * 10* 3.96 4.85 0.00 0.00 5.71 0.00

Liquid stream

C5 (%wt/wt dry matter basis) 26.6% 26.6% 29.8% 29.8% 29.8% 27.3%
C6 (Y%wt/wt dry matter basis) 14.7% 14.7% 16.4% 16.4% 16.4% 13.5%
Furfural (%wt/wt dry matter basis) 2.95% 2.95% 1.99% 1.99% 1.99% 1.70%
C5/C6 ratio 1.81 1.81 1.81 1.81 1.81 2.03
Furfural/(C5+C6) * 10* 713.38  713.38  430.07  430.07 430.07 417.42

Global process

C5 (%wt/wt dry matter basis) 8.7% 6.2% 15.1% 9.5% 7.5% 9.9%
C6 (%wt/wt dry matter basis) 485%  46.0% 476%  47.4% 45.8% 49.9%
Furfural (%wt/wt dry matter basis) 0.20% 0.20% 0.14% 0.14% 0.18% 0.15%
C5/CS6 ratio 0.18 0.13 0.32 0.20 0.16 0.20

Furfural/(C5+C6) * 10* 34.20 37.95 21.90 25.26 33.63 25.38




Log(Ro) 3.63 3.63 3.48 3.48 3.48 3.48 Steam expl osion Tenperature ("C) 200
205 195 200 195 195 Tine (mn) 4 4 4 4 4 4 Log(Ro) 3.55 3.69 3.40 3.55 3.40
3.40 C5 (wet2omv118rzy matter basis) 5.6% 4. 9% 14. 3% 10. 4%PC31B211/F5109% C6

(% /wt dry matter basis) 48.8% 48. 8% 39. 4% 46. 7% 43. 6% 44. 7% Fur f ur al

(% /w dry matter basis) 0.02% 0.02% 0. 00% 0. 00% 0. 00% 0. 00% C5/C6 ratio
0.12 0.10 0.29 0.22 0.43 0 38 Furfural/(C5+C6) * 104 4.46 4.39 0.00 0.00
0 00 O. Oq#1$11995t a C5 (%w/w dry matter basis) 27.3% 27. 3% 22. 7%

. 7% 29 WMt dry matter basis) 13.5% 13.5% 12. 3% 12. 3%
14 3% 14. 3% Fur f ur al (%Nt/vvt dry matter basis) 1.70% 1.70% 2. 01% 2. 01%
1.61%1.96% C5/C6 ratio 2.03_2.03 1.85 1.85 2.05 2.22 Furfural/(C5+C6) *
104 417.42 417.42 574.97 574, Tést369. DesttR7. Bebt2® obbtopr oqess? CoTédhd / Wt dry
matter basis) 7.6% 6. 9% 15. 2%WHea?% Yhe806 1@hésth CONh&dnt / Wihedt Y RBchiEr
basi s) 4MAIGRIAE 704 A5 4% 43, 198teaw] OBtraw, 49SFew f ur Straw Yt Stretv_dr \Strawt t er
basis) 0.5pF¥Ad). 17% 0. 21% 0. 21% 0. 10% 0. 21% C5/C6 ratio 0.17 0.15 0.33 0.27
0. 46 0. 4T5empardture ECY (C5+C6) * 10418R. 67 B¥D. 95 35537 395314 15145 35. 4 TABLE
15E - \Whdérme ®inaw Test 24 Test 25 Tawst 26 37 72 72 72 72

Log(Ro) 3.63 3.63 3.48 3.48 3.48 3.48

Steam explosion

Temperature (°C) 200 205 195 200 195 195
Time (min) 4 4 4 4 4 4
Log(Ro) 3.55 3.69 3.40 3.55 3.40 3.40
C5 (%wt/wt dry matter basis) 5.6% 4.9% 14.3% 10.4% 18.7% 17.0%
C6 (%wt/wt dry matter basis) 48.8% 48.8% 49.4% 46.7% 43.6% 44.7%
Furfural (Y%owt/wt dry matter basis) 0.02% 0.02% 0.00% 0.00% 0.00% 0.00%
C5/C6 ratio 0.12 0.10 0.29 0.22 0.43 0.38
Furfural/(C5+C6) * 10* 4.46 4.39 0.00 0.00 0.00 0.00

Liquid stream

C5 (%wt/wt dry matter basis) 27.3% 27.3% 22.7% 22.7% 29.3% 31.7%
C6 (%wt/wt dry matter basis) 13.5% 13.5% 12.3% 12.3% 14.3% 14.3%
Furfural (%wt/wt dry matter basis) 1.70% 1.70% 2.01% 2.01% 1.61% 1.96%
C5/C6 ratio 2.03 2.03 1.85 1.85 2.05 2,22
Furfural/(C5+C6) * 10* 41742 41742 57497 57497 369.56 427.34

Global process

C5 (%wt/wt dry matter basis) 7.6% 6.9% 15.2% 1.7% 19.3% 18.6%
C6 (%wt/wt dry matter basis) 45.7% 45.7% 45.4% 43.1% 41.9% 41.4%
Furfural (%ewt/wt dry matter basis) 0.17% 0.17% 0.21% 0.21% 0.10% 0.21%
C5/C6 ratio 0.17 0.15 0.33 0.27 0.46 0.45

Furfural/(C5+C6) * 10* 32.67 32.95 36.37 39.14 15.65 35.64




Wheat \Wheat Wheat MATERI AL Straw Straw Straw Soaki ng Tenperature (C) 155
155 155 Time (mn) 132 132 132 Log(Ro) 3.74 3.74 3.74 Steam expl osion
Tenper at Wwe 200013190 195 200 Tinme (mn) 4 4 4 Log(Ro) 3re91B824003485 C5
(9% /wt dry matter basis) 14.0% 11.2%39.8% C6 (%w/w dry matter basis)
45. 7% 45. 6% 45. 8% Furfural (%v/w dry matter basis) 0.00% 0.00% 0. 00%
C5/C6 ratio 0.31 0.25 0.24 Furfural/(C5+C6) 104 0.00 0.00 O. 0;) Li guid
stream 0 ter basis) 27.8%27.8%27.8% C6 (% /wt dry matter
basi s) %A&%ﬁglégﬁ%%ag&}r%’rfural (%v/wt dry matter basis) 2.62% 2.62%
2.62% C5/C6 ratio 2.24 2.24 2.24 Furfural/(C5+C6) 104 651.91 651.91 651.91

A obal process C5 (% /wt drvwwm 13. 1% 12. 7%

Wheat Wheat Wheat

MATERIAL Straw Straw Straw
Soaking

Temperature (°C) 1565 1565 165
Time (min) 132 132 132
Log(Ro) 3.74 3.74 3.74

Steam explosion

Temperature (°C) 190 195 200
Time (min) 4 4 4
_Log(Ro) 3.25 3.40 3.55
C5 (%wt/wt dry matter basis) 14.0% 11.2% 10.8%
C6 (Y%wt/wt dry matter basis) 45.7% 45.6% 45.8%
Furfural (%wt/wt dry matter basis) 0.00% 0.00% 0.00%
C5/C6 ratio 0.31 0.25 0.24
Furfural/(C5+C6) * 10* 0.00 0.00 0.00

Liquid stream

C5 (%wt/wt dry matter basis) 27.8% 27.8% 27.8%
C8 (%wt/wt dry matter basis) 12.4% 12.4% 12.4%
Furfural (%wt/wt dry matter basis) 2.62% 2.62% 2.62%
C5/C6 ratio 2.24 2.24 2.24
Furfural/(C5+C6) * 10* 651.91 65191 651.91

Global process

C5 (%wt/wt dry matter basis) 15.6% 13.1% 12.7%
C6 (%wt/wt dry matter basis) 42.0% 41.9% 42.1%
Furfural (%wt/wt dry matter basis) 0.30% 0.30% 0.30%
C5/C6 ratio 0.37 0.31 0.30

Furfural/(C5+C6) * 10° 51.30 53.70 53.88




Co6 (%wv/w dry matter basis) 42.0% 41.9% 42. 1% Furfural (%w/w dry matter
basis) 0.30% 0.30% 0.30% C5/C6 ratio 0.37 0.31 0.30 Furfural/(C5+C6)* 104
51. 30 53.w0 268/83PABLE 16A - Arundo Control Testi Test2PCedaBd1Tenue Test
MATERI AL Arundo Arundo Arundo Arundo Ad4@ndo Arundo Soaki ng Tenperature ("C)
52 127 127 127 52 Time (mn) 165 155 155 155 175 Log(Ro) 3.630 3.723 3.723
3.723 3.924 Steam expl osion Tenperature (C) 6 6 4 6 6 Tine (mn) 195 200
195 195 %fg&? 75 3.723 3.399 3.575 3.575 C5 (% /w dry matter
basi s) 20/ 0% 1271%A089% 11. 0% 14. 0% 6.8% O6 (%t /w dry matter baS|s))
33. 7% 42. 5% 49. 0% 53. 5% 45. 8% 6% fur v/&rv[ ary: tter—basts

0. 0% 0. 0% ek O- 0%0 0%0 0¢ tngo ;é% %Sié ﬂg{ta‘ 2 Al ﬁ““ ﬁ 0. 13
l(:(l;t;\I ;J\rMaI P '.. ".. Uoll b; % 2: n//u f)n 1 04-2 ’)’) OOA 25 704 CB IOCCj:rS
matter bagls ""‘"e?l? 13% 18. 66% 16. 45% 20, B0% 11240% FU#F ur al 1 ;%Nt/vw52dry

matter basi s?m' " 0.953% 1. 589% 1. 706% 0. P87% 2.§8506 155 1
Log(Ro) - 3.630 3.723 3.723 3.723 3.924

Steam explosion

Temperature (°C) - 6 6 4 6 6
Time (min) - 195 200 195 195 195
Log(Ro) - 3.575 3.723 3.399 3.575 3.575
C5 (%wt/wt dry matter basis) 20.0% 12.1% 10.4% 11.0% 14.0% 6.8%
C6 (%wt/wt dry matter basis) 33.7% 42.5% 49.0% 53.5% 45.8% 51.6%
Furfural (%ewt/wt dry matter basis) 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%
C5/C6 ratio 0.521 0.28 0.21 0.20 0.31 0.13
Furfural/(C5+C6) * 10* 0.000 0.00 14.66 3.51 7.08 3.51

Liquid stream

C5 (%wt/wt dry matter basis) - 20.9% 32.2% 29.1% 22.9% 25.7%
C6 (%wt/wt dry matter basis) - 1213% 1866% 16.46% 20.60% 11.10%
Furfural (%wt/wt dry matter basis) - 0953% 1.589% 1.706% 0.737% 2.915%
C5/C6 ratio - 1.720 1.724 1.769 1.113 2.314
Furfural/(C5+C6) * 10* - 288.973 312.769 374.226 169.278 792.653

Global process

C5 (Y%wt/wt dry matter basis) - 13.2% 14.6% 15.6% 16.2% 11.8%
C6 (%wt/wt dry matter basis) - 38.5% 43.2% 44.0% 39.6% 40.8%
Furfural (%wt/wt dry matter basis) - 0126% 0375% 0.455% 0.213% 0.793%
C5/C6 ratio - 0.344 0.338 0.355 0.409 0.290

Furfural/(C5+C6) * 10* - 24337 64984 76.369  38.271 150.873




C5/C6 ratio - 1.720 1.724 1.769 1.113 2.314 Furfural/(C5+C6) * 10 - 288.973
312. 769 374.226 169.278 792.653 d obal process C5 (% /w dry matter basis)
- 13. 2% M0G%01538% 16. 2% 11. 8% C6 (% /W dry natter b&erap2010/8848% 43. 2%
44. 0% 39. 6% 40. 8% Furfural (%M /w dry4hatter basis) - 0.126% 0. 375% 0. 455%
0.213%0.793% C5/C6 ratio - 0.344 0.338 0.355 0.409 0.290 Furfural/(C5+C6)

* 104 - 24.337 64.984 76.369 38.271 150. 873TABLE 16B - Arundo Test Test7
Test 8 Teilﬁ% ?%%O Tes%i 1 MATERI AL Arundo Arundo A_rundo Arundo Ar undo
Arundo S % BEr e ("C 52 52 52 52 52 52 Tine (mn) 175 175 175

175 175 175 Log(Ro) 3.924 3. Y24.q% 9441-9,;”941%%8‘@4?“&3 4 SLERT ©F étP,FI on

ya¥ =

Tenper at Yy&ekiald) 2 26 2 2 6 ( 9 9 53> 205 2 Ro)
3.098 3. g5 ST5 309 3393’“5 96— eBndg, A, Wutp’ ArlpgS 9% 4. 3%

5.0% 6. 0% as 50 30 50448, 8%
i 8. 0% 5%)%0 o@%o 0%5%. 0%

G)

27.59% 50 IRV LCl (om /vt dry 5 s

0. 0% cadgm E’ " o. 13(0 09 0. 10y6. 8 0. 097Bur fur® / (c5H%) * 4 3.60

3 82 5 0d°RI6 5 08 4. 34 3924 3924 3924 3924 3924 3924
Steam explosion
Temperature (°C) 2 2 6 2 2 6
Time (min) 195 210 195 195 205 205
Log(Ro) 3.098 3.540 3.575 3.098 3.393 3.870
C5 (%wt/wt dry matter basis) 6.8% 4.3% 5.0% 6.0% 5.0% 4.4%
C6 (%wt/wt dry matter basis) 52.6% 47.8% 47.5% 48.8% 47.5% 50.2%
Furfural (%wt/wt dry matter basis) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
C5/C6 ratio 0.13 0.09 0.10 0.12 0.10 0.09
Furfural/(C5+C6) * 10* 3.60 3.82 5.08 3.26 5.08 4.34

Liquid stream

C5 (%wt/wt dry matter basis) 25.7% 25.7% 24.0% 24.0% 24.0% 24.0%
C6 (Y%wt/wt dry matter basis) 11.10% 11.10% 13.08% 13.08% 13.08% 13.08%
Furfural (%wt/wt dry matter basis) 2.915% 2.915% 2.328% 2.328% 2.328% 2.328%
C5/C6 ratio 2.314 2.314 1.835 1.835 1.835 1.835
Furfural/(C5+C6) * 10* 792.653 792.653 627.740 627.740 627.740 627.740

Global process

C5 (%wt/wt dry matter basis) 11.7% 10.8% 10.6% 11.3% 10.6% 10.5%
C6 (%wt/wt dry matter basis) 41.9% 36.7% 37.4% 38.3% 37.4% 38.6%
Furfural (%wt/wt dry matter basis) 0.768% 0.894% 0.703% 0.696% 0.703% 0.744%
C5/C6 ratio 0.280 0.294 0.283 0.295 0.283 0.272

Furfural/(C5+C8) * 10° 143.325 188.168 146.649 140.422 146.649 151.571




Liquid stream C5 (% /w dry matter basis) 25.7% 25. 7% 24. 0% 24. 0% 24. 0%
24.0% C6 (9% /w dry matter basis) 11.10% 11.10% 13.08% 13. 08% 13. 08%

13. 08% Fuwbunsl116t /W dry matter basis) 2.915% 2. 915%P2T3R8X0/851328%
2.328% 2. 328% C5/C6 ratio 2.314 2.314 4R 835 1.835 1.835 1.835
Furfural / (C5+C6) * 104 792.653 792. 653 627. 740 627. 740 627.740 627.740

A obal process C5 (%v/w dry matter basis) 11.7% 10.8% 10. 6% 11. 3% 10. 6%
10.5% C6 (%t /W dry nmatter basis) 4 1.9% 36. 7% 37. 4% 38. 3% 37. 4% 38. 6%
Fur f ur al Tém IRC aAFuRdR t er basis) 0.768% 0. 894% 0. 703% 0. 696% 0. 703%

0.744% C5/C6 ratio 0.280 0.2 8 95 3 F al TCB) *
104 143. 3725 188. I168 146. 649£iw]?§.:1z/261:é§§664“1%; ﬁ. Jo8113 régtw- fé[ﬁg 0 )

Test 12 T ERHFAC—Arunmdo— Arundo— Ar undo
Arundo AR Ar e 127 g7 o q i me
(nmin) 153eneppatye Ro 3.90%’3. 891

enppsat {'Ro) 32723 31723 3.
St eam expiM&IMN Terperature (00)TH 2° 2 ¥92 6 #P¥e (m

195 Loq(Ro)R3. 575 3.098 3.628 33B% 3378 3. 5783C5 34 y nex8%r
basis) 12.3% 13.2% 10. 1% 11. 4% 13. 6% 14. 1%
Steam explosion
Temperature (°C) 6 2 2 6 2 6
Time (min) 195 195 213 195 195 195
Log(Ro) 3.575 3.098 3.628 3.575 3.098 3.575
C5 (%wt/wt dry matter basis) 12.3% 13.2% 10.1% 11.4% 13.6% 14.1%
C6 (%wt/wt dry matter basis) 42.1% 36.2% 48.2% 45.4% 46.9% 45.2%
Furfural (%wt/wt dry matter basis) 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%
C5/C8 ratio 0.29 0.37 0.21 0.25 0.29 0.31
Furfural/(C5+C6) * 10 4.56 2.30 11.54 2.07 1.65 210
Liguid stream
C5 (%wt/wt dry matter basis) 24.0% 24.0% 24.0% 24.8% 24.8% 26.2%
C6 (%wt/wt dry matter basis) 15.73% 15.73% 15.73% 11.47% 11.47% 14.90%
Furfural (%wt/wt dry matter basis) 1.178% 1.178% 1.178% 1.372% 1.372% 1.501%
C5/C6 ratio 1.527 1.627 1.527 2.166 2.166 1.759
Furfural/(C5+C6) * 10* 206.352 296.352 206.352 377.872 377.872 365.159
Global process
C5 (Y%wt/wt dry matter basis) 14.9% 15.4% 13.5% 14.1% 15.9% 16.8%
C6 (%wt/wt dry matter basis) 36.2% 32.2% 40.2% 38.6% 39.7% 38.4%
Furfural (%wt/wt dry matter basis)  0.283% 0.244% 0.341% 0.284% 0.287% 0.344%
C5/C6 ratio 0.413 0.479 0.336 0.364 0.400 0.438

Furfural/(C5+C6) * 10° 55.330 51220 63585 53986 51.659 62.326




Co6 (% /w dry matter basis) 42.1% 36. 2% 48. 2% 45. 4% 46. 9% 45. 2% Fur f ur al
(%v/wt dry matter basis) 0.0%0.0%0.1%0.0%0.0%0.0%C5/C6 ratio 0.29

0. 37 0.21w0.228/0329 0. 31 Furfural /(C5+C6) * 104 4.56 2. BOTAB206402407 1. 65
2.10 Liquid streamC5 (% /wt dry matt48r basis) 24.0% 24. 0% 24. 0% 24. 8%
24.8% 26.2% C6 (9 /wt dry matter basis) 15.73% 15. 73% 15. 73% 11. 47% 11. 47%
14.90% Furfural (%uv/w dry matter basis) 1.178% 1.178% 1.178% 1. 372%
1.372% 1.501% C5/C6 ratio 1.527 1.527 1.527 2.166 2.166 1.759

Fur f ur al FABEECHD ~ ©96. 352 296. 352 296.352 377.872 377.872 365. 159

d obal process C5 (%wt/wt drys er I S)Teif Y Vorkat2 170 Fgstd20 14. 1% 15. 9%
16. 8% C6 (o /wt dry mat t er bg%%g—%fﬁ S AN S %/50315’ 7% 38. 4%

fratter—bastS)—0- 26395024490 0- ol-u."/o O 490 0. 287%

al | ( C5+CB)

Fur f ur al {7
0. 344% CSPEY : .
104 55. 33’8'“@13“2%%3 585 53 986 87 6 62. '.- Arfhdo Test 18
Test 19 TA¥P90Mest 21 Test 22 MATEHICAL Ark‘?ﬁdo A thdo AF‘Eﬁndo A'Bhdo Arundo
Soaki ng TegtRarature (0C) 187 67387 65 340Ti md.7¢r n)3.155 1687265 165 165
Log(Ro) 3.891 3.740 3.740 3.727 3.727 Steam expl osion

Steam explosion

Temperature (°C) 2 6 2 4 4
Time (min) 195 195 195 195 205
Log(Ro) 3.008 3.575 3.098 3.399 3.694
C5 (%wb/wt dry matter basis) 14.8% 11.4% 13.1% 1591% 10.80%
C6 (%wt/wt dry matter basis) 43.5% 44.9% 46.5% 44.74%  49.06%
Furfural (%wt/wt dry matter basis) 0.0% 0.0% 0.0% 0.04% 0.08%
C5/C6 ratio 0.34 0.26 0.28 0.36 0.22
Furfural/(C5+C6) * 10* 2.08 4.52 2.21 6.07 12.76

Liquid stream

C5 (%wt/wt dry matter basis) 26.2% 20.3% 20.3% 24.8% 24.8%
C6 (%wt/wt dry matter basis) 1490% 10.91% 1091% 10.64%  10.64%
Furfural (%wt/wt dry matter basis) 1.501% 0.958% 0.958% 2.187% 2.187%
C5/C6 ratio 1.759 1.862 1.862 2.335 2.335
Furfural/(C5+C6) * 10* 365.159 306.865 306.865 616.267 616.267

Global process

C5 (%wt/wt dry matter basis) 17.3% 13.4% 14.7% 17.9% 14.1%
C6 (Y%wt/wt dry matter basis) 37.4% 371% 38.3% 37.2% 40.0%
Furfural (%wt/wt dry matter basis)  0.331% 0.238% 0.232% 0.511%  0.576%
C5/C6 ratio 0.462 0.362 0.385 0.480 0.353

Furfural/(C5+C6) * 10° 60.614 47.022 43.701 92.755  106.421




Tenperature ("C) 26 2 4 4 Time (mn) 195 195 195 195 205 Log(Ro) 3.098
3.575 3.098 3.399 3.694 C5 (%M /w dry matter basis) 14.8% 11.4% 13. 1%

15. 91% 10WBQ940083129%t / Wt dry natter basis) 43.5% 44. 9% 26T8B204d/054%5 49. 06%
Furfural (%w/w dry matter basis) 0.6 0.0% 0.0% 0. 04% 0.08% C5/C6 ratio
0.34 0.26 0.28 0.36 0.22 Furfural/(C5+C6) * 104 2.08 4.52 2.21 6.07 12.76
Liquid streamC5 (%v/wt dry matter basis) 26.2% 20. 3% 20. 3% 24. 8% 24. 8% C6
(9%t /wt dry matter basis) 14.90% 10.91% 10. 91% 10. 64% 10. 64% Fur f ur al

(% / wt @?W‘tctbé’ﬁr $E‘)°°@“S‘bl% 0. 958% 0. 958% 2. 187% 2. 187% C5/ C6 rati o
1.759 1.862 1.862 2.335 2.335 Furfural/(C5+C6) * 104 365. 159 306. 865

306. 865 616. 267 616. 267 d obal process C5 (%w/w dry matter basis) 17.3%
13. 4% 14THi% firdc@iMrd 4s 1¥edCho (eashnet ther ¢fficatyt ef abgivies)pretreate®7 basyd 3m 3%
37.2% 40. 0% Fur f ural lg’/%/t/wt dry matter basis) 0.331%0.238% 0.232% 0.511%
0. 576% CHPEEA PGS W8YNE. 362 0.385 0.480 0.353 Furfural / (C5+C6) * 104

60. 614 47.022 43.701 92. 755 106. 421Enzymati ¢ hydrol ysis procedure This
procedure is used to neasure the efficacy of a given pretreatnment based on
a maxi nuihisrpryeaslure descnies e enzymatie saeahati feationbefscelwtose angiamigellulose

sacchari I:rlor%atnlat?\pe %I' p%gtlrcl,a?el,do ﬁgn&%ﬂulr(])%@ gﬁ%}nlayg % eglucose and xylose in order to
determine the maximum extent of digestibility possible (a saturating level of a
commercially available or in house produced cellulase preparation and hydrolysis times up

to one week are used).

Pretreated biomass - Biomass that has been subjected to milling, chemical treatment with
water or steam, strong or dilute acid or alkali, or other physical or chemical methods to

render the cellulose content of the material more accessible to enzymatic action.

Cellulase enzyme - an enzyme preparation exhibiting all three synergistic cellulolytic
activities: endo-1,4-B-D-glucanase, exo-1,4-B-glucosidase, or B-D-glucosidase activities,

which are present to different extents in different cellulase preparations.

The pretreated materials were used to enzymatic hydrolysis (EH) in 3-liter fermenter
(Infors HT, Labfors 3). EH was run at 7.5% solids concentration, using commercial
enzyme solution. The temperature and pH were maintained at 45°C and 5.0, stirrer was

maintained at 400 rpm.

An amount of pretreated material which composition can be summarized in solvent,
soluble solid, insoluble solid, is added to a laboratory fermenter. Solvent (water, buffer,
antibacterial solution) and catalyst solution are added to this material in order to reach a
total solid content of 7.5 %. Catalysts solution is calculated to have an activity expressed
in FPU/g cellulose of 34.

Catalyst composition is shown in the following table:



fromnative or pretreated |ignocellul osic biomss to glucose and xylose in
order to determ ne the maxi num extent of digestibility possible (a

sat urati nyol2ewel132b a commercially avail abl e or
preparation and hydrolysis tines up totsone week are used).

i n housecpnBzuneeti4cel | ul ase
Pretreated

bi omass - Biomass that has been subjected to mlling, chem cal treatnent
wth water or steam strong or dilute acid or alkali, or other physical or
chem cal _nethods to render the cellul ose content of the material nore
accessi bl & zymatic action. Cellulase enzyne - an enzyme preparation
exhi bi timg—at—threersynergrstic CEMT QI oLyt £ activiti es. endo-1, 4-

b- D- gl ucm&iﬁ?ﬁ‘ || 4. ORI Posi HE;Q,—C‘K&-b—D gl ucosiedifisectavityi vi ti ed, whi ch
are present Namdi ffefent exkents ih digférent cellulase preparationd. The
Pf etreat ecQI(hlﬁgsre%Bﬂnﬁlh)?r V\ffgfsva%ﬂ?)g O enzyppgic 1yqlocol ng/g&b&mé solidnil tler

er nent & nf or s a run tirjat i on,
usi ng com"re?%{ag?seenz me sof%?l on. hemﬁzzrrper ht & %ﬁmg%&?ﬂt}cl ned at
450C and shepicdluass of was $@font ai ngd at!-1400 | lr# An OHH( at ed
mat er i al | ewzyohcouptposi ti on0.2%n be $umdid zed| | rlO%oI \FBY g enzying prlationd| i d,

i nsol ubliegreep! i d, is addediggoea | aborat oy fefnenter. Solvent (water,

buf fer, antibactertal—sofatrion) and catal yst solution are added to this

mat eri al
sol ution

in order to reach a total
s cal.-cul a

solid content of 7.5 %

Cat al ysts

20 " ar apli SRR Bk telBdR A itk o fisR b RARE: dulaldrlinofeh oo e O

mai nt ai ngfaad sélagokiesi derate val ue by the addition of buffer solution or
t hrough base or acid solutions. An aliquot of liquid fraction is taken at
different tinme and anal yzed for sugar (gl ucose,

An aliquot of liquid fraction is taken at different time and analyzed for sugar (glucose,
xylose and cellobiose) content. The solid phase at the end of the reaction is recovered. An
aliquot of the solid phase is washed three times in 3 time volume of water at 50 °C. During
washing all the soluble fraction adsorbed on the solid is eliminated. Washed solid is then
subjected to moisture and quantitative acid hydrolysis with 72% H,SOj4 following standard
methods (NREL) to quantify its composition.

Reagents

7.1 Reagents

Sodium Azide (20 mg/ml in distilled water)

Cellulase enzyme complex of known activity, FPU/mL.
Xylanase enzyme of known of known activity, FXU/mL

Analytical determination

Raw material was subjected to moisture and extractives determination and to quantitative
acid hydrolysis with 72% H,SO, following standard methods (NREL/TP-510-42618,
NREL/TP-510-42619, NREL/TP-510-42622) The solid residue after hydrolysis was
recovered by filtration and considered as Klason lignin. Hydrolyzates were analyzed for
monosaccharides (glucose coming from cellulose; xylose and arabinose coming from

hemicelluloses) and acetic acid (coming from acetyl groups) by HPLC. Chromatographic



xyl ose and cel | obi ose) content. The solid phase at the end of the reaction
is recovered. An aliquot of the solid phase is washed three tines in 3 tine
vol ume ofweabsr11at2950 OC. During washing all the sol ubl ecrnazui/esi4edsor bed
on the solid is elimnated. Washed sol46d is then subjected to noisture and
gquantitative acid hydrolysis with 72% H2SO fol | ow ng standard net hods

(NREL) to quantify its conposition. Reagents 7.1 Reagents Sodi um Azi de (20

ng/m in distilled water) | I .ul ase enz C ex.of kngwn activjt
FPLVIL. dgjerainationafias pRefosmeg HERA 2 lok%ﬁ@m(ii%ﬁ edpiPRed Wit ampLy Wb@ﬁqe
determ OB R AR EX | A ' oSl BoftiiGorRX inhdilel )
determ 2%%#8%1 and Atr@hg%a}ﬂt)ﬂe% ?/dg%g%rﬁﬁryg}%o%lsi sﬁgvm' ?h 72% H2SO4 ?M(?FCI: oW ng
st andar d0.08mbbBHof (NpHELAcTRId {lodv 7hE6 0.6801/MiREaRdT¢alEmn tenaptsatae, 6WFEL / TP- 5

10-42622) The solid residue after hydrolysis was recovered by filtration
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Chr omat oyrigbhi cdet er mi nati on was perforned using a Di onex P680A LPG

equi pped with an ion exchange resin Biorad Am nex HPX-87A col umm under the
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analysis applied on the washed solid fraction of the stream.

Insoluble solid content of the samples was determined by following standard method

(NREL/TP-510-42627).

An aliquot of the liquid phase out of the soaking and the liquid phase accompanying the
steam explosion material was oven-dried to a constant weight to determine the content in
non-volatile solids (NREL/TP-510-42621)

Liquors were used for direct HPLC determination of monosaccharides, furfural
hydroxymethylfurfural and acetic acid. An aliquot of liquors was subjected to quantitative
acid hydrolysis with 4% (w/w) H,SO4 at 121 °C for 60 min, before HPLC analysis
(NREL/TP-510-42623). Gluco, arabino, xylo-oligosaccharides concentrations were
calculated from the increases in the concentrations of glucose, xylose and arabinose, as

analyzed by HPLC, after liquor hydrolysis (NREL method)

NREL Analytical Method

Determination of Structural Carbohydrates and Lignin in Biomass
Laboratory Analytical Procedure (LAP) Issue Date: 4/25/2008
Technical Report NREL/TP-510-42618 Revised April 2008

Determination of Extractives in Biomass



pretreatnment were assayed for conposition using the sanme nethods as for raw
mat eri al anal ysis applied on the washed solid fraction of the stream

| nsol ubl eweabiodiiareat ent of the sanpl es was det erm ned bycCfraBtoowbiigist andar d
met hod (NREL/ TP-5 10-42627). An aliquct? of the |iquid phase out of the
soaking and the liquid phase acconpanyi ng the steam expl osion material was
oven-dried to a constant weight to determne the content in non-volatile

lids (NREL/TP-5 10-42621) Li di rect HPLC det er i nat |
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Determination of Ash in Biomass
Laboratory Analytical Procedure (LAP) Issue Date: 7/17/2005
Technical Report NREL/TP-510-42622 January 2008

Determination of Sugars, Byproducts, and Degradation Products in Liquid Fraction
Process Samples

Laboratory Analytical Procedure (LAP) Issue Date: 12/08/2006
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NREL/TP-510-42627 March 2008



Process Sanpl es Laboratory Anal ytical Procedure (LAP) |ssue Date: 3/31/2008
Techni cal Report NREL/ TP-5 10-42621 Revi sed March 2008 Determ nation of Ash
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Techni cal Report NREL/ TP-5 10-42622 Jar8ary 2008 Determ nation of Sugars,
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process for the treatnent of |igno-cellul osic bionass conprising the steps
of A) Sowkddlgma | i gno-cellul osic bionass feedstock in vapor or liquid water
or mxture thereof in the tenperature range of 100 to 2100C for 1 mnute to
24 hours to create a soaked biomass containing a dry content and a first

liquid; B) Separatds@ebrahe tr@amentoMighbicelluledic bivendss cahpridifgitd stepett he
soaked bionmass to create a first liquid streamand a first solid stream
wherein the first solid stream conprises the soaked bi omass; C) Steam

expl oding the firs alid re . Cil . Sf:
conpri sing s OlAif) ds gﬂ%ugg e@%’r? d@e{fl}]%)gllc dl!';lgﬂltags ReddtEAME YRR Aigilid SRfRr or
mixture thereof in the temperature range of 100 to 210°C for 1 minute to 24 hours to create

a soaked biomass containing a dry content and a first liquid;

B) Separating at least a portion of the first liquid from the soaked biomass to
create a first liquid stream and a first solid stream; wherein the first solid stream comprises

the soaked biomass;

©) Steam exploding the first solid stream to create a steam exploded stream

comprising solids and a second liquid.

2. The process according to claim 1, wherein at least some of the second liquid in the
steam exploded stream is separated from the steam exploded stream to create a second

liquid stream.

3. The process according to any of claims 1 and 2 wherein the soaking step A is done

in a temperature range of 140 to 210°C for 1 minute to 16 hours.

4. The process according to any of claims 1 through 3 wherein the soaking step A is
preceded by a low temperature soaking step wherein the ligno-cellulosic biomass is soaked
in liquid comprised of water at a temperature in the range of 25 to 100°C for 1 minute to
24 hours and the low temperature soaking step is followed by a separation step to separate

a least a portion of the liquid from the low temperature soak.



2. The process according to claim1l1, wherein at |east some of the second
liquid in the steam expl oded streamis separated fromthe steam expl oded
stream t owoneswa3ggsecond liquid stream 3. The processPataBridd/ng4t20 any of
claims 1 and 2 wherein the soaking stef® A is done in a tenperature range of
140 to 210C for 1 mnute to 16 hours. 4. The process according to any of
clains 1 through 3 wherein the soaking step Ais preceded by a | ow

| T qui o chmpTisawaaih wepRlng 07 aiparatl onnet e Tagh BF B0 SUBRET o, "y
m nut e F&o&%gfél@t&a@aqﬂ stelh Y diRERANAH difdf8 SakiraDfioane gfoupabhdubk afy a

separation s 0 separ east a portiron of the liquid fromthe | ow

t enper at Unginste ak 6 hourhk npnuie 654 howrs.candi Inginuts tadyhayrs.cl ai ns 1 t hrough 4,
wherein the ligno-cellulosic biomass is soaked in step Afor atinme within
a range selected fromthe group consisting of 1 mnute to 6 hours, 1 mnute

to 4 hougs, TROGrdeed AoRdihY 18 49UsBclafins Thiirqugh ok swhaeinothdi lignotcellatpicof
clains 1 through 4, wherein the |igno-cellulosic bionasi is soaked in step
A for a biommssstsoakedtinstepah f adima withinthe range af hgupwe o4 hejs: pr ocess
according to any of clainms 1 through 4, wherein the |ligno-cellulosic

bi omass is soaked in step Afor atime within the range of 1 mnute to 3
hours. 87 TirRe Prowes ac@tdiapdvngyt of alimofl thraighsd, whéreutiie Ugnontadlubdsic t he

| i gno-cellulosic biomass is soaked in, Stiaep A f?r atine \(I\{lét hin the range of
1m nut e bionmss isswake ingtepyh o time within the rangs 9T { SBHS 12 BOPi s 1 t hr ough
4, wherein the ligno-cellulosic bionmass is soaked in step Afor a tine
within the range of 1 minute to 2.0 hours. 10. The process of any of clains
1 througls. 9Thehrosiss acbedipgonearsy obhims dsthroughf 4r whereins thepligno-edllesit ng at

st Ao ol G b B b ' iRl 5 Tl 2 [ east 2

9. The process according to any of claims 1 through 4, wherein the ligno-cellulosic

biomass is soaked in step A for a time within the range of 1 minute to 2.0 hours.

10. The process of any of claims 1 through 9, wherein the process comprises the further
step of combining at least a portion of the liquid of the first liquid stream with at least a

portion of the steam exploded stream.

11. The process of any of claims 4 through 10, wherein the steam exploded stream is

washed with at least a third liquid to create a third liquid stream.

12.  The process of any of claims 1 through 11, wherein the first liquid stream is
purified to create a first purified liquid stream prior to combining the first liquid stream

with at least a portion of the steam exploded stream.

13.  The process of any of claims 11 through 12, wherein the third liquid stream is

purified and then combined with at least a portion of the steam exploded stream.

14.  The process of any of claims 1 through 13, wherein the separation of the liquid

from the soaked biomass is done by pressing the soaked biomass.



11. The process of any of clainms 4 through 10, wherein the steam expl oded
streamis washed with at least a third liquid to create a third liquid
stream IO 20tvet1pr2ocess of any of clains 1 through 11, waEnB2mo/bii@1fir st
liquid streamis purified to create aS0irst purified liquid streamprior to
conbining the first liquid streamwith at | east a portion of the steam

expl oded stream 13. The process of any of clains 11 through 12, wherein

oo . AT i 1A R EE  d BEA,
t hr ough ﬂ@lidwgfiiﬂén@%gﬁgﬁgg“ on of the liquid fromthe soaked bionmass is
p e soake

done by essing t omass. 15. The process of any of clains 12
t hrough 14, wherein the purification of the first liquid streamis done by

flashing, 16._The process.of _claim erein the.flashing is don i t hout
reduci nglqhe_ PheRwgess ogfﬁ‘t“ﬂel 5 Wﬁ%‘?lnlltlgﬁ g\igg“% 'rséi_gﬂ? Pt gﬁr{ﬁ%‘ﬁ% ﬁ‘g Pg?sg‘é’lgu_r e
before fLARRiRG lighit strkaf tBhREEPRerit préfiirlefslediabBing> t hrough 16, wherein
the flashing is gone at the pressure of the first ITiquid streamat the end

of separating the first liquid fromthe soaked bi omass. 18. The process of

any of clainms 13 throu 17 er el 0, Ol / I ified
by st eami‘z'tri Sé? R@qcei%.gpﬂ“?’eb{)\é\% Sslgélérgg%lf/?g’f&g gilnqrr@%%%lhgggghﬁigwﬂv%erei n
the puri bieghré of fe firstllifnild Stregnaat the endrdfisepdating thetfirst lipid fdnl thguwbakeslt r eam
prior to purifying the second liquid stream 20. The process of any of

clai s 1BiomsHugh 19, wherein the third liquid streamis purified by steam
stripping. 21. The process of any of clains 13 through 20, wherein the
first liquid stream the second liquid streamand the third liquid stream
are purifged Thgekdvess of any of claims 13 through 17, wherein the second liquid stream is

purified by steam stripping.

19.  The process of any of claims 13 through 18, wherein the purified first liquid stream

is combined with the second liquid stream prior to purifying the second liquid stream.

20.  The process of any of claims 13 through 19, wherein the third liquid stream is
purified by steam stripping.

21.  The process of any of claims 13 through 20, wherein the first liquid stream, the

second liquid stream and the third liquid stream are purified together.
22.  The process of claim 21, where the purification is steam stripping.

23.  The process of any of claims 18, 20 and 22, wherein the steam stripping is followed

by treatment with activated charcoal.

24.  The process of any of claims 18, 20, 22, and 23, wherein the purified stream is

concentrated to remove water.

25.  The process of any of claims 18, 20, 22, 23, and 24 wherein the first purified stream

is combined with the second liquid stream prior to purification of the second liquid stream.



22. The process of claim2 1, where the purification is steam stri pping.

23. The process of any of clains 18, 20 and 22, wherein the steam stri pping
i s foll owso 2bw/t82at ment with activated charcoal. 24. TireTpBma@sd4f any of
clainms 18, 20, 22, and 23, wherein th&lpurified streamis concentrated to
remove water. 25. The process of any of clains 18, 20, 22, 23, and 24
wherein the first purified streami s conbi ned with the second liquid stream

prior to urification of the seco tream 26, . The. roc any of
claims 22&hr OE%P@&CSS\%@F%P clapys ot #ff éelmﬁogihel%‘é g ¥l %8?? Tn of

the steam %f‘tRJnog %t r@hxﬁ aﬁ ?’%ﬂ%alﬁff{rgrdoﬂé aneAat 1AsPR PortRth ©f thd1Gtesheam
expl oded trean1 een rolyzed . A conposition of ligno-cellulosic
bi onass equhtpﬂdds»tmgnélasbéend;ydwlyzedw d, furfural, an amount of C5's based
upon the anmount of arabinan and xylan and the nononers, dinmers, oligoners
and polyners of arabinose and xylose in the liquid and solid of the

conposi tHPN.A EmpoRtcH o%g@c&h@@s’f@&oﬁﬁ@@ cbiifrighi @ 01i6 08 1igaid, \Rivifedal, ianc| udes
t he nononers, diners, oligonmers and polyners of glucan in the liquid and
sol i d of ambentedGfos basedmpan thentraewsit of arabinaatand xyfantand thermenemers, GBNASt o t he

f..Co' f
Furtur ar O ety tesbingle 305 bt RaBlo A SoRIBH e < ?I“é’éaﬁﬂn
0. 0060. 28amblist mﬁﬁ’daﬁd o2 thé lghicah 2dnteitwlich ﬁndliit&s rthé nonofmessdimérs,of t he

furfural to the anount of s and C6' s added to together .is |ess, than
0.0050. olgomers apdppbymers ehelyearcinathelinpid andesolip pfthecorapgsifion: andywhereings ¢ he
furfural HOM M un (o @ t 1

0. 0040. g%.qaﬁ‘ggfconpom ?gﬁgosﬁo?lqglm of esgleS I%S?Q&eéggfg&mel%ﬂglﬁ?&gf t he
furfural amourthef theofupfura)fto Ghe anmuedt 66'CS’ adnke €6 © addegetohtoigethsr lise fess ttiwan

0. 0030. 0.0060.

28.  The composition of claim 27, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.0050.

29.  The composition of claim 27, wherein the ratio of amount of the furfural to the
amount of C5’s and C6’s added to together is less than 0.0040.

30.  The composition of claim 27, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.0030.

31.  The composition of claim 27, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.0020.

32.  The composition of claim 27, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.0010.

33. The composition of claim 27, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.0009.



31. The conposition of claim27, wherein the ratio of anpunt of the
furfural to the anbunt of C5's and C6's added to together is |ess than

0. 0020. 3x020tver1saposi tion of claim 27, wherein the ratrco/iBioientut of the
furfural to the anbunt of C5's and C6'® added to together is |less than

0. 0010. 33. The conposition of claim 27, wherein the ratio of anmount of the
furfural to the anobunt of C5's and 06' s added to together is |ess than

0. 0009. 34 The conp05|t|on of | ai hr ough 33,

rati o of34-he AhoeHEPesitiansfany 8?P theuedy thgref%‘%%%téo ?fﬁ@ﬁ a’fﬁloﬂﬁto 35.

The conpe§%§bgm3££mﬂ@8f@gngﬁkgﬁmg54though 34, wherein the anmobunt of the

solids in"the conposition are in the range of 11 to 99% by wei ght of the
conposi tion. 36. The conposition of any of clains 27 through 34, wherein

t he anmou of .fhe soli.ds i the np i 0 range, 99%

by et gheof . ThoCoBRSsh iy G Aama” cbinbi s whitgm ey RoRt fimd dold

t hrough ?rﬂthe\@&?tgédmoﬂmlﬁméq&t lef1t1h89§%|B}dt$elgHt dtfige @@m&tdm on are in the

range of 16 to 99% by wei ght % he conposition. 38. The conposition of any

of clainms 27 through 34, whereln the anount of the solids in the

conposi tipn in the,. raneo i n.
The, compei ¢ Bl sPmbg T oL I AGrATRRGEN 7 HHeinGhe WiBUROTIAS SbHAT,

sol i ds |IhﬁhB@o§19tmﬁ§ﬁ ﬁﬂeQﬂtIfbrtﬁngdbﬂlh&oDamwélgHtdfth@c&ﬁﬁésﬁl)bmvel ght of the
conposi tion. 40. The conposition of any of clains 27 through 34, wherein

t he amount of the solids in the conposition are in the range of 24 to 99%
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t hr ough wher ern € anou e conposition are I1n the

range of 1r21ﬁet:0m98%1bxyamﬁhgtbtramge¢ﬂ1€6 to@ﬁ%olwWexghtofétﬁe cdihposmtmmo& tion of any
of clainms 27 through 34, wherein the anobunt of the solids in the
conposition are in the range of 29 to 99% by wei ght of the conposition.

38.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 19 to 99% by weight of the composition.

39.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 21 to 99% by weight of the composition.

40.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 24 to 99% by weight of the composition.

41.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 26 to 99% by weight of the composition.

42.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 29 to 99% by weight of the composition.

43.  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 31 to 99% by weight of the composition.

44,  The composition of any of claims 27 through 34, wherein the amount of the solids

in the composition are in the range of 36 to 99% by weight of the composition.



43. The conposition of any of clains 27 through 34, wherein the anmount of
the solids in the conposition are in the range of 3 1 to 99% by wei ght of

t he conposDoovLI3kd. The conposition of any of clains 2PCrhBzughs131R,
wherein the anount of the solids in th conposition are in the range of 36
to 99% by wei ght of the conposition.45. The conposition of any of clains 27
t hrough 34, wherein the anount of the solids in the conposition are in the

range of 4 1 to 99% by wei ght of the copposition. 46.. The co iti.on of
any of c#ai msThecempesitign @%“Y\Mféllaéﬁnﬁ 2t7ﬁg‘:% %gf‘rtwg?re@ﬁge ageppiotithe pofids

conposi t§,qge %IﬁP&ﬁ@t‘i&hﬁe rir?ffﬁg?%iog 4tt1) Q0 859 0w ABhHHthOLorhPiRitfTPOSI ti on. 47.

A conposition o gno-ce i omass “conprising a conprising a solid,
a liquid, furfural, an anmount of C5's based upon the anount of arabinan and

| an and t he noners, dimers,. ol.i o]l yner,s of arahi.nose.and
i% ose i %61 he ?&‘EFPBOSEWH‘ I%‘g"SWZ‘_’f a‘ﬁgﬁhﬁﬁgﬂgﬁf ‘Biﬁ, e‘é’ﬁﬁ%ﬁﬂ’ﬁﬁ?t %ft_ﬂ?%&g%based
upon t hejnahdeafip 1_1?51%if{‘ﬂie_(‘rﬂngerdf|3l&6%§‘%ll$%wo OSRRE corflpéiitich. ol i goners and

pol ymers of glucan in the liquid and soli t he conposition wherein the
ratio of the anount of C5's to the anpbunt of C6's is greater than 0.50 and

the ratig,of ampunt of the . furfural .tq.the a = ' : - §:qadded to
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together is less than 0.08. 49. The conposjtion of claimA47, wherein, the
ratio of MeRBWAES, imarnelizamerras polyraare oRwsbinpscomdceylasem theinuid andislic o
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0.50 and the ratio of amount of the furfural to the amount of C5’s and C6’s added to
together is less than 0.09.

48.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.08.

49.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.07.

50.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.06.

51.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.05.

52.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.04.

53.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.03.



52. The conposition of claim47, wherein the ratio of anpbunt of the
furfural to the anbunt of C5's and C6's added to together is |ess than

0. 04. 53.wOheiocadpesi ti on of claim47, wherein the rati @CofiBzimewositi2of t he
furfural to the anbunt of C5's and C6'® added to together is |ess than
0.03.54. The conposition of claim47, wherein the ratio of anount of the
furfural to the anbunt of C5's and C6's added to toget her is | ess t han

0.02. 55. The conposition of clajm47, . rein t at i a f the
furfural3to thee syppesition obslaym £y Whgrein Eadlot ﬁ’grt gmggufs]ot

0.01. 56,0, T4 (FREROSIEY fé’%ed%%r%\}fglsl\éQQBaﬁi@Oi.he ratio of amunt of the

furfural anflo he anoun s added to together is |less than
0.006. 57. The conposition of claim47, wherein the ratio of am)unt of the

furfural _tot anmount, .of 'S a ‘s _adde her t han
0" 008, 585" Tribhe, SrpBeTe AT gl s atpssin SffeRtior % 4Rt A gt kil BT (e
furfural aﬁaauﬂt'b%c%"@mtw%a&&d&o%ﬁé&@@xﬂe@dﬂ&dooo together is Iess than
0.004. 59. The conposition of claim47, wherein the ratio of anpunt of the

furfural to the anpunt of C5's and C6's added to together is |ess than

0.003. 6 Th | ai m.47.. f h
9?.0 tﬁg %}Bml 1'9#’%&% aéI(I:la g ema de oott%lﬁoe tdfC{thuMngh the

furfural her 1s less

0.002. 6imodmt&fCHIPas C6'eadddd tolicgethet Ts ey @iEe0.006.ne rati o of anmount of t he
furfural to the anbunt of C5's and C6's added to together is |ess than

0.001. 62. The conposition of any of clains 47 through 61, wherein the
amunt oy theTﬁQ'chl§| obifloh 3% gglmﬁg'&ﬁe%f%ﬁ@atm, Enb@RAE A fckutap 19 B6 bY

wei ght of the co osition of any of clalnms 47 through
61, wher amnuﬁthﬁ(wmmC&’fs aﬂ&&it@dbgaﬂlserumle*sdlhamﬁﬂﬁﬁm tion are in the range of
14 to 99% by wei ght of the conposition.

58.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.004.

59.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.003.

60.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.002.

61.  The composition of claim 47, wherein the ratio of amount of the furfural to the

amount of C5’s and C6’s added to together is less than 0.001.

62.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 11 to 99% by weight of the composition.

63.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 14 to 99% by weight of the composition.

64.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 16 to 99% by weight of the composition.



64. The conposition of any of clainms 47 through 61, wherein the anount of
the solids in the conposition are in the range of 16 to 99% by wei ght of

t he conposD2VIMLIBRY The conposition of any of clains 47pChAB2ghod112 wherein
t he amount of the solids in the conposi5stion are in the range of 19 to 99%
by wei ght of the conposition. 66. The conposition of any of clains 47

t hrough 61, wherein the amount of the solids in the conposition are in the

f 21 to 99%b i ght of .th ition. 67..Th it f
e O 2 L S i et 48R e S BB FAITRER: R ©
conposi t fnocﬂ%- %ﬁp&%i"ti&hfre E@H%ﬁgfg%&‘i 940 999 %6y0Vei Bkl (Fihe &mpdiRionoNPOSi tion. 68.

The conpositron of any o 47 through 671, wherein the anount of the
solids in the conposition are in the range of 26 to 99% by wei ght of the

ition. 69. Th it f f clains 47 th i
Che oot Thicompesaal sharbrd it ad ek S TRereihe AR Gihe SORECG 0o,
by wei ghf, | S\gﬁﬁoé}f%’ﬂ)%iiﬁ tRangebf 2118 999 ROwEightsT thé canpositforc| ai ms 47

t hrough 61, ereln the amount of the solids In the conposition are in the
range of 3 1 to 99% by wei ght of the conposition. 71. The conposition of

any of clainms. 47 through 6 el t I i

composi ¢ Pon anoé ehprdon, ALamp 4 ind #7dBuRER 6F, wibret e BchiSof Be kORs
The conpgsthkicempditiemireqh tid rahgFofDA tb OvLghweight ofthe edmpdsittoramount of t he
solids in the conposition are In the range of 4 1 to 99% by wei ght of the
conposition. 73. The conposition of any of clains 47 through 72, wherein
the rati ggof . ' , tﬂf[ﬂ!;éﬂ 0 iSthe Sfu 1.0.
74. The g%‘npo;qﬁ icwgg{lgﬁéf@ @g%&h@*ﬂ% otl?éhtvpg,én{sf\%%rel nﬁt i:dhf tas??(gs of

t he anmouit thefcofdpositibo atelin tiemangd off6 t689% by weightivfthe tbraposttiéh. 75. The
conposition of any of clainms 47 through 72, wherein the ratio of the anount
of C5's to the anmobunt of C6's is greater than 3.0.76. The conposition of

any of ckai M The chpBsfbn 52anyBEISinlk 47 Brddhi A, hefchiftham@iduht 6f the solids

in the composition are in the range of 29 to 99% by weight of the composition.

70.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 31 to 99% by weight of the composition.

71.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 36 to 99% by weight of the composition.

72.  The composition of any of claims 47 through 61, wherein the amount of the solids

in the composition are in the range of 41 to 99% by weight of the composition.

73.  The composition of any of claims 47 through 72, wherein the ratio of the amount of

'C5’s to the amount of C6s is greater than 1.0.

74.  The composition of any of claims 47 through 72, wherein the ratio of the amount of

C5’s to the amount of C6’s is greater than 2.0.

75.  The composition of any of claims 47 through 72, wherein the ratio of the amount of

C5’s to the amount of C6’s is greater than 3.0.



C5's to the amount of C6's is greater than 4.0. 77. The conposition of any
of claims 47 through 72, wherein the anount of the solids in the
conposi t iwo 2aree118129t he range of 3 to 85% by wei ght of treTaBIMEBIi2ON.
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76.  The composition of any of claims 47 through 72, wherein the ratio of the amount of

C5’s to the amount of C6’s is greater than 4.0.

77.  The composition of any of claims 47 through 72, wherein the amount of the solids

in the composition are in the range of 3 to 85% by weight of the composition.



