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SYSTEM FOR TREATMENT OF BIOMASS
TO FACILITATE THE PRODUCTION OF ETHANOL.

CROSS-REFERENCE TORELATED APPLICATIONS
[0001] This application claims the benefit of U,S. Provisional Application Serial
Number 61/315,833, filed March 19, 2010, and entitled “SYSTEM FOR TREATMENT
OF BIOMASS TO FACILITATE THE PRODUCTION OF ETHANOL (ENZYME
HYDROLYSIS OF C6+C35 STREAM)”.

FIELD _
[0002] The present invention relates to a system for treatment of biomass in the
production of ethancl. The present invention also relates to a systemn for treatment of

biomass to make sugars available for fermentation to facilitate the efficient production of

ethanol,
BACKGROUND
[0003] Ethanol can be produced from grain-based feedstocks (e.g., cormn,

sorghum/milo, barley, wheat, soybeans, etc.), from.sugar (e.g., sugar cane, sugar beets,
etc.), and from biomass (e.g., from lignocellulosic feedstocks such as switchgrass, corn
cobs and stover, wood, or other plant material).

[0604] Biomass comprises plant matter that can be suitable for direct use as a
fuel/energy source or as a feedstock for processing into another bioproduct (e.g., a biofuel
such as cellulosic ethanol) produced at a biorefinery (such as an ethanol plant). Biomass
may comprise, for example, corn cobs and stover (e.g., stalks and leaves) made available
during or after harvesting of the corn kernels, fiber from the corn kernel, switchgrass, farm
or agricultural residue, wood chips or other wood waste, and other plant matter (grown for
processing into bioproducts or for other purposes). In order to be used or processed,
biomass will be harvested and collected from the field and transported to the location
where it is to be used or processed.

[6005] In a conventional cthanol plant producing ethanol from corn, ethanol is
produced from starch. Corn kernels are cleaned and milled to prepare starch-containing

material for processing. (Corn kernels can also be fractionated to separate the starch-
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containing material (e.g., endosperm) from other matter (e.g., fiber and germ).) The
starch-containing material is slurried with water and liquefied to facilitate saccharification
where the starch is converted into sugar (e.g., glucose) and fermentation where the sugar is
converted by an ethanologen (e.g.. yeast) into ethanol. The product of fermentation is
beer, which comprises a liquid component containing ethanol and water and soluble
components, and a solids component containing unfermented particulate matter among
other things. The fermentation product is sent to a distillation system. In the distillation
system, the fermentation product is distilled and dehydrated into ethanol. The residual
matter (e.g., whole stillage) comprises water, soluble components, oil, and unfermented
solids (i.e., the solids component of the beer with substantially all ethanol removed that
can be dried into dried distillers grains (DDG) and sold as an animal feed product). Other
co-products such as syrup and oil contained in the syrup can also be recovered from the
stillage. Water removed from the fermentation product in distillation can be treated for re-
use at the plant.

[0006] In a biorefinery configured to produce ethanol from biomass, ethanol is
produced from lignocellulosic material. Lignocellulosic biomass typically comprises
cellulose, hemicellulose, and lignin. Cellulose (a type of glucan) is a polysaccharide
comprising hexose (C6) sugar monomers such as glucose linked in linear chains.
Hemicellulose is a branched chain polysaccharide that may comprise several different
pentose (C5) sugar monomers (e.g., xylose and arabinose) and small amounts of hexose
(C6) sugar monomers (e.g., mannose, galactose, rhamnose, and glucose) in branched
chains.

[0007] The biomass is prepared so that sugars in the lignocellulosic material (such
as glucose from the cellulose and xylose from the hemicellulose) can be made accessible
and fermented into a fermentation product from which ethanol can be recovered. After
fermentation, the fermentation product is sent to the distillation system, where the ethanol
is recovered by distillation and dehydration. Other bioproducts such as lignin and organic
acids may also be recovered as byproducts or co-products during the processing of
biomass into ethanol. Determination of how to more efficiently prepare and treat the
biomass for production into ethanol will depend upon the source and type or composition
of the biomass. Biomass of different types or from different sources is likely to vary in

properties and composition (e.g., relative amounts of cellulose, hemicellulose, lignin, and
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other components). For example, the composition of wood chips will differ from the
composition of corn cobs or switchgrass.

[0008] It would be advantageous to provide for a system for treatment of biomass
to facilitate the production of ethanol. It would also be advantageous to provide for
enzyme hydrolysis of C6 and C5 stream. It would further be advantageous to provide for a
method for treating biomass to be supplied to a fermentation system for the production of a
fermentation product. It would further be advantageous to provide for a system that
provides one or more features to facilitate improvement in the efficiency and yield of

cellulosic ethanol from biomass.

SUMMARY
[0009] The present invention relates to a method for treating biomass to be
supplied to a fermentation system for the production of a fermentation product. The
method comprises the steps of pre-treating the biomass into pre-treated biomass;
separating the pre-treated biomass into a first component comprising glucan and a second
component comprising sugars; providing a combined component comprising at least a
portion of the first component and at least a portion of the second component; and treating
the combined component of the pre-treated biomass into a treated component comprising
glucose by application of an enzyme formulation. The biomass comprises lignocellulosic
material; the lignocellulosic material comprises at least one of corn cobs, corn plant husks,
corn plant leaves, and corn plant stalks. The enzyme formulation comprises a cellulase
enzyme. The treated component comprises about 2% to about 15% glucose by weight.
[0010] The present invention also relates to a system for treating biomass to be
supplied to a fermentation system for the production of a fermentation product. The
system comprises an apparatus configured to pre-treat the biomass into pre-treated
biomass; a separator configured to separate the pre-treated biomass into a first component
comprising glucan and a second component comprising sugars; and a vessel configured to
contain a combined component comprising at least a portion of the first component and at
least a portion of the second component and to be supplied with an enzyme formulation so
that a treated component comprising glucose can be created by enzyme hydrolysis of the
combined component. The biomass comprises lignocellulosic material; the lignocellulosic
material comprises at least one of corn cobs, corn plant husks, corn plant leaves, and corn

plant stalks.
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[0010a] According to one aspect of the present invention, there is provided a method
for treating biomass to be supplied to a fermentation system for production of a fermentation
product comprising the steps of: pre-treating the biomass into pre-treated biomass; separating
the pre-treated biomass into a first component comprising glucan and a second component
comprising glucan and sugars; steam exploding the first component; providing a combined
component comprising at least a portion of the steam exploded first component and at least a
portion of the second component; treating the combined component of the pre-treated biomass
into a treated component comprising glucose by application of an enzyme formulation,
wherein the treated component comprises 2% to 15% glucose by weight; and wherein the
biomass comprises lignocellulosic material comprising at least one of corn cobs, corn plant

husks, corn plant leaves, and corn plant stalks.

[0010b] According to another aspect of the present invention, there is provided a
system for treating biomass to be supplied to a fermentation system for production of a
fermentation product comprising: an apparatus configured to pre-treat the biomass into pre-
treated biomass; a separator in fluid communication with the apparatus, wherein the separator
is configured to separate the pre-treated biomass into a first component comprising glucan and
a second component comprising sugars and glucan; a steam explosion device in fluid
communication with the separator to receive the first component, wherein the steam explosion
device is configured to subject the first component to steam explosion; a vessel in fluid
communication with the separator and the steam explosion device, wherein the vessel is
configured to contain a combined component comprising at least a portion of the steam
exploded first component and at least a portion of the second component and to be supplied
with an enzyme formulation so that a treated component comprising glucose can be created by
enzyme hydrolysis of the combined component; wherein the biomass comprises
lignocellulosic material; and wherein the lignocellulosic material comprises at least one of

corn cobs, corn plant husks, corn plant leaves, and corn.

[0010c¢] According to still another aspect of the present invention, there is provided a
method for treating biomass to be supplied to a fermentation system for production of a

fermentation product comprising the steps of: pre-treating the biomass into pre-treated

3a
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biomass comprising glucan and sugars; treating the pre-treated biomass into a treated
component comprising glucose by application of an enzyme formulation, wherein the treated

component comprises a hydrolysate; and treating the hydrolysate to increase a concentration

of the sugars prior to a fermentation step.

3b

CA 2795503 2018-07-23



CA 02795503 2012-10-04
WO 2011/116320 PCT/US2011/029050

DESCRIPTION OF THE DRAWINGS

[0011] FIGURE 1A is a perspective view of a biorefinery comprising a cellulosic
ethanol production facility, in accordance with some embodiment.

[0012] FIGURE 1B is a perspective view of a biorefinery comprising a cellulosic
ethanol production facility and a corn-based ethanol production facility, in accordance
with some embodiment.

[0013] FIGURE 2 is a schematic diagram of a system for receipt and preparation
of biomass for a cellulosic ethanol production facility, in accordance with some
embodiments.

[0014] FIGURE 3 is a schematic block diagram of a system for the production of
ethanol from biomass, in accordance with some embodiments.

[0015] FIGURES 4A and 4B are schematic block diagrams of systems for
treatment and processing of components from the production of ethanol from biomass, in
accordance with some embodiments.

[0016] FIGURE 5 is a schematic diagram of the process flow for systems for the
production of ethanol from biomass, in accordance with some embodiments.

[0017] FIGURE 6A is a schematic block diagram of an apparatus used for
preparation, pre-treatment, and separation of biomass, in accordance with some
embodiments.

[0018] FIGURE 6B is a perspective view of an apparatus used to pre-treat and
separate the biomass, in accordance with some embodiments.

[0019] FIGURE 7 is a schematic diagram of a process flow for separation of pre-
treated biomass according to an exemplary embodiment, in accordance with some
embodiments.

[0020] FIGURE 8§ is a schematic diagram of a treatment system for a component of
pre-treated biomass according to an exemplary embodiment.

[0021] FIGURES 9A through 9C are schematic diagrams of a fermentation system
for pre-treated biomass according to exemplary embodiments.

[0022] FIGURE 10 is a schematic diagram of a process flow for pre-treatment and
fermentation of biomass into a fermentation product according to an exemplary

embodiment.
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[0023] FIGURE 11 is a schematic diagram of a system for treatment of pre-treated
biomass by enzyme hydrolysis according to an exemplary embodiment.

[0024] FIGURE 12 is an example flowchart for a method of processing biomass
for ethanol according to some embodiments.

[0025] FIGURES 13A through 13E are graphs of data/results from the use of the
system according to exemplary embodiments.

[0026] TABLES 1A and 1B list the composition of biomass comprising
lignocellulosic plant material from the corn plant according to exemplary and
representative embodiments.

[0027] TABLES 2A and 2B list the composition of the liquid component of pre-
treated biomass according to exemplary and representative embodiments.

[0028] TABLES 3A and 3B list the composition of the solids component of pre-
treated biomass according to exemplary and representative embodiments.

[0029] TABLES 4A through 4C and 5A though 5C show operating conditions and

data/results from the use of the system according to exemplary embodiments.

DETAILED DESCRIPTION
[0030] Referring to FIGURE 1A, a biorefinery configured to produce ethanol from
biomass is shown at 100.
[0031] According to an exemplary embodiment, the biorefinery 100 is configured

to produce ethanol from biomass in the form of a lignocellulosic feedstock such as plant
material from the corn plant (e.g., corn cobs and corn stover). Lignocellulosic feedstock
such as lignocellulosic material from the corn plant comprises cellulose (from which C6
sugars such as glucose can be made available) and/or hemicellulose (from which C5
sugars such as xylose and arabinose can be made available).

[0032] As shown in FIGURE 1A, the biorefinery comprises an area where biomass
is delivered 102 and prepared to be supplied to the cellulosic ethanol production facility
100. The cellulosic ethanol production facility 100 comprises apparatus for preparation,
pre-treatment and treatment of the biomass 104 into treated biomass suitable for
fermentation into fermentation product in a fermentation system 106. The facility
comprises a distillation system 108 in which the fermentation product is distilled and

dehydrated into ethanol. As shown in FIGURE 1A, the biorefinery may also comprise a
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waste treatment system 110 (shown as comprising an anaerobic digester and a generator).
According to other alternative embodiments, the waste treatment system may comprise
other equipment configured to treat, process and recover components from the cellulosic
ethanol production process, such as a solid/waste fuel boiler, anaerobic digester, aerobic
digester or other biochemical or chemical reactors.

[0033] As shown in FIGURE 1B at 112, according to an exemplary embodiment, a
biorefinery may comprise a cellulosic ethanol production facility 114 (which produces
ethanol from lignocellulosic material and components of the corn plant) co-located with a
corn-based ethanol production facility 116 (which produces ethanol from starch contained
in the endosperm component of the corn kernel). As indicated in FIGURE 1B, by co-
locating the two ethanol production facilities, certain plant systems may be shared, for
example, systems for dehydration, storage, denaturing and transportation of ethanol,
energy/fuel-to-energy generation systems, plant management and control systems, and
other systems. Corn fiber (a component of the corn kernel), which can be made available
when the corn kernel is prepared for milling (e.g., by fractionation) in the corn-based
ethanol production facility, may be supplied to the cellulosic ethanol production facility as
a feedstock. Fuel or energy sources such as methane or lignin from the cellulosic ethanol
production facility may be used to supply power to either or both co-located facilities.
According to other alternative embodiments, a biorefinery (e.g., a cellulosic ethanol
production facility) may be co-located with other types of plants and facilities, for example
an electric power plant, a waste treatment facility, a lumber mill, a paper plant or a facility
that processes agricultural products.

[0034] Referring to FIGURE 2, a system for preparation of biomass delivered to
the biorefinery is shown at 200. The biomass preparation system may comprise apparatus
for receipt/unloading of the biomass, cleaning (i.e., removal of foreign matter), grinding
(i.e., milling, reduction or densification), and transport and conveyance for processing at
the plant. According to an exemplary embodiment, biomass in the form of corn cobs and
stover may be delivered to the biorefinery and stored at a storage location 202 (e.g., in
bales, piles, or bins, etc.) and managed for use at the facility. According to an
embodiment, the biomass may comprise at least about 20% to about 30% corn cobs by
weight with corn stover and other matter. According to other exemplary embodiments, a

preparation system 204 of the biorefinery may be configured to prepare any of a wide
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variety of types of biomass (i.e., plant material) for treatment and processing into ethanol
and other bioproducts at the plant.

[0035] Referring to FIGURE 3, a schematic flow diagram of a cellulosic ethanol
production facility is shown. According to an embodiment, biomass comprising plant
material from the corn plant is prepared and cleaned at a preparation system. After
preparation, the biomass is mixed with water into a slurry and is pre-treated at a pre-
treatment system 302. In the pre-treatment system 302, the biomass is broken down (e.g.,
by hydrolysis) to facilitate separation 304 into a liquid component (i.e., a stream
comprising the C5 sugars) and a solids component (i.e., a stream comprising cellulose
from which the C6 sugars can be made available). The C5-sugar-containing liquid
component (C5 stream) and C6-sugar-containing solids component (C6 stream) can be
treated 306 (as may be suitable) and fermented in a fermentation system 308.
Fermentation product from the fermentation system is supplied to a distillation system 310
where the ethanol is recovered.

[0036] As shown in FIGURES 3 and 4A, removed components from treatment of
the CS5 stream can be treated or processed, at the treatment system 306, to recover by-
products, such as organic acids and furfural. As shown in FIGURES 3 and 4B, removed
components from treatment of the C6 stream, such as lignin or other components, can be
treated or processed, at the treatment system 306, into bioproducts or into fuel (such as
lignin for a solid fuel boiler or methane produced by treatment of residual/removed matter
such as acids and lignin in an anaerobic digester). Generally, components removed during
treatment and production of ethanol from the biomass from either or both the C35 stream
and the C6 stream (or at distillation) may be processed into bioproducts (e.g., by-products
or co-products) or recovered for use or reuse. For example, removed components from the
distillation system (such as stillage or removed solids) or from the treatment of the
fermentation product before distillation (e.g., removed solids and particulate matter, which
may comprise residual lignin, etc.) can be treated or processed into bioproducts or fuel
(e.g., methane produced in an anerobic digester).

[0037] According to some embodiments, the biomass comprises plant material
from the corn plant, such as corn cobs, husks and leaves and stalks (e.g., at least upper half
or three-quarters portion of the stalk); the composition of the plant material (i.e., cellulose,
hemicellulose and lignin) will be approximately as indicated in TABLES 1A and 1B (i.e.,

after at least initial preparation of the biomass, including removal of any foreign matter).
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According to some embodiments, the plant material comprises corn cobs, husks/leaves and
stalks; for example, the plant material may comprise up to about 100% cobs by weight, up
to about 100% husks/leaves by weight, about 50% cobs and approximately 50%
husks/leaves by weight, about 30% cobs and about 50% husks/leaves and about 20%
stalks by weight, or any of a wide variety of other combinations of cobs, husks/leaves and
stalks from the corn plant. See TABLE TA. According to some embodiments, the
lignocellulosic plant material may comprise fiber from the corn kernel (e.g., in some
combination with other plant material). TABLE 1B provides ranges believed to be
representative of the composition of biomass comprising lignocellulosic material from the
corn plant. According to exemplary embodiments, the lignocellulosic plant material of the
biomass (from the corn plant) will comprise cellulose at about 30% to about 55% by
weight, hemicellulose at about 20% to about 50% by weight, and lignin at about 10% to
about 25% by weight; according to exemplary embodiments, the lignocellulosic plant
material of the biomass (i.e., cobs, husks/leaves and stalk portions from the corn plant)
will comprise cellulose at about 35% to about 45% by weight, hemicellulose at about 24%
to about 42% by weight, and lignin at about 12% to about 20% by weight. According to
exemplary embodiments, pre-treatment of the biomass will yield a liquid component that
comprises xylose at no less than about 1.0% by weight, and a solids component that
comprises cellulose (from which glucose can be made available) at no less than about 45%
by weight.

[0038] Referring to FIGURE 5, exemplary embodiments of systems for the
production of ethanol from biomass are shown at 500. Here, biomass is pre-treated in a
pre-treatment system 302 and then separated 304 into a liquid component (pentose liquor
or C5 stream) and a solids component (C6 stream).

[0039] According to some embodiments, in the pre-treatment system an acid will
be applied to the prepared biomass to facilitate the breakdown of the biomass for
separation into the liquid component (C5 stream from which fermentable C3 sugars can be
recovered) and the solids component (C6 stream from which fermentable C6 sugars can be
accessed). According to some embodiments, the acid can be applied to the biomass in a
reaction vessel under determined operating conditions (e.g., acid concentration, pH,
temperature, time, pressure, solids loading, flow rate, supply of process water or steam,
etc.), and the biomass can be agitated/mixed in the reaction vessel to facilitate the

breakdown of the biomass. According to some embodiments, an acid such as sulfuric
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acid, hydrochloric acid, nitric acid, phosphoric acid, acetic acid, etc. (or a
formulation/mixture of acids) can be applied to the biomass. According to an exemplary
embodiment, sulfuric acid will be applied to the biomass in pre-treatment.

[0040] The liquid component (C5 stream) typically comprises water, dissolved
sugars (such as xylose, arabinose and glucose) to be made available for fermentation into
ethanol, acids and other soluble components recovered from the hemicellulose. TABLE
2B provides ranges believed to be representative of the composition of biomass
comprising lignocellulosic material from the corn plant. According to an some
embodiments, the liquid component may comprise about 5% to about 7% solids (i.e.,
suspended/residual solids such as partially-hydrolyzed hemicellulose, cellulose, and
lignin). According to some embodiments, the liquid component will comprise at least
about 2% to about 4% xylose by weight; according to other embodiments, the liquid
component will comprise no less than about 1% to about 2% xylose by weight. TABLES
2A and 2B list the composition of the liquid component of pre-treated biomass prepared
from the biomass as indicated in TABLES 1A and 1B.

[0041] The solids component (C6 stream) typically comprises water, acids and
solids such as cellulose from which sugar, such as glucose, can be made available for
fermentation into ethanol, and lignin. TABLE 3B provides ranges believed to be
representative of the composition of biomass comprising lignocellulosic material from the
corn plant. According to some embodiments, the solids component may comprise about
10% to about 40% solids by weight after separation; according to some embodiments, the
solids component may comprise about 20% to about 30% solids by weight. According to
an exemplary embodiment, the solids in the solids component comprise no less than about
30% cellulose, and the solids component may also comprise other dissolved sugars (e.g.,
glucose and xylose). TABLES 3A and 3B list the composition of the solids component of
pre-treated biomass prepared from biomass as indicated in TABLES 1A and 1B.

[0042] During pre-treatment, the severity of operating conditions (e.g., pH,
temperature, and time) may cause formation of components that are inhibitory to
fermentation. For example, under some conditions, the dehydration of C5 sugars (e.g.,
xylose or arabinose) may cause the formation of furfural. Acetic acid may also be formed,
for example, when acetate is released during the break down of hemicellulose in pre-
treatment. Sulfuric acid, which may be added to prepared biomass to facilitate pre-

treatment, if not removed or neutralized, may also be inhibitory to fermentation.



CA 02795503 2012-10-04
WO 2011/116320 PCT/US2011/029050

According to some embodiments, by adjusting pre-treatment conditions (e.g., pH,
temperature, and time), the formation of inhibitors can be reduced or managed; according
to other embodiments, components of the pre-treated biomass may be given further
treatment to remove or reduce the level of inhibitors or other undesirable matter.

[0043] Referring again to FIGURE 5, after pre-treatment 302 and separation 304
the C5 stream and the C6 stream are processed separately; as shown, the C5 stream and the
C6 stream may be processed separately prior to co-fermentation (i.e., C5/C6 fermentation
as shown in FIGURE 5) or they may be processed separately including separate
fermentation (i.e., separate C5 fermentation and C6 fermentation).

[0044] Treatment of the C5 stream (liquid component) of the biomass may be
performed at a treatment system 502 in an effort to remove components that are inhibitory
to efficient fermentation (e.g., furfural, HMF, sulfuric acid and acetic acid) and residual
lignin or other matter that may not be fermentable from the C5 sugar component, so that
the sugars (e.g., xylose, arabinose, as well as other sugars such as glucose) are available
for fermentation. The C35 sugars in the C5 stream may also be concentrated to improve the
efficiency of fermentation (e.g., to improve the titer of ethanol for distillation).

[0045] Treatment of the C6 stream (solids component) of the biomass may be
performed at a treatment system 504 to make the C6 sugars available for fermentation.
According to some embodiments, hydrolysis (e.g., enzyme hydrolysis) may be performed
to access the C6 sugars in the cellulose. Treatment may also be performed in an effort to
remove lignin and other non-fermentable components in the C6 stream or to remove
components such as residual acid or acids that may be inhibitory to efficient fermentation.
[0046] According to some embodiments, as shown in FIGURE 35, after pre-
treatment and separation the C5 stream and the C6 stream can be treated separately and
subsequently combined after treatment (e.g., as a slurry) for co-fermentation in a
fermentation system 308 to produce a C5/C6 fermentation product from the available
sugars (e.g., xylose and glucose). The C5/C6 fermentation product can (after treatment, if
any) be supplied to the distillation system 310 for recovery of the ethanol (e.g., through
distillation and dehydration). According to other embodiments, the C5 stream and the C6
stream can each be separately processed through fermentation and distillation (after
treatment, if any) to produce ethanol. According to some embodiments, a suitable
fermenting organism (e.g., ethanologen) may be used in the fermentation system. The

selection of an ethanologen may be based on various considerations, such as the
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predominant types of sugars present in the slurry. Dehydration and/or denaturing of the
ethanol produced from the C5 stream and the C6 stream may be performed either
separately or in combination.

[0047] FIGURE 6A and 6B show the apparatus used for preparation, pre-treatment
and separation of lignocellulosic biomass according to an exemplary embodiment, as seen
at 600. As shown, biomass is prepared in a grinder 602 (e.g., grinder or other suitable
apparatus or mill). Pre-treatment of the prepared biomass is performed in a reaction vessel
604 (or set of reaction vessels) supplied with prepared biomass and acid/water in a
predetermined concentration (or pH) and other operating conditions. As shown in
FIGURE 6B, the pre-treated biomass can be separated in a centrifuge 606 into a liquid
component (C5 stream comprising primarily liquids with some solids) and a solids
component (C6 stream comprising liquids and solids such as lignin and cellulose from
which glucose can be made available by further treatment).

[0048] As shown in FIGURE 7, pre-treated biomass can be separated 304 into a
liquid component (C5 stream) and a solids component (C6 stream) using a centrifuge 702,
for example, a decanter centrifuge, basket centrifuge, or disc-stack centrifuge. According
to other exemplary embodiments, other suitable equipment (such as a hydrocyclone or
other type of solid-liquid separator) may be used for the separation of the pre-treated
biomass,

[0049] As shown in FIGURES 8 and 10, the liquid component (i.e., the C5 stream)
of the pre-treated biomass can be provided to a treatment system 502. According to an
embodiment (see, FIGURES 3 and 4A), during pre-treatment an acid (i.e., dilute sulfuric
acid) has been applied to the biomass to facilitate the separation of the biomass into the
liquid component (C5 stream) and solids component (C6 stream). As shown in FIGURE
8, according to an exemplary embodiment, the treatment system 502 will comprise
separation (e.g., using a filtration system 802) of removed components from the C5
stream. Removed components may comprise acids and other matter that may be inhibitory
to fermentation (or otherwise undesirable). For example, in the separation of the pre-
treated biomass, the sulfuric acid applied in pre-treatment will primarily remain with the
liquid component (C5 stream), as well as any acetic acid released from the biomass during
pre-treatment; the acidity of the C35 stream (which may have a pH of about 1.5 to 2.0)
could be inhibitory to fermentation of the sugars. The treatment system could also be

configured to remove other components that are inhibitory to fermentation from the C5
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stream, for example, chemicals such as furfural and hydroxymethylfurfural (HMF) that
have formed during pre-treatment.

[0050] Referring to TABLES 2A and 2B, according to embodiments where the
biomass comprises lignocellulosic material from a corn plant, the liquid component (C5
stream) will comprise water with glucose and xylose available for fermentation. as well as
residual solids that may comprise glucan (cellulose) from which glucose can be made
available and hemi-cellulose (e.g., xylan) from which xylose can be made available.
According to any exemplary embodiment, the C5 stream will comprise at least about 90%
water and about 5% to about 7% solids by weight, as well as xylose in a range of about 2%
to about 6% by weight and glucose of less than about 1% by weight. According to
alternative embodiments, the amount of water and the concentration of sugars (e.g., xylose
and glucose) in the C5 stream can be adjusted by treatment (e.g., filtration, evaporation, or
dilution). According to some embodiments, the treatment system will prepare the liquid
component (C5 stream) for suitable processing in the biorefinery.

[0051] Referring to FIGURES 9A through 9C, the liquid component (C5 stream)
and solids component (C6 stream) may be combined into a slurry and supplied to a
fermentation system 308 (i.e., for co-fermentation of C5 sugars such as xylose and C6
sugars such as glucose). As shown in FIGURE 9A, the fermentation system 308
comprises treatment 902 and fermentation 904 of the combined C5/C6 stream (slurry).
Treatment of the combined C5/C6 stream provides a treated C5/C6 stream (e.g.,
hydrolysate) in which sugars have been made available for fermentation. According to an
exemplary embodiment shown in FIGURE 9B, the fermentation system 308 comprises
treatment of the combined C5/C6 stream by enzyme hydrolysis 906. According to an
exemplary embodiment shown in FIGURE 9C, the fermentation system 308 may also
comprise separation of the hydrolysate (e.g., treated C5/C6 stream) to remove
unfermentable matter such as lignin at a treatment 908.

[0052] Referring to TABLES 2A and 2B, according to embodiments where the
biomass comprises lignocellulosic material from a corn plant, the solids component (C6
stream) comprises cellulose (e.g., glucan from which fermentable sugars can be accessed),
xylan (e.g., partially hydrolyzed hemi-cellulose), lignin and other solid matter, as well as
water with other suspended and dissolved solids (which may also comprise fermentable
sugars such as xylose and glucose). According to some embodiments, the C6 stream will

comprise about 80% to about 90% water and about 5% to about 20% solids by weight.
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According to some embodiments, the solids component (C6 stream) will be prepared for
suitable processing.

[0053] As shown in FIGURES 5, §, 9C, and 10, according to some embodiments,
treatment may be provided to remove components; for example, removed components
may comprise acid from treatment comprising separation performed on the C5 stream (see,
e.g., FIGURES 5, 8 and 10) and lignin from treatment comprising separation performed on
the C6 stream (see, e.g., FIGURE 5) or hydrolysate (see FIGURE 9C). As shown in
FIGURE 9C, treatment may be provided to concentrate sugars in the hydrolysate (i.e., to
remove water). Acid removed from the C5 stream may be conditioned and reused in the
pre-treatment system; lignin removed from the C6 stream may be processed into a by-
product or fuel. According to alternative embodiments, removed components may be
provided to a treatment system such as an anaerobic digester and processed into a fuel
(i.e., methane gas). See FIGURES 4A and 4B. As shown in FIGURE 10, after treatment
(if any) the hydrolysate is supplied to the fermentation system (along with yeast and
agents) to produce a fermentation product comprising ethanol that has been fermented
from sugars in the hydrolysate.

[0054] Additionally, as indicated at FIGURE 10, the removed acids from the liquid
C5 stream may be conditioned 1002 to recycle acids to the pretreatment system 302.
Additionally, after distillation the remaining stillage may be separated 1004 to form a
lignin solids and a liquid portion which contains any residual sugars. The liquid portion
may be supplied to an anaerobic digester type system for the generation of biogas, or may
be recycled as a backset. Lignin solids may be burned as an energy source.

[0055] As shown in FIGURE 11, the C6 stream (solids component) and C5 stream
(liquid component) of the pre-treated biomass can be supplied as a slurry to a tank (i.e., a
temperature-controlled reaction vessel) for enzyme hydrolysis 906. The combined C5/C6
slurry will comprise cellulose (glucan), lignin , xylan, water with dissolved sugars (such as
xylose and glucose) and other residual matter from pre-treatment. Residual glucan or
xylan present as solids in the liquid component/C5 stream may also become available for
enzyme hydrolysis and may supplement the total glucose and xylose yield realized in the
hydrolysate. An enzyme formulation is supplied to the slurry; in addition, water and
agents may be supplied to the slurry (if necessary, for example, to adjust the solids loading

or the pH).
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[0056] In enzyme hydrolysis, the solids component is treated with an enzyme
formulation (e.g., comprising a cellulase enzyme) in a vessel for a period of time to allow
for the break down or saccharification by enzyme action of the polymeric cellulose (e.g.,
polymeric glucan) into accessible monomeric sugars (e.g., monomeric glucose). Agents
(e.g., potassium hydroxide or sodium hydroxide for pH adjustment) may also be supplied
to the slurry. According to some embodiments, enzyme hydrolysis can be performed
using any suitable enzyme or enzyme formulation that will break down cellulose into
sugars (e.g., glucose) available for fermentation. According to an exemplary embodiment,
the enzyme formulation will comprise a cellulase enzyme. According to any exemplary
embodiment, the treated C5/C6 component from enzyme hydrolysis may comprise a
hydrolysate in which sugars such as glucose (and xylose) have been made available from
the glucan/cellulose (and xylan) and in which dissolved sugars (e.g., such as xylose and
glucose) are available.

[0057] As shown at FIGURE 12, an example process flow diagram for the
conversion of biomass to ethanol is provided, in accordance with some embodiments. In
this process, the biomass is first ground and then pretreated with a dilute acid and heat (at
1202). The pretreated biomass is then separated (at 1204) into a solids and liquid stream.
The solid stream comprises primarily lignocellulosic materials, and the liquid portion
includes dissolved sugars, such as xylose. The solids are provided to a steam explosion
type device (at 1206) to pressurize the solids in the presence of steam (heat). The steam
permeates the solids. Then a sudden pressure drop is applied to the solids, releasing the
steam and cavitizing the solids. The steam explosion of the solids provides voids and
increased surface area in the lignocellulosic material thereby enabling increased
accessibility to enzymes for conversion of cellulose to sugar at later steps.

[0058] The steam exploded solids and the pentose liquid stream may then be
recombined (at 1208). This recombined slurry may then be subjected to a joint
saccharification using enzymes, such as cellulase and hemicellulose (at 1210). After
enzyme hydrolysis, the resulting solids and the liquids may again be separated (at 1212).
The solids at this point comprise mostly of lignin, whereas the liquids include dissolved
sugars, including xylose and glucose. The solids (lignin) may be washed to remove any
residual sugars (at 1214), and the wash liquor may be added to the liquids.

[0059] The liquids may then be concentrated (at 1216) such that the sugar content

is high enough to provide a desirable fermentation. The concentrated liquids may then be
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fermented (at 1218) to generate ethanol. The fermentation product is then distilled (at
1220) to separate out the ethanol from the stillage materials.

[0060] Operating conditions for enzyme hydrolysis may comprise the solids
loading (ratio of solids to liquid in the slurry), enzyme loading (amount of enzyme
formulation as a ratio of enzyme protein to hydrolysable matter such as glucan in the
solids fraction), temperature, time, and pH. The solids loading can be adjusted by varying
the ratio or proportion of C5 stream (liquid component) which is typically at least about
93% water supplied to the slurry or by supplying additional water to the slurry. The
enzyme loading can be adjusted by varying the dose of enzyme formulation relative to the
amount of glucan/solids in the treated combined C5/C6 stream. (Glucan/cellulose in the
C6 stream is estimated to comprise about 40% to about 60% of the solids on a dry weight
basis.) The pH of the slurry can be increased to a suitable level for enzyme hydrolysis for
example by application of potassium hydroxide or ammonium hydroxide). Time and
temperature can be adjusted by controlling conditions in the reaction vessel.

[0061] A typical operating range for solids loading (ratio of solids to liquid in the
slurry) is about 5% to about 20% solids dry weight; the more typical range is about 10% to
about 17% solids; the exemplary range is about 13% to about 16% solids.

[0062] A typical operating range for enzyme loading (i.e., for the cellulase
enzyme) is about 4.5 to 18 milligrams of enzyme protein per gram of glucan (dry weight);
the more typical range is about 5 to 15 milligrams of enzyme protein per gram of glucan;
the exemplary range is about 6 to 12 milligrams of enzyme protein per gram of glucan.
[0063] A typical operating temperature range is about 25° C to 63° C; the more
typical range is about 40° C to 55° C; the exemplary range is about 48° C to 52° C.

[0064] A typical pH range is about 4 to 6.3; the more typical range is about 4.5 to
6; the exemplary range is about 5.4 to 5.6.

[0065] A typical operating time for enzyme hydrolysis is about 60 to 160 hours;
the more typical range is about 70 to 120 hours; exemplary range is about 90 to 110 hours.
[0066] According to some embodiments, under operating conditions as indicated
above with biomass comprising lignocellulosic material from a corn plant (as indicated in
TABLES 1A and 1B) pre-treated with dilute acid (as indicated in FIGURES 5A, 5B and
6A) and separated into a solids component (C6 stream) and liquid component (C5 stream)
that is combined into a slurry comprising by weight a solids loading of between about 5%

and about 15%, and treated by enzyme hydrolysis with a cellulase enzyme at an enzyme
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loading of between about 4 and about 18 milligrams of enzyme protein per gram of
glucan, under operating conditions (as indicated above), a hydrolysate could be produced
that provides glucose yields of between about 3.08% and about 10.37% of the theoretical
maximum yield (from the estimated available glucan) and xylose. See TABLES 4A
through 4C. The glucose and xylose could be fermented into ethanol. See FIGURES 1
through 11.

[0067] An example of the use of the treatment system according to an exemplary
embodiment indicates the efficacy of treatment by enzyme hydrolysis of the combined
C5/C6 stream from pre-treated biomass to make glucose available for fermentation into
ethanol. Results and data from the example are shown in FIGURES 13A through 13E and
TABLES 4A through 5C. The biomass comprised lignocellulosic plant material from the
corn plant, see TABLES 1A and 1B. The biomass had been pre-treated using dilute
sulfuric acid and separated into a liquid component (C5 stream) and a solids component
(C6 stream), as indicated in FIGURES 5A, 5B and 6A and TABLES 2A and 3A, as part of
the example, the C5 stream (liquid component comprising water, dissolved sugars and
solids) was combined with the C6 stream (solids component comprising glucan from
which glucose can be made available as well as other solids and liquid) to adjust the solids
loading for enzyme hydrolysis. The enzyme formulation comprised a cellulase enzyme
available under the trade name Cellic CTEC from Novozymes North America, Inc. of
Franklinton, North Carolina. Enzymatic hydrolysis was performed at varying levels of
enzyme loading (ratio of enzyme protein to glucan/solids). (Glucan/cellulose was

estimated to comprise about 60% of the solids in the samples on a dry weight basis.)

EXAMPLE 1
[0068] The treatment system was used to evaluate the efficacy of enzymatic
hydrolysis to release glucose from the glucan (i.e., cellulose) from pre-treated biomass, as
indicated in FIGURES 3 and 11. Samples of slurry were prepared from the solids
component/C6 stream and liquid component/C5 stream of the pre-treated biomass. The
sample/slurry was adjusted to a pH of about 5.5 (by application of potassium hydroxide).

The samples were prepared at different concentrations of total solids by weight: (a) about
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5% (b) about 10%; and (c) about 15%. Enzymatic hydrolysis was performed on
subsamples at different enzyme loadings (milligrams of enzyme protein per gram of
glucan dry weight): (a) about 6.0 milligrams of enzyme protein; (b) about 9.0 milligrams
of enzyme protein; (c) about 12.0 milligrams of enzyme protein; (d) about 16.3 milligrams
of enzyme protein. A cellulase enzyme was used. Enzymatic hydrolysis of the
subsamples at a temperature of about 50° C after about 90 hours yielded a hydrolysate
comprising glucose and xylose, as indicated in TABLES 5A, 5B, and 5C. The glucose
yield and xylose yield of the hydrolysate from each of the subsamples was measured and
analyzed. The hydrolysate from each sample (i.e., for each of the three levels of solids
loading) was combined and evaporated to concentrate the sugars and then fermented and
analyzed for sugar conversion and ethanol production (after 24 and 48 hours). It was
observed that glucose yields were maximized at higher enzyme loadings but that at a given
enzyme loading the glucose yield could be improved by reducing the solids loading
(within the indicated operating conditions). It was also observed that efficacy of enzyme
hydrolysis could be maintained while using the liquid component/C5 stream to reduce the
solids loading (i.e., to dilute the solids component/C6 stream). The results are shown in

FIGURES 13A through 13E and TABLES 4A through 5C.

EXAMPLE 2
[0069] After dilute acid hydrolysis, the second pass bale material (which includes

corn cobs, leaves, husks, and stalks) was separated into a solids stream which contains the
glucan and a liquid stream which is enriched with xylose. The solids stream is referred to
as C6 solids and the liquid stream is referred to as C5 liquor. The C6 solids were
subjected to steam explosion and then to enzymatic hydrolysis (saccharification). Samples
of slurry were prepared for enzymatic hydrolysis at 15% dry C6 solids using the C5 liquor
as makeup water. The C5 liquor was concentrated and added back to the solids. This
whole broth slurry was pH adjusted to 5.5 using 45% w/w potassium hydroxide. Cellulase
enzyme was then added to this pH adjusted slurry at 6 mg enzyme protein per g glucan.
The enzymatic hydrolysis of the slurry at 50° C for 115 hours yielded a hydrolyzate
comprising glucose and xylose at 70.7 g/L and 45.9 g/L, respectively. This corresponded
to a theoretical glucan to glucose yield of 70.4%. Following the enzymatic hydrolysis, the
slurry was cooled to 32° C, pH adjusted to 5.5 using 45% KOH and inoculated with

aerobically propagated genetically modified S. cerevisiae at 0.9 g/L (Propagator inoculated
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at 0.5 g dry yeast/L). Urea (for nutrition) and Lactoside247 (an antimicrobial) were added
at 0.24 g/L. and 2 ppm, respectively. The fermentation for 48 hours yielded 5.26% v/v

ethanol (which corresponded to an efficiency of about 78% sugar to ethanol conversion).

EXAMPLE 3
[0070] To improve the efficiency of glucan to glucose conversion in
saccharification, the C5 liquor was treated with lime (calcium hydroxide). The C5 liquor
was pH adjusted to 3.5 using calcium hydroxide. The precipitate formed was removed by
crude centrifugation at 4000 rpm for 1 min. The liquor after separation of solids was
concentrated and used as makeup water to prepare 15% dry C6 solids slurry or 18% dry
C6 solids slurry. These whole broth slurries were then pH adjusted with ammonium
hydroxide to 5.5. Clarified thin stillage (CTS) was included as part of makeup water (25%
of total water in makeup for 15% solids slurry or 31% of total water in makeup for 18%
solids slurry) to aid in fermentation. These pH adjusted slurries were subjected to
enzymatic hydrolysis using the cellulose enzyme at 6 mg enzyme protein per g glucan.
After 119 h of enzymatic hydrolysis at 50° C, the hydrolyzate from 15% dry C6 solids
showed a glucose and xylose concentrations of 78.8 g/L and 38.9 g/L, respectively; and
the hydrolyzate from 18% dry C6 solids showed a glucose and xylose concentrations of
91.3 g/l and 38.8 g/L, respectively. These yields of glucan to glucose corresponded to
78.5 and 75.7% theoretical for 15% C6 solids and 18% C6 solids, respectively. Following
the enzymatic hydrolysis, the slurries were cooled to 32° C, pH adjusted to 5.5 using
ammonium hydroxide and inoculated with aerobically propagated genetically modified S.
cerevisiae at 1.0 g/L. (Propagator inoculated at 0.5 g dry yeast/L). Urea (for nutrition) and
Lactoside247 (an antimicrobial) were added at 0.24 g/L and 2 ppm, respectively. The
fermentation after 24 h yielded 5.55% v/v ethanol (efficiency of 82.4% sugar to ethanol
conversion) and 6.07% v/v ethanol (efficiency of 82.9% sugar to ethanol conversion) for

15% C6 solids and 18% C6 solids slurries, respectively.

EXAMPLE 4
[0071] The process configuration was slightly altered to avoid the use of lime.
Using lime could possibly cause certain issues downstream such as scaling/fouling in the
evaporators and also could result in a gypsum waste stream that will have to be dealt with.

Therefore, the enzymatic hydrolysis of C6 solids was performed at 18% total C6 solids.

18



CA 02795503 2012-10-04
WO 2011/116320 PCT/US2011/029050

Clarified thin stillage (CTS) was included as part of makeup water (31% of total water in
makeup) to aid in fermentation. This C6 solids slurry was pH adjusted to 5.5 using
ammonium hydroxide. This pH adjusted slurry was subjected to enzymatic hydrolysis
using the cellulose enzyme at 6 mg enzyme protein per g glucan. After 119 h of
enzymatic hydrolysis at 50° C, the hydrolyzate showed a glucose concentration of 97.5 g/LL
which corresponded to 80% glucan to glucose conversion. This hydrolyzate was cooled to
32°C. The C5 liquor was concentrated and added to this saccharified hydrolyzate. This
mixture was pH adjusted to 5.5 using ammonium hydroxide and inoculated with
aerobically propagated genetically modified S. cerevisiae at 1.0 g/L (Propagator inoculated
at 0.5 g dry yeast/L). Urea (for nutrition) and Lactoside247 (an antimicrobial) were added
at 0.24 ¢/L and 2 ppm, respectively. The fermentation after 24 h yielded 4.95% v/v
ethanol which corresponded to an efficiency of ~81% sugar to ethanol conversion by the

yeast.

[0072] The embodiments as disclosed and described in the application (including
the FIGURES and Examples) are intended to be illustrative and explanatory of the present
inventions. Modifications and variations of the disclosed embodiments, for example, of
the apparatus and processes employed (or to be employed) as well as of the compositions
and treatments used (or to be used), are possible; all such modifications and variations are
intended to be within the scope of the present inventions.

[0073] The word “exemplary” is used to mean serving as an example, instance, or
illustration. Any embodiment or design described as “exemplary” is not necessarily to be
construed as preferred or advantageous over other embodiments or designs, nor is it meant
to preclude equivalent exemplary structures and techniques known to those of ordinary
skill in the art. Rather, use of the word exemplary is intended to present concepts in a
concrete fashion, and the disclosed subject matter is not limited by such examples.

[0074] The term “or” is intended to mean an inclusive “or” rather than an exclusive
“or.” To the extent that the terms “‘comprises,” “has,” “contains,” and other similar words
are used in either the detailed description or the claims, for the avoidance of doubt, such
terms are intended to be inclusive in a manner similar to the term “comprising” as an open

transition word without precluding any additional or other elements.
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CLAIMS:

1. A method for treating biomass to be supplied to a fermentation system for production of a
fermentation product comprising the steps of:

pre-treating the biomass into pre-treated biomass;

separating the pre-treated biomass into a first component comprising glucan and a
second component comprising glucan and sugars;

steam exploding the first component;

providing a combined component comprising at least a portion of the steam exploded
first component and at least a portion of the second component;

treating the combined component of the pre-treated biomass into a treated component
comprising glucose by application of an enzyme formulation, wherein the treated component
comprises 2% to 15% glucose by weight; and

wherein the biomass comprises lignocellulosic material comprising at least one of corn

cobs, corn plant husks, corn plant leaves, and corn plant stalks.

2. The method of claim 1, wherein the treated component comprises a hydrolysate.

3. The method of claim 2, wherein the hydrolysate is treated to increase a

concentration of sugars prior to fermentation.

4. The method of claim 2, wherein the first component of the pre-treated biomass comprises

40% to 60% glucan by weight and the hydrolysate comprises 2% to 15% glucose by weight.

5. The method of claim 1, wherein the treated component comprises hydrolyzed biomass to be

supplied to the fermentation system and the fermentation product comprises ethanol.

6. The method of claim 1, wherein the glucan comprises cellulose and the enzyme formulation

converts glucan to glucose.
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7. The method of claim 1, wherein the step of pre-treating the biomass is conducted at a
temperature in a range of 25° C to 63° C and at a pH of 4 to 6.3 and for a time of between 60
and 160 hours.

8. The method of claim 7, further comprising the step of treating the second component to

remove inhibitors.

9. The method of claim 7, further comprising the step of treating the second component to

increase a concentration of xylose.

10. The method of claim 7, wherein the combined component comprises 1% to 8% glucan.

11. The method of claim 7, wherein the combined component comprises about 1% to

about 6% xylan.

12. The method of claim 7, wherein the combined component comprises no less than

about 75% water.

13. The method of claim 7, wherein the first component of the pre-treated biomass comprises

40% to 60% glucan.

14. The method of claim 7, wherein the step of treating the combined component of the pre-
treated biomass is conducted at a temperature in a range of 47° C to 53° C and at a pH of 5.4
to 5.6 and for a time of between 90 and 120 hours.

15. The method of claim 1, wherein the combined component comprises glucose and xylose.
16. The method of claim 15, wherein the combined component comprises glucan and lignin.

17. The method of claim 16, wherein the combined component comprises xylan.
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18. The method of claim 1, wherein the combined component comprises water and solids.

19. The method of claim 18, wherein the combined component comprises at least 4% solids

by weight.

20. The method of claim 19, wherein the combined component comprises at least 1% glucan

by weight.
21. The method of claim 1, wherein the enzyme formulation comprises enzyme protein and is
provided to the combined component in a concentration of between 4.0 and 18 milligrams of

the enzyme protein per gram of glucan in the combined component.

22. The method of claim 1, wherein the first component comprises a solids component of the

lignocellulosic material.

23. The method of claim 1, wherein the second component comprises a liquid component of

the lignocellulosic material.

24. The method of claim 1, wherein the lignocellulosic material comprises corn cobs, corn

plant husks, corn plant leaves, and corn stalks.

25. The method of claim 1, wherein the biomass comprises cellulose and further comprising

the step of fermenting glucose in the treated component to produce the fermentation product.

26. The method of claim 25, wherein the biomass comprises hemi-cellulose and the

fermentation product has been produced by fermentation of xylose.

27. The method of claim 1, wherein the treated component comprises xylose.

28. The method of claim 1, wherein the treated component comprises 1% to 4% lignin.
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29. The method of claim 1, wherein the step of treating the combined component of the pre-
treated biomass is conducted at a temperature in a range of 40° C to 55° C and at a pH of 1.5

to 6 and for a time of between 70 and 120 hours.

30. A system for treating biomass to be supplied to a fermentation system for production of a
fermentation product comprising:

an apparatus configured to pre-treat the biomass into pre-treated biomass;

a separator in fluid communication with the apparatus, wherein the separator is
configured to separate the pre-treated biomass into a first component comprising glucan and a
second component comprising sugars and glucan;

a steam explosion device in fluid communication with the separator to receive the first
component, wherein the steam explosion device is configured to subject the first component
to steam explosion;

a vessel in fluid communication with the separator and the steam explosion device,
wherein the vessel is configured to contain a combined component comprising at least a
portion of the steam exploded first component and at least a portion of the second component
and to be supplied with an enzyme formulation so that a treated component comprising
glucose can be created by enzyme hydrolysis of the combined component;

wherein the biomass comprises lignocellulosic material; and

wherein the lignocellulosic material comprises at least one of corn cobs, corn plant

husks, corn plant leaves, and corn.
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TABLE 1A
Biomass Composition
Hemicellulose
Cob Husks/ | giqc || Collulose Lignin Ash
(percent) Leaves (percent) (Glucan) Xylan Arabinan Acetate CompOSite (percent) (percent)
(percent) (percent) | (percent) (percent) (percent) | (percent)

100 0 0 36.0 33.3 3.6 3.0 39.9 14.9 2.2
0 100 0 37.2 25.6 4.9 2.2 32.7 13.0 7.7
0 0 100 41.7 22.5 2.4 2.6 27.5 18.3 3.7
50 0 50 38.8 27.9 3.0 2.8 33.7 16.6 3.0
50 50 0 36.6 29.5 4.2 2.6 36.3 14.0 5.0
30 50 20 37.7 27.3 4.0 2.5 33.8 14.6 5.3

TABLE 1B
Biomass
Cellulose Hemicellulose Lignin Ash
(Glucan)
(percent) (percent) (percent)
(percent)
(approx.) (approx.) (approx.) (approx.)
Typical Range 35-45 24-42 12-20 2-8
Expected Range 30-55 20-50 10-25 1-10
TABLE 2A
Pre-Treated Biomass
Liquid Component Composition
Cob LH::\I;:é Stalk Glucose Xylose Arabinose Acetic Acid
(percent) (percent) (percent) (percent) (percent) (ppm)
(percent)

100 0 0 0.4 4.8 0.5 6090
0 100 0 0.4 2.7 0.5 3400
0 0 100 0.4 4.2 0.4 6180
50 0 50 0.4 4.5 0.4 6135
30 50 20 0.4 3.6 0.5 4763
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TABLE 2B
Pre-Treated Biomass
Liquid Component
Glucose Xylose Arabinose Acetic Acid
(percent) (percent) (percent) (ppm)
(approx.) (approx.) (approx.) (approx.)
Typical Range 0-1 2-6 0-1 3000-6400
Expected Range 0-1 1-8 0-1 2000-8000
TABLE 3A
Pre-Treated Biomass
Solids Component Composition
Hemicellulose
Cob Husks/ | giqc || Collulose Lignin Ash
(percent) (percent) | (percent) (percent) (percent) | (percent)

100 0 0 60.2 9.5 0.9 0.3 10.7 26.7 1.2
0 100 0 54.4 1.3 0.7 0.7 10.4 23.8 9.7
0 0 100 51.1 1.4 1.0 1.0 15.4 27.3 3.1
50 0 50 55.7 55 0.9 0.6 13.1 27.0 2.2
50 50 0 57.3 5.4 0.8 0.5 10.6 252 5.4
30 50 20 55.5 3.8 0.8 0.6 11.5 254 5.8

TABLE 3B
Pre-Treated Biomass
Solids Component
Cellulose Hemicellulose Lignin Ash
(Glucan)
(percent) (percent) (percent) (percent)
(approx.) (approx.) (approx.) (approx.)
Typical Range 48-62 8-17 22-30 1-10
Expected Range 45-65 5-20 20-32 1-10
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TABLE 4A
Glucose, 0 hr Xylose, 0 hr
Enzyme 5 10 15 Enzyme 5 10 15
Loading (mg/g  Percent Percent Percent Loading (mg/g Percent Percent Percent
Glucan) Solids Solids Solids Glucan) Solids Solids Solids
6.00 0.11 0.21 0.27 6.00 0.69 1.26 1.31
9.00 0.11 0.21 0.27 9.00 0.69 1.26 1.31
12.00 0.11 0.21 0.27 12.00 0.69 1.26 1.31
16.27 012 0.21 0.27 16.27 0.69 1.26 1.31
Glucose, 90 hr Xylose, 90 hr
Enzyme 5 10 15 Enzyme 5 10 15
Loading (mg/g Percent Percent Percent Loading (mg/g Percent Percent Percent
Glucan) Solids Solids Solids Glucan) Solids Solids Solids
6.00 2.52 5.04 6.76 6.00 1.08 1.62 1.67
9.00 2.72 5.47 7.72 9.00 1.12 1.68 1.76
12.00 2.79 5.64 8.28 12.00 1.13 1.71 1.83
16.27 2.66 5.92 8.95 16.27 1.14 1.76 1.87
TABLE 4B
Glucose Released By Hydrolysis
(Percent in Solution)
Enzyme Loading 5 Percent 10 Percent 15 Percent
(mg/g Glucan) Solids Solids Solids
6.00 2.41 4.83 6.48
9.00 2.61 27 7.45
12.00 2.68 543 8.01
16.27 2.53 5.71 8.68

Theoretical Glucose Yield from Glucan
(Percent in Solution)
6.91

3.08 10.37

Glucose Yield
Percent of Theoretical

Enzyme Loading 5 Percent 10 Percent 15 Percent
(mg/g Glucan) Solids Solids Solids
6.00 78.1 69.9 62.5
9.00 84.6 76.2 71.8
12.00 87.1 78.6 77.2
16.27 82.2 82.7 83.7
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TABLE 4C

Glucose Yield
Percent of Theoretical

C6 Stream C5/C6 Stream
Enzyme Loading | Enzyme Loading
16.6 mg/g 16.27 mg/g
5 Percent Solids 81.0 82.2
10 Percent Solids 82.8 82.7
15 Percent Solids 83.6 83.7
TABLE 5A
Time Glucose | Xylose Ethanol
(n) (percent) | (percent) | (percent)
0 12.97 5.50 0.00
24 0.09 0.67 9.64
48 0.13 0.64 9.30
TABLE 5B
Time Glucose | Xylose Ethanol
(h) (percent) | (percent) | (percent)
0 13.87 4.34 0.00
24 0.10 0.40 9.67
48 0.12 0.36 9.52
TABLE 5C
Time Glucose | Xylose Ethanol
(n) (percent) | (percent) | (percent)
0 13.42 3.08 0.00
24 0.09 0.21 8.79
48 0.11 0.19 8.65
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