An i nproved process for the rapid hydrolysis of high solids biomss O aim
of Priority This patent application clains priority of patent applications
PCT/ | T20000Q000113413Di | ed on March 31, 2009, PCT/|1T2009/ 0@Q1aB20io/b&adion March
31, 2009, PCT/I1B2009/055736 filed on Décenber 14, 2009, and

PCT/ | B2009/ 055737 filed on Decenber 14, 2009. Background French Patent
Application No 2609046 teaches hydronS|s of starch in the presence of
starch h rdrol h 9. pe extracted from food and
grain pl4 ' ; Sitcs : ; |y hydrolyzed due to
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teaches to add water to the ground dry starch to adjust the concentration
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under st ood between 50 and 400 g/liter of the mddle of fernmentation. The
French patent application nentions nothing of applicability to cellulosic

f eedsy OCirhis patent GpHaMEn CRIchPridkity of *paient Kﬁ)heﬂﬁfrﬁ)P(HUEItZOOD/OOOBM ﬁledtdnon of
et hanol froma fernmentation process is dramati cal I%/_ reduc

f er ment aMageh B, RO RATAT2RONRN0L2T fided ormMardhaHoe 200SHGT/ H%%ﬂﬂ%@y%ﬁ §lsdar
concent gl HaReARea, Sk WA beTAboR 847 RS of WESSNRL LBIABISS, 10
particul ar “I'rgnocel tu Ironmasses, corresponds to an |n|t| aI dry matter
content above 20% It is therefore critical to be able to utilize

| i gnocel | ul.osi c-containing bi omasses with high dry matter contents,

pr ef er abPge 20% by wei ght. Enzymatic hydrol ysis of biomass has
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15  to adjust the concentration in ground starchy substratum, expressed in dry matters, to a
value understood between 50 and 400 g/liter of the middle of fermentation. The French

patent application mentions nothing of applicability to cellulosic feedstocks.

It is known in the art that the energy cost of distillation of ethanol from a fermentation
20  process is dramatically reduced if the fermentation broth contains more than 4% ethanol.
This requires a sugar concentration above 8% (w/w), which with most types of biomass, in
particular lignocellulosic biomasses, corresponds to an initial dry matter content above

20%.

25 It is therefore critical to be able to utilize lignocellulosic-containing biomasses with high

dry matter contents, preferably above 20% by weight.

Enzymatic hydrolysis of biomass has previously been described. However, in the case of
lignocellulosic biomasses, only material consisting in fibers and particles with an average
30 size below linch (25.4mm) and furthermore having a relatively low dry matter content, i.e.

below 20% (w/w), have successfully been hydrolyzed.



pl aced inpeller shaft simlar to what is used in the fernentation industry.
Due to this equi pnment, high viscosity solutions, very sticky or very dry
mat eri al warnoy1ibsostirred efficiently and will result iPchapugentoLss,

mai ntai ning areas with very poor or no2m xing. Furthernmore, stirring of
such solutions requires very large energy inputs, which are detrinental to
t he econony of the process. Operating with polysacchari de-containing
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US2002117167A describes enzymatic hydrolysis of hemicellulose in biomass material,
comprising solubilizing at least a portion of hemicellulose and hydrolyzing the solubilized
20  hemicellulose to produce at least one monosaccharide. The selected biomass is preferably
an aqueous slurry of raw or pre-treated material. The biomass material may be any
cellulosic material that includes hemicellulose. The process is described as being especially
effective with grain fibers such as corn, wheat, rice, oats or barley. However, as noted in
the examples, the cellulose is not hydrolyzed.
25
US2004005674A describes a process for enzymatic hydrolysis of lignocellulose.
Degradation of lignocellulose to sugars comprises contacting the lignocellulose with at
least one auxiliary enzyme and at least one cellulase. The lignocellulosic material was
ground (the average fiber size of the material was not further specified) and had a low dry

30  matter content (0.2g of ground stover material in 10ml of enzyme solution).

WO 2006/056838 describes a process for liquefaction and saccharification of



WO 2006/ 056838 descri bes a process for |iquefaction and saccharification

of pol ysacchari de-cont ai ni ng bi omasses, having a relatively high dry matter
content. WO 0omiBr3es enzynatic hydrolysis with a type ofPCRiIRZngo031@idyi ng on
the principle of gravity, ensuring thaB the bi omasses are subjected to
mechani cal forces, primarily shear and tear forces. The above processes are
expensive to operate due to their high shear requirenents and ti me to
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break the fibers. This specification discloses a hydrolysis process which
does not need shear and hydrolyze the cellulose in a very short time. This

specj(ficgﬁlingﬁd herefore discloses a process for the hydrolysis of high dry
content biomass conprising the steps of contacting a feedstock conprised of

bi omass having bot h dry content and mater with at |east a portion of a

solvent ATl 8] B 3R PHRLs M S A POGRE SRSy e
sol ubl e hyHydiblyzedhs ne@uleﬁc wxﬁas@@sbh@ef gemerallpeproyell ohecdhomivhl. t Wehile the
cellulosic containing biomass streams can be treated to increase the accessibility of the
15  cellulose to hydrolysis catalysts, such as enzymes, it is still very difficult in time and
energy to convert the cellulose to its basic sugars. It is for this reason, that prior art
systems remove the cellulosic components first and hydrolyze the starch or free sugar
component alone. These systems are referred to as first generation processes. The
difficulty of the cellulosic hydrolysis is evidenced in the recent prior art patents cited in the

20  background section which subject the cellulosic materials to high shear and long times to
break the fibers.

This specification discloses a hydrolysis process which does not need shear and hydrolyze
the cellulose in a very short time.
25
This specification therefore discloses a process for the hydrolysis of high dry content
biomass comprising the steps of contacting a feedstock comprised of biomass having both
dry content and water with at least a portion of a solvent comprised of water soluble
hydrolyzed species; wherein at least some of the water soluble hydrolyzed species are the
30 same as the water soluble hydrolyzed species obtainable from the hydrolysis of the
biomass, maintaining the contact between the feedstock and the solvent in the presence of

a catalyst composition at a temperature in the range of 20°C to 95°C for a time in the range



bi omass, nmaintaining the contact between the feedstock and the solvent in
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It is further disclosed that at least a portion of the catalyst composition be contacted with

the feedstock prior to, immediately at, or after contacting the feedstock with the solvent .

It is further disclosed that the ratio of the biomass to water of the feedstock can be greater

than 1:6, or greater than 1:5, or greater than 1:4, or greater than 1:3, or greater than 1:2.5,
20  or greater than 1:2, or greater than 1:1.5 or greater than 1:1 or greater than 1:0.9.

It is further disclosed that the amount of biomass to water in the feedstock be in the ratio
ranges of 1:4 to 9:1; 1.3.9 to 9:1, 1:3.5 to 9:1, 1:3.25 to 9:1, 1:3 to 9:1, 1:2.9 to 9:1, 1:2 to
9:1,1.15t09:1, 1:1 to 9:1, and 1:0.9 to 9:1.

25
It is further disclosed that the ratio of the weight of the solvent contacted with the feed
stock to the weight of the feedstock at the moment of contact can be in any one of the
ranges of 1:99 to 99:1, 10:90 to 90:10, 20:80 to 90:10, 30:70 to 90:10, 40:60 to 90:10,
50:50 to 90:10, and 60:40 to 90:10.

30
It is further disclosed that the catalyst comprises an enzyme and the enzyme is capable of

converting a compound in the biomass to a sugar or low molecular weight sugar polymer.



50:50 to 90:10, and 60:40 to 90:10. It is further disclosed that the
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It is further disclosed that the process could be a continuous process wherein the feedstock
of the at least one feedstock stream which is not the first feedstock stream and the solvent
of the first solvent stream are continuously introduced into a vessel already containing the
solvent stream, the catalyst composition is continuously introduced into the vessel, and the
20  hydrolyzed product is continuously removed from the vessel, wherein the weight of the
hydrolyzed product removed during a specified amount of time is equivalent to the weight
of feedstock plus the catalyst composition plus the weight of all the other materials other

than the solvent introduced into the vessel during the specified amount of time.

25 It is further disclosed that the processes could have a pre-mixing step based upon a recycle
loop of the product solvent stream wherein a portion of the solvent is mixed with at least a
portion of the feedstock prior to introduction to the vessel and all ratios of the solvent to
the feedstock are based upon the total amount of solvent which is the amount of solvent in
the vessel plus the amount of any solvent mixed with the at least a portion of the feedstock

30  stream.

It is further disclosed that the solids be separated from the hydrolyzed stream and the solids



portion of the feedstock prior to introduction to the vessel and all ratios
of the solvent to the feedstock are based upon the total anpbunt of sol vent
whi ch i s wbeosmstsvt of solvent in the vessel plus the amownB2mé/ozald sol vent
m xed with the at |least a portion of tiee feedstock stream It is further

di scl osed that the solids be separated fromthe hydrol yzed stream and the
solidsoptionally recycled into the hydrolysis vessel. It is disclosed that
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2 is a schematic of a continuous hydrolysis process wth a recycl e [ oop.
Figure 3 is a schematic of a plug flow continuous process. Figure 4 is a

schemat i 3 ol ysis process. - Figure 5 is a schematic of one
enbodi rre% B aéte &I{]Omégdp“){ Scess showi ng treatment with excess catal yst.
Figur® 6 depicts the type of apparatus used to conduct the experinents.

Figure 7 is a_schematic_of a continuous hydrolysis process with separation

of the solidsFIge hes hgdewaleoka sandigueys hydealysis Bi@cessscri pti on This process
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hydrol yzed products.fromthe bjo S, so doing, the practioner nmay avoid
the use of spgtﬁ“a?imﬁsma%#%gﬁﬁ?@#r SELTUFSi xi ng described in the
prioroart propgad S isTHRCRMARSSE BRI eibonidht Fhe Sprdvel prBtesd shERhpt OCK.
The feedstock is conprised of biomass having a dry content and wat er.
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Figure 7 is a schematic of a continuous hydrolysis process with separation of the
solids in the hydrolysis product.
15

Detailed description

This process utilizes the discovery that the enzymatic hydrolysis of cellulose can occur
very rapidly and thus optionally avoiding shear and excess water when the hydrolysis is
20  done in the presence of a substantial amount of already hydrolyzed products from the
biomass. In so doing, the practioner may avoid the use of special mixers and the high costs

of mixing described in the prior art proposals.

The process begins with the selection of a feedstock. The feedstock is comprised of

25 Dbiomass having a dry content and water. Usually the water is not free water, but is water
absorbed into the biomass itself. This biomass is often expressed according to its dry
content (non-water). A 20% dry content biomass corresponds to a biomass that has 80%
water and 20% non-water, or otherwise solid content. The term biomass and water is the
dry content of the biomass plus the absorbed and free water and water which may have

30 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.



content (non-water). A 20%dry content biomass corresponds to a bi omass
that has 80% water and 20% non-water, or otherw se solid content. The term
bi omass am0 208EB8130s the dry content of the biomass pl ugcrhB20atyssirized and
free water and water which may have be&dn added. For exanple, the anmount of
bi omass plus water for 100 kg of biomass with 20% dry content is 100 kg.
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is essential for the hydrolysis react’ ere es suit or
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15 The process described herein is believed capable of handling an almost 100% dry content.

Recognizing of course, that some water is essential for the hydrolysis reaction.

Therefore, ranges suitable for this invention are biomasses having dry contents of greater
than 18%, 20%, 21%, 25%, 26%, 30%, 31%, 35%, 36%, 40%, 50%, 60% and 80% with an
20  upper limit of 80%, 90%, for each lower limit.

The preferred distribution of fiber and particle sizes of the biomass may involve the ranges
of 0-150mm, preferably, 5-125mm, more preferably, 10-100mm, even more preferably 15-
30 to 90mm or 20-80mm and most preferably 26 to 70mm.

25
The preferred distribution of fiber and particle sizes is defined as at least 20% (w/w) of the

biomass ranging within the preferred interval.

An advantage of this process is that it can be conducted without adding an inorganic acid
30 preferably selected from the group consisting of sulfuric acid, hydrochloric acid,
phosphoric acid, and the like, or mixtures thereof or without lignin solubilizing organic

solvents such as those selected from the group consisting of carbon, cetones and acetones



The preferred distribution of fiber and particle sizes is defined as at
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acid, hydrochloric acid, phosphoric acid, and the like, or mxtures thereof
or V\,i thout lignin sol ub| | i zi ng organic soI vents such as those selected from
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reaction can be done at atmospheric pressure. Alternatively, it is believed
that the tenperature can be raised so that the reaction can be done with or
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termli gpﬁcel | ul ose. Pol ysacchari de-contai ning bionass isS a generic term
that includes both starch and |ignocellul osic bi omasses. Therefore, sone
types of feedstocks can be plant bionmass, polysaccharide containing

bi onass, and |ignocel |l ul osic biomass. To be clear, in this specification, a
| i gno- cePlagt bivimas$ isoarpsefemerd feedstocky Apart fmntsaaarch geathrde. mdjt som;tmmamlm S

rimari l ned at secqnd n h roductlonwhret
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starch, beclhaym thisspacifibativana &gho-oéllulosiGbiatmaks maf opmhas ot conta'ﬁiﬂ stbﬁ:hl ess than
75% by weight of the dry content.. There is no preferred starch range as
its presence is not believed to affect the hydrolysis of the

15 This process is primarily aimed at second generation hydrolysis production where the
ligno-cellulosic feedstock contains greater than 5% by weight of the dry content of
cellulose. While 5% by weight of the dry content is a preferred amount, an even more
preferred amount is a cellulose content greater than 10% by weight of the dry content of
the feedstock, with greater than at least 15% by weight of the dry content of the feedstock

20  being most preferred.

While the feedstock can be free of starch, substantially free of starch, or have a starch
content of 0. Starch, if present, can be less than 75% by weight of the dry content.. There
is no preferred starch range as its presence is not believed to affect the hydrolysis of the

25  cellulose. Ranges for the starch amount, if present, are between 0 and 75% by weight of
the dry content, 0 to 50% by weight of the dry content, 0 to 30% by weight of the dry
content and 0 to 25% by weight of the dry content.

A pre-treatment is often used to ensure that the structure of the lignocellulosic content is
30 rendered more accessible to the catalysts, such as enzymes, and at the same time the
concentrations of harmful inhibitory by-products such as acetic acid, furfural and

hydroxymethyl furfural remain substantially low.



cel lul ose. Ranges for the starch anount, if present, are between 0 and 75%
by weight of the dry content, O to 50% by wei ght of the dry content, O to
30% by wewgimwioafi3tshe dry content and O to 25% by wei ght Pofi/IBlgo/ds1¢13cont ent .
A pre-treatnent is often used to ensuré® that the structure of the

l'i gnocel lul osic content is rendered nore accessible to the catalysts, such
as enzynes, and at the sanme tinme the concentrations of harnful inhibitory
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inply subjecting the lignocellulosicC materia eratures ween

110- 250Cteperatumy bgtweea 140-250R6 fandt @} méxe.gacti on Ml ti stage dilute acid
hydrol ysi s, which renoves dissolved material before inhibitory substances
are formed Dilute acid hydrolyses at relatively |ow severity conditions
Al kal 5 ne Hettvateriegi@adtion St eam expl osi on Al npost any pre-treatnent with
subsequent detoxification If a hydrothermal pre-treatnment is chosen, the
followi ng conditions are preferred: Pre-treatnment tenperature: 110-2500C,

preferab ; - 230 referably .140-2200C,
nore pr e%lgﬁlg%g?g&ezﬁ%%%yafﬁ.ﬁ%’ ?)Jraié%}é grgnglloég’slgﬁggg%g?ate inbe?%%emgﬂ%étf’@'r ably
170- 20006nbstangessare forefedr abl y 180- 2000C. Pre-treatnent time: |-60nin,

preferably 2-55mn, nore preferably 3-50mn, nore preferably 4-45m n, nore
preferably 5-40mn, nore preferably 5-35min, nore preferably 5-30mn, nore

prefHbabmu&-miurog?éseatpélgﬁﬂlﬁwse%eﬁ&%ﬁdﬁpﬂs most preferably 5- 15m n.
er

Dry matter content a pre-treatnent I's preferably at |east 20% (w w).
O her preferable

Alkaline wet oxidation

Steam explosion
15

Almost any pre-treatment with subsequent detoxification
If a hydrothermal pre-treatment is chosen, the following conditions are preferred:

20  Pre-treatment temperature: 110-250°C, preferably 120-240°C, more preferably 130-230°C,
more preferably 140-220°C, more preferably 150-210°C, more preferably 160-200°C, even
more preferably 170-200°C or most preferably 180-200°C.

Pre-treatment time: 1-60min, preferably 2-55min, more preferably 3-50min, more
25  preferably 4-45min, more preferably 5-40min, more preferably 5-35min, more preferably
5-30min, more preferably 5-25min, more preferably 5-20min and most preferably 5-

15min.

Dry matter content after pre-treatment is preferably at least 20% (w/w). Other preferable

30  higher limits are contemplated below.

Polysaccharide-containing biomasses according to the present invention include any



higher limts are contenpl ated bel ow. Pol ysacchari de-contai ning bi omasses
according to the present invention include anymaterial containing polyneric
sugars e.Wo 20r/t1Bsof orm of starch as well as refined sta&cthB2oaebiuiose and
hem cel | ul ose. However, as discussed eg{lier, the starch is not a primry
conponent. Rel evant types of bionmasses Tor hydrolysis and m xi ng accordi ng
to the present invention may include bi omasses derived from agricul tural
crops such as e.g:: containing grains; corn stover, bagasse, straw e.qg.
fromri Cmateﬂababntamm palgineribanigay e.gr Bpthe form @futirch ab@eR ae refindde@irch,

pot at o. ?t]ﬁ* gno-cel | ul osi ¢ hi omass feedstock is preferably from:t he
famly u$ 1<PS§; % hesgicgiiasse sHowRerprt dispusigthaarier, ithie Staeshi 15y00k foMwMaLy
Poaceae g§m, ﬁr@?ﬂ neae in the Class Liliopsida (the nonocots) of the
flowering plants. Plants of this famly are usually called grasses, and

I ncl ude banboo. There are about 600 genera and sone 9, 000-10,000 or nore

speci gs Qf. grasses ew | nde rid ass Speci gs). Poaceae jncl udes the
st apli gﬁld’%? VP O&Krmo@ﬁs%?orgﬁyé B, ACPOT ’ég {Rothe PreseRiRVERIPF or age

grasses, g qnaeagoa?m ReagaARAIRAES ‘{uytum\sﬁgggﬁéh SRR Sehify b ¥ he

whi ch are pl ugged 1d) at inter cal e pol

cul m at smvcrh bhmmstram sg. frémasee, lvdwat syqraat, ljsanbblj papaJ sargmahetubdisse.gchous
(in one an‘éﬁ rarely spiral, and parallelveined. Each leaf is
differen et Pnto a | ower sheath whi ch hugs the stemfor a distance and a
blade with margins usually entire. The |eaf blades of many grasses are
hardened with silica phytoliths, which hel ps discourage grazing animals. In
somel@r asbe bgl(l%gd}ul@ssc bporass @pé&t@gk is pieferabli dom the faie ysujﬂlytdaklecbglasxs bl ades

sharp en h to cut ranou enda ri.n f .hairs,
cai | 6t RS Progy §ifhg 111E i iop (AN H A Y S BRVERC R S igidh o
prevent i ABnBEtSr ofothe | MSRFInS dﬁléﬁwn P bﬁt}hi\ﬁmlulst aret iQalby ealldd graiswes sadd ades
grow at the base of the blade and not fromelongated stemtips. This | ow

growt h poiichidedasbped Thererase ploais S0P generaAnd gomsi Hel0s-16.000 Hr Inepre spedessels t o
be gr azegragses (Kew Index of World Grass Species).
15
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-
20  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

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

Grass blades grow at the base of the blade and not from elongated stem tips. This low
growth point evolved in response to grazing animals and allows grasses to be grazed or
mown regularly without severe damage to the plant.

30
Flowers of Poaceae are characteristically arranged in spikelets, each spikelet having one or

more florets (the spikelets are further grouped into panicles or spikes). A spikelet consists



mown regul arly w thout severe damage to the plant. Flowers of Poaceae are
characteristically arranged in spikelets, each spi kel et having one or nore
florets (wbeonpilBsBbets are further grouped into panicl epConBapi/kBg)3 A

spi kel et consistsof two (or sonetines ffjewer) bracts at the base, called
glunmes, followed by one or nore florets. A floret consists of the flower
surrounded by two bracts called the lemma (the external one) and the pal ea

(the internal). The flowers are usually hermaphroditic (nmize, nonoecious,
i s an exefefd tom)sometimssifewerhbrasts atsthe basss callgd ghymenfelowed bywae orfaore
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be nodi f &aensesid) and The paled (A diterhbl) UTHd flewers Ardesualtg hemnfaphhelificragsizan t he
| eft, portraying a wheat (Triticum aestivun) spike. The fruit_ of Poaceae is

a car yopBioBogoioushiscn exgeptipadand peliingtipnrig glsepst always apgrpephilgys. Themgriantlis  not
separabl ony i as. i [ r I
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caespi t opsiga; théselaghpdrRidlySinfeRstetelita beaiodificd stpals.SThic eafiplek strbctugraades |ies
in part 1 n their norphol ogy and growth processes, and in part in their
physi ol otficaan theiigage pp the lﬁé»sﬁormyl{l&éW@P%?@é’“éﬂ’??ﬂ@’”f”?lfﬁkgm physi ol ogi cal
groups, using the C3 and C4 photosynt hetic pathways for carbon fixation.
The C4 grasses have a photosynthetic pathway |inked to specialized Kranz

| eaf anaTheaftuitlfiPopeat iscidarydpgisan syhiich theeeedicoatisfusetl itorthieduitwall amd thus,

at nrosphere | ow jin carbgn di oxi.de C31 grasses are referred to as "cool

seasbh grelseparablgdromuitéas ijatpgize kemeldonsi dered "war m season grasses”.
Grasses may be either annual or perennial. Exanples of annual cool season
are wheat, rye, annual bluegrass (annual neadowgrass, Poa annua and oat).
Exanpl esThérepees thmed ganerad olassiBeations af growitl habitipresens in grassess bunch-type(algoi s

gl onerat a),, ,fescue (Festuca s . . Kent ucky Bl uegrass and perennial ryegrass
(Lol i um ﬁ%kéﬁﬁ%%ﬂoglaﬁ@PB%YB?SDgﬁ{é}éﬁO%g% season are corn, sudangrass and
pearl mllet. Exanples of Perennial Warm Season are big bl uestem

i ndi angrass, bernudagrass and sw tchgrass. )
15~ 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.
20
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 seasbn are orchardgrass (cocksfoot, Dactylis glomerata),
25 fescue (Festuca spp), Kentucky B'luegrass and perennial ryegrass (Lolium perenne).
Examples of annual warm season a;re corn, sudangrass and pearl millet. Examples of

Perennial Warm Season are big bluestem, indiangrass, bermudagrass and switchgrass.

One classification of the grass family recognizes twelve subfamilies: These are 1)
30 anomochlooideae, a small lineage of broad-leaved grasses that includes two genera
(Anomochloa, Streptochaeta); 2) Pharoideae, a small lineage of grasses that includes three

genera, including Pharus and Leptaspis; 3) Puelioideae a small lineage that includes the
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used in fnifRAIEFegbdn¥iof BbthienlispHeRsk, and grass roots stabilize the sod of
sod houses. Arundo is used to make reeds for woodw nd i nstrunents, and

banmboo is used for innunerable inplenments. Therefore a preferred

| i gnocel L,ul.osic _bi omass i s sgl ect.ed om t.he gro consi.sti of the

o asses., AR EDkat RS “phiacln ek deie rt au [t c eI oo e Fommie | <
sel ect edcdredliufeifoedWwRb a6 @ il (cova). 0Of hlid Broph, 2045 afe@rAB&H. N t0 the Poaceae
or Gamneae famly. In nost instant the starch will not have been

extrbtted. Thus another preferred |ignocellul osic

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

20  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. In most
25 instant the starch will not have been extracted. Thus another preferred lignocellulosic
biomass is one selected from the gl;bup consisting of the grasses which have not had the
starch extracted. Alternatively phrased, the preferred lignocellulosic biomass is selected
from the group consisting of the pl"ants belonging to the Poaceae or Gramineae family
which has not its starch extracted. Extracted is different from removed. The corn plant has
30 the ear and the stover. Removal of the ear removes the primary starch component but is
not extracting the starch. Extracting the starch is separating the starch from the cellulosic

starch composition through a chemical or physical process other than cutting or chopping..
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The prevalent understanding of the cellulolytic system divides the cellulases into three
classes; exo-1,4-p-D-glucanases or cellobiohydrolases (CBH) (EC 3.2.1.91), which cleave
off cellobiose units from the ends of cellulose chains; endo-1,4-B-D-glucanases (EG) (EC
20 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 and the afore mentioned cellulases are specific examples, as well

25  as those mentioned in the experimental section, of catalysts for the hydrolysis of cellulose.

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,
30 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 systems may involve among others,
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one t fid fajaes, an H)éhqsly 1 iglrgs/tqgreéhent used to introduce the catalyst to the

process. As discussed above, the catalyst may comprise at least one enzyme or
microorganism which converts at least one of the compounds in the biomass to a
compound or compounds of lower molecular weight, down to, and including, the basic
sugar or carbohydrate used to make the compound in the biomass. The enzymes capable of
20  doing this for the various polysaccharides such as cellulose, hemicellulose, and starch are

well known in the art and would include those not invented yet.

The catalyst composition may also comprise an inorganic acid preferably selected from the
group consisting of sulfuric acid, hydrochloric acid, phosphoric acid, and the like, or
25  mixtures thereof. The inorganic acid is believed useful for processing at temperatures
greater than 100 °C. The process may also be run specifically without the addition of an

inorganic acid.

It is typical to add the catalyst to the.process with a carrier, such as water or an organic
30 based material. For mass balance purposes, the term catalyst composition therefore
includes the catalyst(s) plus the carrier(s) used to add the catalyst(s) to the process. If a pH

buffer is added with the catalyst, then it is part of the catalyst composition as well.
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While the hydrolysis can utilize the solvent contact processes embodied in Figures 1-4, a

preferred embodiment with improved efficiency and rate of hydrolysis can be substantially
improved by using fresh catalysts. It is believed that over time, a portion of the catalyst in
the catalyst composition in embodiments 1, 2, 3 and 4 will degrade over time.

20
The process proposed in Figure 5 splits, or apportions the biomass 3, stream 1 into a least
two streams, with the first feedstock stream la being hydrolyzed in vessel 15 with an
excess amount of catalyst introduced in a catalyst composition through stream 2, optionally
without the use of the solvent process. After hydrolyzing the first feedstock stream la in

25  the presence of excess catalyst in stream 2, the hydrolyzed product 4 is removed from
vessel 15 and known as the solvent of the first solvent stream. The first solvent stream 4 is
then combined with at least a portion of the remaining feedstock of feedstock stream 1b
and the solvent hydrolysis process begins in vessel 16. Vessel 16 could correspond to any
of vessels 10 in Figure 1, Vessel 10 or 11 in Figure 2, Vessel 12 in figure 3 and Vessel 13

30  in Figure 4. The hydrolyzate product 6 is removed from the vessel as stream 5.
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given enzyme is the amount of enzyme needed to release 2.0 mg of reducing sugar as

glucose from 50 mg of filter paper f;om a Whatman No. 1 filter strip (4% conversion) in
60 minutes at 50 °C and has been designated as the intercept for calculating filter paper
cellulose units (FPU) by International Union of Pure and Applied Chemistry (IUPAC)
20  guidelines. Cétalytic activity for any of the processes could be in principle supplied in any
conceivable form including the addition of microorganisms giving rise to enzymatic
activity corresponding to 0.001-150 FPU/g dry matter, preferably 0.001-25 FPU/g dry
matter, pre%erably 0.01-20 FPU/g dry matter, more preferably 0.2-16 FPU/g dry matter,
more preferably 2-30 FPU/g dry matter and most preferably between 4 and 25 FPU/g dry

25  matter.

In the hydrolysis step of Fig 5 (vessel 15), the amount of catalyst or enzyme added to the
first feedstock stream is in the ranges of 0.001-150 FPU/g dry matter of all the feedstock
streams, preferably 0.001-15 FPU/g dry matter of all the feedstock streams, preferably
30  0.01-30 FPU/g dry matter of all the feedstock streams, more preferably 0.1-30 FPU/g dry
matter of all the feedstock streams, more preferably 1-25 FPU/g dry matter of all the
feedstock streams and most preferably less than 20 FPU/g dry matter of all the feedstock
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the first solvent stream into the vessel. Processes 1, 2, 3 and 4 are just some types of the
processes that could be used to hydrolyze the remaining feedstock streams (those streams

which are not the first feedstock stream).

20  Because the first solvent stream has catalyst that has only been used once and in excess, it
is believed to better hydrolyze the remaining streams, because the remaining feedstock
streams are subsequently contacted with fresher catalyst than would be used in processes

shown in Figures 1 through 4 without the pre step of process shown in Figure 5.

25  As shown in Experiment No. 5, the feedstock was divided into two portions, with the first
portion being treated with the amount of catalyst that would be used were the two portions

to be treated together.

For all processes it is also common to control the pH at the optimum conditions for the
30  enzymatic catalytic activity in the range of 3-12, such as 5- 10, such as 6-9, such as 7-8
and preferably 4-11.
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joins the solvent in the solvent, it is not considered part of the solvent for the purposes of
15  calculating the ratios of solvent to feedstock, which in the case of Figure 4, is calculated

when the feedstock enters the vessel and contacts the solvent.

In practice, the solvent for the solvent stream will generally come from the previously
hydrolyzed biomass. If one, for example, separates the hydrolyzate from the enzymes,
20  buffers, insolubles, etc, then the hydrolyzate is the solvent. The solvent stream should
comprise water soluble hydrolyzed species, wherein at least some of the water soluble
hydrolyzed species are the same as the water soluble hydrolyzed species obtainable or that
could be obtained, from the hydrolysis of the biomass feedstock. For example, a preferred
mode of operating the batch process of Figure 4 is to keep a portion of the batch in the
25  vessel to use as the solvent for the following charge. In the continuous process, such as a

continuous stirred reactor (CSTR), the solvent is constantly available.

It is well known that in the continuous reactor, the feedstock and catalyst are continuously
introduced into the vessel and the product continuously removed. However, the
30 continuously does not always mean without starts and stops, a constant drip for instance is
considered a continuous feed yet it is not an exact continuous feed as there are moments

when the feed is not continuous. Therefore in the context of the continuous reactor, the
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bases added during the reaction and other compounds that are present in the solvent.

The process includes a moment of contact, defined as when the feedstock and the solvent
are brought together. In the batch process as shown in Figure 4, this moment of contact
20  occurs when feedstock stream 3, enters the vessel 13 through line 1, and contacts the

solvent stream 4 in the bottom of the vessel.

The point of addition of the catalyst composition relative to the contact is not so critical. It
can be added to the feedstock stream before the moment of contact of the feedstock with
25  the solvent. It can be added simulténeously at the moment of contact of the feedstock with
the solvent, or it can be added after the moment of contact of the feedstock with the
solvent. It can also be added to the solvent stream prior to adding the feedstock stream to
the solvent stream. It can also be apportioned and added during any combination of the
three stages relative to the moment of contact.
30
The amount of catalyst to be added is easily established from the art and is added on the

basis of amount of catalyst per amount of dry content in the biomass, which depends upon
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An advantage of this process is that it can be conducted without adding an inorganic acid
preferably selected from the group consisting of sulfuric acid, hydrochloric acid,
phosphoric acid, and the like, or mixtures thereof or without the addition lignin
20  solubilizing organic solvents such as those selected from the group consisting of carbon,

cetones and acetones of 2 to 6 carbon atoms and mixtures thereof, methanol, ethanol.

The reaction continues for a period time until the desired end point is reached. This period
of time is known as the residence time or reaction time. While 5 minutes to 8 hours may
25  be a preferred range, other preferred residence times are 5 minutes to 16 hours, 5 minutes
to 24 hours, § minutes to 36 hours, 5 minutes to 48 hours, 5 minutes to 60 hours, and 5

minutes to 72 hours.

The residence time may cover a range of values. For example, the residence time may be
30  greater than 8 hours and less than 72 hours being a preferred range, with greater than 8
hours and less than 60 hours being another preferred range, with greater than 8 hours and

less than 48 hours another preferred range, with greater than 8 hours and less than 36 hours



preferably in the range of 20C and 99C, with 200C to 95C bei ng the nost
preferred. This tenperature is based upon the best tenperature for the
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desired endpoint. In this instance, the desired endpoint may al so be
expressed as

15  In the batch process shown in Figure 4, an amount of hydrolyzed product 6 is removed
from the bottom of the vessel and placed into the second vessel 14 for further processing.
The amount removed from vessel 13 is generally the same as the amount of materials
introduced into the vessel, thus leaving solvent in the first vessel to be contacted with yet
another batéh of feedstock and catalyst composition. However, in one embodiment, vessel
20 13 may be completely emptied and the feedstock and solvent added to the vessel at or near

the same time.

As shown in Figure 4, feedstock stream 3, comprised of biomass and water, is supplied
through feed line 1 to batch stirred tank reactor 13. The catalyst composition containing the
25  catalyst(s) is supplied through feed line 2 to reactor 13. The feedstock and catalyst
composition in phase 3 come into contact with the solvent phase 4, and are progressively
hydrolyzed. While shown as three distinct phases, the phases will actually be present as a
mixture throughout the vessel. After the desired amount of time, or residence time, or
reaction time, the liquid hydrolyzate or product of hydrolysis or hydrolysis product is
30  withdrawn from the reactor through valve 20 through product line 5, and fed to vessel 14
which could be used for the simult.éineous saccharification and fermentation. The liquid

hydrolyzate may not be completely liquid but may include some solids that have not yet



a percent of the biomasss avail able for hydrolysis. For exanple, if a 100
kg feedstock of biomass has 80 kg of biomass avail able for hydrolysis, the
desi red ewmdpoimiti3ize preferably reached when 45% of the Ppcomzgoesmail abl e
for hydrol ysis has been hydrol yzed, or22vore preferably when 55% of the

bi omass avail able for hydrol ysis has been reached, or even nore preferably
when 65% of the biomass avail able for hydrolysis has been reached. After
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variations.

A control parameter is the ratio of the weight of the solvent which includes the weight of
the dispersed solids, pH buffers, catalyst(s), carriers, buffer control(s) and anything else in
20 the solvent, to the weight of feedstock (the biomass plus water) in the feedstock at the

moment of contact of the feedstock with the solvent .

There is expected to be a ratio below which there is no, or only a limited, effect upon the
hydrolysis reaction. As a corollary, while there is theoretically no upper limit to the ratio,
25  there is a point where additional solvent stream has little impact on the hydrolysis rate and

merely increases the cost of the equipment through size and operating cost.

The amount of solvent used for a given amount of biomass is expected to depend at least
upon the dry content amount of the biomass (a high dry content weight expected to require
30  more solvent), the type of biomass and catalyst, the pH, the operating temperature and type

of mixing employed.



conposition introduced into vessel 13. The dashed |ines between vessel 13
and 14 depict that the anount renoved and placed into vessel 14 is
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ratio of the weight of the solvent to the weight of the bionmass plus water
in the reactor through line S in a specified time is equal to the rate plus catalyst composition plus

15  other materials that may have been added to vessel during the same specified period of

time.

The ratio of the weight of the solvent to the weight of the biomass plus water in the
feedstock at the moment of contact in this instance is the weight of the material in the
20  vessel plus the amount in any recycle loops and recycle tanks that recirculate into the
vessel (solvent ) to the instantaneous addition rate of biomass plus water added to the
vessel in common units of time. Those familiar with the continuous process will recognize

this ratio as the residence time.

25 For example, a vessel contains 400kg of solvent, for a residence time of 4 hrs. The
feedstock is added at 100kg/hr and the hydrolyzate product is removed at 100kg/hr. The
ratio is 400:100 or 4, or the residence time of 4 hrs. Therefore, for the CSTR the ratio is

the residence time.

30  Figure 2 shows the process of Figure 1 with a recycle stream. As shown in the figure,
biomass and water are supplied through feed line 1 to premixer 11, where they are

contacted with a portion of the solvent , liquid hydrolyzate incoming from line 7. The



feedstock at the nonent of contact is best explained by referring to the
enbodi nents. As shown in Figure 1, the feedstock stream 3 conpri sed of

bi omass amo 20s\B8130s supplied to conti nuous stirred tankcranmiensiats t hr ough
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15  This improvement is shown in Figure 7. In Figure 7, stream 5 is fed to a solids separation
device 12 to remove at least some of the solids and likely some of the liquid into solids
stream 9 with stream 5A being the liquid stream with some solids removed. As indicated
earlier, at least a portion of the solids stream may be optionally returned to the hydrolysis
vessel 16 or vessel 15. The separation does not necessarily have to occur before taking the

20  stream 9 before or after purging back to vessel 16 or 15, but preferably occurs prior to
passing the product stream 6 onto the next step. As shown in Figure 7, stream 9 may be
recycled back into vessels 16 or 15, may be completely removed from the process, or a
portion of stream 9 may be removed (purged) from the process and the remainder recycled

back to either vessel 15, 16 or both.

25
Devices to separate solids from a liquid stream are well known in the art and include but
are not limited to filters, cyclones, centrifuges, presses, decanters, gravity settling,
skimmers and the like. A preferred separation device is selected from the group consisting
of hydrocyclones and centrifuges.

30

By analogy, one skilled in the art can modify the plug flow process of Figure 3 to separate

at least some of the solids from stream 5.



bi omass and water are supplied through feed ine 1 to prem xer 11, where
they are contacted with a portion of the solvent , liquid hydrolyzate

i ncom ng woaemo/iieeo7. Them xture is supplied through | i mreTAB20a0/6518nt | NUOUS
stirred tank reactor 10. The catal yst 25onposition is supplied through feed
line 2 to reactor 10. Biomass is progressively hydrolyzed and the |iquid
hydrol yzate, or product 6 is wthdrawn fromthe reactor through exit |ine

5, which_jis then split into re | e str.eam 7 d oduct line.>5. anount
of mat er PEMulignshaye ﬁ%owfaﬁééﬁ%ﬁﬁyrfg"%%%?}e Sé?ﬁgf)@‘gc{ ??S@&gﬁ!éer 3Py zgF&lreﬁa is
equal t oy d3g Eﬁfg]?odﬁlcyén GRS AV etsidnAaRASE A kiven Bizb SeRbNaid refii@fck ainse @hlter t han
that com™ng 1yro l'ine 7/, that are added fo the vessel during the sane

speci f i ethcreasddony asfmu¢hnas 408%.ur t her enbodi nent of the process is depicted
in Figure 5, and which can be translated to the enbodi nents shown is to
separate sone or all of the solids fromthe Iiquid hydrolyzate. Dependi ng

upon NOWTRORRIELE thd & elghB @i the sblveith el welghtcaitHeebiomiassophis|wateefrutheed t o
t he hydrolysis vessel 16 or vessel 15 for further_ hydro]ysi I f the

S,
hydr ol ysfeedstecks ir8tisinstance js henweighteef therpateral;indhe ypssgbblug fag agronk of e
passi ng r t hSord ' in
P gur o 7> ety ok B3 In aBolEE e Wil L ok B B APRE ad RO RO o
renmove atvedseldftons howmr. afgainhthesedidahse imd alsokexipyessasitlee wfiot he |iquid into
solids stream9 with stream 5A being the liquid streamw th some solids
renmoved. As indicated earlier, at least a portion of the solids stream may

be opg | Pﬁg' ééﬁﬁﬂaﬁaﬁm&%ﬂ théte i e WRE Aot rdackR SeftlodiRerTas \ipsctdd #DFightes.
separatio oes not Tmecessarily have to occur before taki ng the stream 9
bef or e oRefeiting tpFigirad, ihikaprarens has| the @regess Of Righre gr e4re pasOPsidered i3

i gor e 7 POITIAS Hele GRS ot R ARt oh 1 Akt Of 0 PR ok

conpl et ekptoig@reepreligen fhandhoaE$Slefofn thepadstdl o). Ks stiowanin Figuny 3hehe
removed (purged) fromthe process and the remai nder rec%;gcd Fd black to either
vessel 1feedstaclostrpamil coptoiningsbogase pad Fratersis| sugrlid: Bye sdilinest e are

e oMl o O P31 Bl 6 Tl S b 1 ones
to réactor 12. Thé solvent stream’ is added to the materials ’through feed line 7, which is
diverted from line 5, which contains the hydrolyzed product. The ingredients form a slurry
which is progressively hydrolyzed and liquid hydrolyzate 6 is withdrawn from the reactor
through product line 5 and which splits into stream 7. The amount of product 6 removed

20  per unit time (rate) is equal to the rate plus catalyst composition 2 plus all other materials
other than that entering from line 7. The moment of contact is when the feedstock stream
contacts the solvent stream. The ratio of the weight to the weight of the biomass plus
water in the feedstock at the moment of contact in this instance is the weight of the

material in stream 7 per unit time to the weight of biomass plus water added to the vessel

25  per the same unit of time.

In the batch process shown in Figure 4 and described previously, the ratio of the weight of
the solvent to the weight of the biomass plus water in the feedstock at the moment of
contact in this instance is the weight of the material in the vessel (the solvent stream

30 marked as phase 4) to the weight of biomass plus water added per charge. If additional
solvent is added, it would be added to the weight of 4 already in the reactor.
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1 he feedstock can also be expressed as a minimum ratio, since it is believed that there is no

theoretical maximum value. Therefore, the ratio should be at least 0.8:1.0, or more

preferably at least 1:1, or even more preferable at least 1.2:1, with at least 1.5:1 being more

preferred, with 2:1 being even more preferred, and 3:1 being even more preferred.

20  Because the hydrolysis of cellulose is the central feature of the process, the ratio of the
solvent to the weight of the biomass plus water in the feedstock may be substituted by the
use of the cellulose and its hydrolysis products. As disclosed in the examples, none of the
hydrolysis products were removed prior to the introduction of the next successive amount
of feedstock. Thus, the ratio of the amount cellulose plus the amount of the products from

25  hydrolyzed cellulose in the solvent to the amount of cellulose in the feedstock are the same
as the ratios of the weight the solvent to the weight of the biomass plus water in the
feedstock. The amount of cellulose in the feedstock and solvent are easily determinable.
The amount of hydrolyzed products from cellulose can be determined by determining the
products in the solvent and subtracting the amount of those products that come from

30 hydrolysis of something other than cellulose or in the initial feedstock used to make the
solvent. For example, starch also hydrolyzes to glucose and other hydrolysable species in

common with cellulose. Therefore the amount of glucose and other hydrolysable species
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products which are known hydrolysis products of cellulose that are present in the feedstock

are to be substracted from those present in the solvent. Additionally, any products that
were derived from the hydrolysis of hemicellulose or starch or other non-cellulosic
material need subtracted from the solvent as well. This would include determining how
much starch was reduced to glucose and substracting that glucose.
20

Because the solvent is best used prior to separation of anything other than insolubles, the
relative composition the waters solubles in liquid portion of the solvent is the same as the
relative composition of the water soluble products of the hydrolysis of the feedstock
without separation of the water soluble components. While one can add water to dilute the

25  water soluble comnponents, their ampunts relative to each other remain the same.

These above embodiments are not designed to limit the specification or claims, as there are
many configurations available to one of ordinary skill, which include a series of continuous

vessels, or semi batch reactors or in combination with or without plug flow reactors.
30

Experimental trials of viscosity reduction



of feedstock. Thus, the ratio of the anmount cellul ose plus the anmount of
the products from hydrol yzed cellul ose in the solvent to the anpunt of

cel | ul osewpnotoe3fieedst ock are the sanme as the ratios ofcrhB2oaenyhis t he
solvent to the weight of the biomass pp8is water in the feedstock. The
amount of cellulose in the feedstock and sol vent are easily determ nable.
The anpunt of hydrol yzed products from cel lul ose can be determ ned by
determ ning the products in the solvent and subtracting the anmount of those
pr oductsLEf‘ CHMEYHLPPRBMShy dr ol ysi s of sonething other than cellulose or in
the initial feedstock used to nake the solvent. For exanple, starch also
hydr ol yzes to gl ucose and ot her hydrol ysabl e species in comobn with

cel | ul os@ idenitiealeflans eedches,avitiuthe fafowjhg gemeetan dharhdtenisticy (veolfigsl e speci esin
common with cel l ul osc(si, in the salvent would have to be at |east reduced by
the amount % hadt(rRRSI08 IAMETATH M This can be determined by know ng the
anou of a i om whi ch the sol vent was nade, the anount of
star(r;gh in ﬁlekggﬁa\%{eaﬁ%?&\})\f)fﬁg%i@ di fference being the anmount of hydrol ysabl e
speci es comi ngacketofor Hear exchadgeeflaidnill atdund Ghé 2dteral s@fadecar@XpitRns ewiths a
mnimumratio Qf the anount cellul ose plus the amobunt of the products from
hydrol yzed ceMdth®§8 ¢ the sol vent to the amount of cellulose in the

f eedst ock. Thj _aty .be at least 0.8:1.0, or nore preferably at

| east 1:1, 'orhi‘\‘}{e%;“ﬁgf’%‘%%ﬁle’ érable at least 1.2:1, with at least 1.5:1

bei ng nor e @r eder rvith gaskttand: skab) evithgS epetingsi(l ceitet holer fod stik@xdshaft] 4kedeng
even 6mre preferred. The exanples |listed hel ow would al so_establish a ratio
of atl|east g4haleste)add materigls or forsampling, st dprigg the tesisowillibe slosed &dth; hat

i n Exanmpl e 5, cm'b_l e increasing the ratio decreased the hydrolysis tine, the
i nprovenent was snaller with each additional anmount of solvent. It should
be pointed out that the ratio is exclusive to the cellulose and its

hydr ol ysi roducts. Thetrefore, the glucose and products ich are known
nyelr of 3o TEe PPB iRt rs e il i Win et A RE elairs (heoBhde e Bo o
be subst fARWEAS EorfiputdiRae Present in the solvent. Additionally, any

products that were derived fromthe hydrolysis of hem cellul ose or starch

or other non-cellulosic material need subtracted fromthe solvent as well.
Thi s ‘“D“bgnhgl&'aﬁ'gneA?’et erm ni ng how
D ("wingspan") = 0,136 m
S (blade width) = 0.01 m
H (anchor height) = 0.12 cm
20  C(clearance, blade-wall distance) = 0.007 m

D/T=0.907
D/S=13.6
T/8S=15

25  Configuration B:
in this configuration, the blades are inclined at 45 degrees for better scrape the wall
D ("wingspan") = 0,145 m
LS (blade width) = 0.0141 m
S (projection blade width) = 0.01 m
30 H (anchor height) = 0,145 cm
C (clearance, blade-wall distance) = 0.0025 m
D/T=0.967



much starch was reduced to glucose and substracting that glucose. Because

the solvent is best used prior to separation of anything other than

i nsol ubl ewp 20tve118B8bat i ve conposition the waters sol ubl eeCirnBloigosidizporti on

of the solvent is the sanme as the rel &% ve conposition of the water sol uble

products of the hydrolysis of the feedstock w thout separation of the water

sol ubl e corrponents Wil e one can add water to dilute the water soluble

cormponﬁ@ d§’nilr?l‘t§ anounts relative to each other remain the same. These

above e (4 s are not designed to |imt the specification or clains, as

there arg/ganysconfigurations available to one of ordinary skill, which

I nclude a series of continuous vessels, or sem batch reactors or I n

combi nation with or without plug flow reactors. Experinmental trials of

Vi scosi t C t n l.gl reactors, with

the f ol I)(‘j( tﬁg’“ﬁé Wc cﬁhggéal t‘erl s (ﬁc ?‘gélerhgt% St pé%?r'q%aﬁ%act or dianeter)
0. m Z (reactor height) = 0.30 m Jacket for heat exchange fluid all

around the |l ateral surface and bottom with a width o

heni - sph&¥pP élaftmtabbttbﬁ?nsueo%mmt@wngegtit@tnpswrebwmmhg wa@pehﬁk‘ng§ in 1

center rer shaft; 4 side holes to add materials or for

sanpl i ngﬁg?%gcwrdﬁérldle{ﬁg t he tests wll be closed with caps). The two reactors

are fitted with two different anchor agitators (A and B) to give the

fol |l ow \h\mon | gurations: Configuration A D ("wingspan") = 0,136 mS

(bl ade PS="0.01 mH (anchor height) = 0.12 cm

The starting materials used are pre-treated Sorgo and Arundo Donax. The materials were

stored at -18 ° C to prevent degradation.

The characteristics of starting materials are as follows:

15
Sorghum | Arundo
dry content %wt. | 20.41% | 30.39%
WIS %wt. | 16.01% | 24.51%
WSS %wt. | 4.40% 5.88%
solubilised solids / total solids | %wt. | 21.58% 19.34%
water %wt. | 79.59% 69.61%
glucose %wt. | 0.03% 0.10%
xylose %wt. | 0.34% 1.19%
cellobiose %wt. | 0.00% 0.00%
galactose %wt. | 0.00% 0.00%
arabinose %wt. | 0.00% 0.00%
formic acid %wt. | 0.00% 0.00%
acetic acid Y%wt. | 0.28% 0.58%
5-HMF %wt. | 0.01% 0.05%
furfural %wt. | 0.04% 0.19%
levulinic acid %wt. | 0.00% 0.00%
lactic acid %wt. | 0.00% 0.00%
glucolygomers %wt. | 0.23% 0.22%
§ xylolygomers %wt. | 1.48% 1.96%
2 | galactolygomers %wt. | 0.00% 0.00%
% | arabinolygomers %wt. | 0.00% | 0.00%
'g solubilised acetyl groups %wt. | 0.11% 0.29%
= | other solubilised %wt. | 1.89% 1.30%
« | glucans %wt. | 9.01% 13.65%




C (cl earance, bl ade-wall distance) = 0.007 mD/ T =0.907 D/ S =13.6 T/
S =15 Configuration B: in this configuration, the blades are inclined at
45 degr eewof0ro/higtsver scrape the wall D ( "w ngspan”) =proraBHionii$iy bl ade
width) = 0.0 141m S (projection blade s¢dth) = 0.01 mH (anchor height) =
0,145 cm C (cl earance, bl ade-wall distance) = 0.0025 mD/ T 0.967D/ S =
14.5 T/ S =15 Agitation is provided by Heidol ph RZR 2102 control notors
(power: 140 W. Twe—thernal—baths ensure the maintenance of fenperature by
circulating water|at |#5120€C in the reacto %vetc | 116% Bl b26%I s| The start i ng
material s used arp presletemt ed Sorgo and|2éwindl0.0Dknax| 0.00% nhterials were
stored at - 18 (to |prabitand degradati on] odhre | olvayAct es.0®%! Cp of starting
materials are as fol || awsolithised gcelyNEro¥Rt ef oS PloUby I TS B per cent age
(on the Itot al matpri iidaso¥amid 5 L Ne vat ewl@g Bobised s o jer cent ?get(on
the total materiaj). W5S—and —eggal—ito-th ry conten

val ue. The conpos )bg] ”’i‘q‘:ﬂ.ugl\i,ligu-s-t-t-c-s-:@e. ) ] %t L hg standard
anal ytical methods @™ol | oved procedud &swtal 4009886 e 19098 bn of
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WIS is the water unsolubilised solid percentage (on the total material).
WSS is the water solubilised solid p&centage (on the total material).
The sum of WSS and WIS is equal to the dry content value.

The compositional characteristics were determined using standard analytical methods, the

followed procedures are:

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

Determination of Extractives in Biomass
Laboratory Analytical Procedure (LAP) Issue Date: 7/17/2005
15 Technical Report NREL/TP-510-42619 January 2008

Preparation of Samples for Compositional Analysis
Laboratory Analytical Procedure (LAP) Issue Date: 9/28/2005
Technical Report NREL/TP-510-42620 January 2008

20
Determination of Total Solids in Biomass and Total Dissolved Solids in Liquid
Process Samples
Laboratory Analytical Procedure (LAP) Issue Date: 3/31/2008
Technical Report NREL/TP-510-42621 Revised March 2008
25

Determination of Ash in Biomass
Laboratory Analytical Procedure (LAP) Issue Date: 7/17/2005



Laboratory Anal ytical Procedure (t AP) Issue Date: 4/25/2008

Techni cal Report NREL/ TP-5 10-42618 Revi sed April 2008 Determ nation of
Extracti wee 201/BBBrass Laboratory Anal ytical Procedure @ecaRB2oigsiieisDat e:

7/ 17/ 2005 Techni cal Report NREL/ TP-5 103§26 19 January 2008 Preparation of
Sampl es for Conpositional Analysis Laboratory Analytical Procedure (LAP)

| ssue Date: 9/28/ 2005 Techni cal Report NREL/ TP-5 10-42620 January 2008
Determ nati,on qof Tot olids in Biomass and Total Dissolved Solids in

Li qui d P%@é@gﬁﬂﬁlt&{@l@grﬁpﬂz%\mww Procedure (LAP) |ssue Date:

3/ 31/ 2008 Techni cal Report NREL/ TP-5 10-42621 Revi sed March 2008

Determ nation of Ash in Bionass Laboratory Analytical Procedure (LAP) |ssue
Dat e: 7/ Deterodbatian of SagareByptoduels, A@-TegtadARMProluetsoinyLQUS Fraction

Det er m ni],tion Sf Sugars, Byproducts, and Degradation Products in Liquid
Fraction  PrSELRUMBEYp| es Laboratory Anal ytical Procedure (LAP) |ssue Date:
12/ 083 2006boraeiAGaivtiRg /, ary 2008 Determ nation
of Insol uble Sglﬁi dslyit n g?%%?@?&%@@?%ﬁ%ggng%g??gWLaborat ory Anal ytical

Pr ocedur éeqhnigay Repey DIREY/EP-500/42623 0i9®arye20Ri cal Report NREL/ TP-5 10- 42627
March 2008 The enzyme cocktail used has the follow ng characteristics,

mai nt ai ned constant for all tests: The cellul ase conpl ex enzyne preparation

is a sol Determiniion 6PLRbIBESS SR ik PPaE4al BISmaR Miepi ¢ Mmaterial to

gl ucose, _cel | obi ose and gl uco-oligonmers of higher nolecul ar weight.
Laboratory Analytical Procedure (LAP) Issue Date: 03/21/2008

10 Technical Report NREL/TP-510-42627 March 2008

The enzyme cocktail used has the following characteristics, maintained constant for all

tests:

Component volumetric composition | density | specific activity

\ % : g/ml |\

cellulase complex | 87.4% 1.08 100 | FPU/gomponent
xylanase 5.3% 1.2 500 | FXU/gcomponent
hemicellulase 6.6% 1.1 470 | FXU/gcomponent
enzyme complex |0.7% 1.2 100 | FBG/gcomponent
Total 100.0% 1.09

15
The cellulase complex enzyme preparation is a solution that catalyzes the breakdown of
cellulosic material to glucose, cellobiose and gluco-oligomers of higher molecular weight.
The enzymatic solutions hemicellulase and xylanase catalyze mainly the hemi-cellulose
depolymerisation to its constituents in the form of simple sugars or oligomers; moreover,

20  they show side catalytic activities to a lesser extent.

The enzyme complex is an enzyme solution that acts on various carbohydrates and shows

the ability to enhance the activity of the solution thus prepared.

25  The described cocktail has the following activities:



The enzymatic solutions hem cel |l ul ase and xyl anase catal yze mainly the

hem -cel | ul ose depol ynerisation to its constituents in the formof sinple

sugars orwol2ogorrer3g; noreover, they show side catal yti crattuBio/hH&agix o a

| esser extent. The enzyne conplex is a2 enzyne solution that acts on

vari ous carbohydrates and shows the ability to enhance the activity of the

solution thus prepared. The descri bed cocktail has the foll ow ng

activities:FPU is neasur dofihed—accordi he NREL Laboratory

Anal ytical Procedure (TecERramaticegektail agtivityTp- 510- 42628, January 2008).

Thi s nmet hod uses the indpgt Starrar e re s—the cellul ose activit
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conversion. One filter ppp&t unFBG/ml a| @i7Ven |dMG/ge | s the anount of
enzyne needed to rel ease-2- HeReg—stgar—as—gl ucose from 50 ngy of
filter paper froma Whatman No. 1 filter strip (4% conversion) in 60

ni nut es BPUSH Méasand HASIdReE a@@o?ﬂﬁlgitbetﬂe Wﬁbq,ajbﬂlra%ﬂ}zeﬂalift?d'al PRt | Ng

filter paper cellulose units (FPU) i ion of Pure an

| nt er nati ona
Appl i ed Qreehisalr eror UNREBL/GBi5d 8142028, Jaxyary2008). aEhis wdtlyod nsdsXbeiiadustysur ed

relative st apndard .with a. kno activity. A spectry t onet er
measur e %t%]ﬁ)q;a%&e‘ aggé%%ﬁ‘éﬁegﬁﬂe 8%1218951‘:%"31"3&18%@%5 8% nﬁ%%e‘ﬁf‘% Bﬁ%t gridar B"cur ve
obt ai e dmiiiyilidr astdéri gnsla(ildftted XehAMAS SolafoR! BSr GlidtitdteeDRbAE Wet bhzfme
remazol - st ai ned wheat arabi noxyl an substrate. Unconverted substraté is

preci pi t BiERYatiprsmBst g romparpdon; the bass of signifipani and eqeal cprgreion.tOre filter
super nat u I Di . | - jned e tjon
pr oduct Sﬁziﬂatgr glggp%?tﬁ %ﬁ%?g%ﬁggg%%oxy %n%ééﬂggﬁ Q/iée%igé%r%éﬁ?:%l %'Qﬁggrdof?i |l e
may var yrefincng engarrms glocosa fyome 50 \Mgaftfilter paper \fidity a(Whathgth=No. 1 filter strip
(4% conversion) in 60 minutes at 50 °C and has been designated as the intercept for
10 calculating filter paper cellulose units (FPU) by International Union of Pure and Applied

Chemistry (IUPAC) guidelines.

Xylanase activity in FXU is measured relative to an enzyme standard with a known
activity. A spectrophotometer measure on the supernatant described below is compared to

15  astandard curve obtained by standard samples.

Xylanase samples are incubated with a remazol-stained wheat arabinoxylan substrate.
Unconverted substrate is precipitated with ethanol. The intensity of blue colouring of the
supernatant due to unprecipitated remazol-stained substrate degradation products is
20  proportional to the endoxylanase activity. The colour profile may vary from enzyme to

enzyme.

Sample activity (FXU/g)=

C-F-D
Where:
C is enzyme activity read from the standard curve (FEXU/ml)
25  Fis volume of sample (ml)
D is further dilution of sample (e.g. second or third dilution)
W is weight of sample (g)



Where: Cis enzyne activity read fromthe standard curve (FXUm) F is

vol unme of sanple (mM) Dis further dilution of sanple (e.g. second or third
di | uti on)wd2om/meizght of sanple (g) One FBG i s the anountcofiBEn@y3m@ianhi ch,
according to the standard procedure (S#mwgyi Nel son net hod) descri bed

bel ow, rel eases glucose or reducing carbohydrate with a reduction capacity
equi valent to 1 nol glucose per mnute. Standard reaction conditions: A
sanpl e should be diluted to give an activity between 0.02-0. 10 FBG nl .
Substrate: 0.5% beta glucan Tenperature: 30C pH 5.0 Reaction tinme: 30
mn_Fungehe FEIQidihe GAAREOS GRGIS WAL Aedrdind t) AR stthlia d rdBBurk ISERbEA"
process to glucose or reducing carbohydrate which 1s determ ned as reduci ng
sugar. MYelsowemethpd) dasanibed rbeldwe, pileases @lucabei@r ofededingitcathohyimte with ias not

possi bl e se et er e to,the nature of the material), a IN buffer
sol uti onregﬁa(}:jqntcraﬁ?gég W?Vaéé"?gq gfnoéﬁ'@ﬁ?ﬁe RSt mi%(%?m the | oaded materi al
quantity, is used. Test No. 1 Material: Sorghum (described above). The

reactors were fitted (including mxers) and the heat exchange fluid is
br ought @@”ﬂ‘éﬁﬂ’é@@t"ﬂr‘f@n@lﬂsns-’C). The 2 engines were calibrated so as to

provi de (wgth terial 1 nky the.stirring pnerti stirring
speed of 12 r%%gfﬁenﬁ?lﬁhﬁlﬁ%ep%ﬂél&%&g gf%eani ﬁ%gﬁb(,h@me?f} b‘Qg'too %8&51?% equal to
0.0 N cm eBoStibstaeb3rsbegRichhl | ed with 1.5 kg of material just thawed,

and the stirring rate was
e Temperature: 30°C

10 e pH:5.0

o Reaction time: 30 min

Fungal beta glucanase reacts with beta glucan during the formation process to glucose or

reducing carbohydrate which is determined as reducing sugar.

15
Moreover, to maintain the pH to a value of about 5, since it is not possible to use a
pHmeter (due to the nature of the material), a 1N buffer solution of citrate, for a total
amount of 1% on the loaded material quantity, is used.

20 Test No. 1

Material: Sorghum (described above).

The reactors were fitted (including mixers) and the heat exchange fluid is brought to
25  temperature (45 ° C). The 2 engines were calibrated so as to provide (without material,
with only the stirring inertia) at a stirring speed of 12 rpm (minimum speed of the

instrument), a torque value equal to 0.0 N * cm.

Both reactors were filled with 1.5 kg of material just thawed, and the stirring rate was
30 started in order to homogenize the material. In none of the 2 reactors free water was

visible. The density of the material in these conditions was approximately equal to 600



started in order to honogenize the material. In none of the 2 reactors free

wat er was visible. The density of the material in these conditions was

appr oxi mawel2gioeigssh t o 600kg/ 8. Both systens of agitatipom/IBzo10/0A4130m

i ndi cated an overl oad (the provided toB4ue val ue was out of the neasuring

scale, at nore than 200 N cm. At tinmnet =0, in both reactors a solution

(total weight about 96 g) conposed as follows was added: 29.4 m of enzyne
| bed ahove, determ nped to provide an

cockt ai | 3h e ti desc

activity g’fﬁ ? “'t t:a%lgartﬂﬁfle% B, ppdjcatey 3@| QieHAad (the pivvidedtaraums as
the sum omuealah@btmﬁeﬁmS@ing%ealeldtﬂ%@ﬂﬁn'zooN‘ \) qui d phase and gl ucans
in the solid phase), and other activities are provided as a consequence.

This 20 FPU g glucans is approximately 9 FPU g total dry matter,
cal cul at t.h cont gnt o t he .f eed 1 of buffer
sol uti ong?clmt%rtatg’)lﬁgéh Sgcégﬁsﬁesa g 8\%’ %W&’@é?‘é tgaﬁgc?r&p‘hﬁgaéﬁgﬁfs WER S t he

totals maamieldal 48.5 grans of H2O, in order to dilute the enzyme sol ution

and mpro&g ]ts%fdl spersion; the amunt of water to be added is determ ned
so that 4 engyng cpekiail withdheenteppsitiapdescrihsdiabayid, detennmedtt@pravsdeequal

to about ax?’Qc{?\}?tfy dtfBe ﬁglm&g%ﬁgteﬁg{ 0 pgtgglal%ip e- treatlgq%a%rgé :S% fter

the addition, 'n each reactor € were

dry cont eﬂtob(asammgumohgmabwthemqaa/ophmemﬂr gaeaﬁemqhe %@m?H&s%s | 8 under
content could actuall

t he cover suggests t hat g@

stirringPEt ECHYALes;ane Proy aP@ cé?BﬁﬁSlPefl‘GOThE RO(FR3y/ gaglmanse; appronm)atelhé)

mat erg al Fp(]yi tdis1 no free water,
and the Ieve of (t&gged?rtg?gﬂéh a&!& oﬁh Egg%s?%?%m%ts&f?ﬁé f%‘Eez{v{%r’r%Ckas before (at
this statyéf. 5®am$raf bllffmisthtlby (maate)akmdﬁscrﬁiw dogliertnd detBatifed R 4bRAE1%ET €
carried ﬁfjtthe ! partal I1 mai ntai ning the agitation speed the sane in both
cases, t ?rfl?lan?ate was set equal to 12 rpmfor the first hour, then

rai sed to4®5s \@Arﬂﬁoiolf{qug ordéito Eﬁl@t@fh@&zﬂn@%ﬁﬁon%@ imiproVE it Qishson iR
raised to 180 rpm (for a few seconds) ’
amount of water to be added is determined so that the total solution to be added (H,O +

15 cocktail + citrate) is equal to about 30% of the dry content of the initial pre-treated

material.

After the addition, in each reactor there were 1.6 kg of total material, with a dry content
(calculated) of about 19.2%. The presence of condensation under the cover suggests that
20  the dry content could actually be higher. The stirring rate was increased to about 180 rpm
(for a while) to mix the material and the added solution. At this point, there was no free
water, and the level of the material in the reactor was the same as before (at this stage,

estimated density was about 650 kg/m®).

25  Both reactions were carried out in parallel, maintaining the agitation speed the same in
both cases, the stirring rate was set equal to 12 rpm for the first hour, then raised to a value
of 100 rpm. Every 60 minutes, the stirring rate was raised to 180 rpm (for a few seconds)

in order to homogenize the material.

30  Throughout the test, the measured torque on the engine of the reactor A is always lower
than the B one. After about 5 hours, the material in the reactor A had an appearance of

liquid (torque values of about 20 N ¢ cm at 100 rpm), while the other (although the reaction



in order to honogenize the material. Throughout the test, the neasured
torque on the engine of the reactor Ais always |lower than the B one. After
about 5 hworsio/tiBsomaterial in the reactor A had an appeararmao/edi4ii qui d
(torque values of about 20 N cmat 1085rpn), while the other (although the
reactionoccurred in part, as evidenced by the fact that the torque had
dropped to val ues of about 140 N cmat 100 rpm from nore than 200 N cm
initials})(?adasollda eargg}( fter further hour (t 6h), in which
the condPPTSied 1 Pafthas eyidenced By dhe fagt dhat e&&wm¢rappgﬂ @h\éﬁlﬂgeéd)fa&putthe
mat er i al 19 N-fén 6ERIU Hin, BrobloRiHBRI0FNICE |l halt /633 Splardrizee |1 qui d,

but still had a solid appearance) was | nser I'n the rea Af ter the
addition, agitation was set equal to 200 rpm for few seconds in order to

honogeni e r n hen ual t.o 100 r with a torque of
120 N czrﬂr\]%egnhad e?al!boﬁléaqan%é"t)’ofnt Fpaditigps in \}E‘F yWReteactors ate pet about

10 mi st amstmhellymm:ge@ohn fheGhigteN 0fQhd Asacf BORAMCH ﬁad?Q ligible RXdsd 6
mat eri al the aspect of a liquid, simlar to the one present In the

react or Ke?) Hb‘%‘g b otidl; Bad aTeelidt appearapes) svaspineetteds inethel@actonut.eAfieotte, when

the tor b at. 100 r en5|t af the

mat er i aﬂg&d&gg‘guglgﬁ gﬁat tﬁsa %gm %)SZ(M ‘%’ﬁ%"ﬁr% |Sﬁﬁ?®wn ﬂ‘%@ R SPme! e”l*é%fhel\lo 2.
Mat er i al maBoialhodtiaiestequabtd Hoaym) withheofg@aot 026 NWanE, dhll itheesbpehratbdish Ng

m xers) and t ﬂégpflt exchange fluid is brought to terrperature (45 C). The

2 engi neSwef Bryré dvedosolid. Iny apewsviGaninutes, Hb@:tmmuredutanquewaiue basl y the
stirro ngdiopgéd t S spee t he
st 1 unmaryPed 20 8- Bushid thedta SRR Ay fted the abiBet F FHIUR RBRRD S e e
react or, prgsendn therrdantort AdefmeradditiordiThie aess wab stoppéd dfter 10 niiaars ldﬁir@dwﬁdﬁ t he
sanme rea r|e th 5| lar results. The B reactor was
filled w eqo‘)ﬂ“% ﬁ‘b% g‘é‘f‘#;? “!Ao mﬂltmf csity Rbthe materialy mensueedect |
density altfthihyéﬁltk@é%prd}aﬁﬁté[}eﬁdoqgg%é at 100 rpmequal to about 15 N cm.
To this

15  Test No. 2.
Material: Sorghum (described above).

The reactors were fitted (including mixers) and the heat exchange fluid is brought to
20  temperature (45 ° C). The 2 engines were calibrated so as to provide (without material,
with only the stirring inertia) at a stirring speed of 12 rpm (minimum speed of the

instrument), a torque value equal to 0.0 N « cm.

In trial No. 2, in the A reactor, a test under the same conditions of test No. 1 (conducted in

25  the same reactor) was carried out, with similar results.

The B reactor. was filled with 1.5 kg of material coming from the test No. 1 (liquid aspect,
density of 1100 kg/m®, measured torque at 100 rpm equal to about 15 N ¢ cm). To this
material, 1.5 kg of sorghum pretreated (with the characteristics described in the previous
30  section, in particular dry content equal to 20.41%) and the same solution utilized in the test
No. 1 (about 96 g total) were added. The dry content, after the various additions, was

calculated to be equal to 19.2%. The presence of condensation under the cover suggests



material, 1.5 kg of sorghum pretreated (with the characteristics described
in the previous section, in particular dry content equal to 20.41% and the
sanme sol wopaniotidiznzed in the test No. 1 (about 96 g totral)iBrasesiattkded. The
dry content, after the various additi o3, was calculated to be equal to

19. 2% The presence of condensation under the cover suggeststhat the actual
dry content could be higher. The stirring rate was increased to about 150
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(for a f ew seconds) in order to hormgeni ze the material. During the test n
2, imMthe reactor B a significantly better result was achi eved respect to

t he test N% in which after 6 h |iquefaction was not yet reached. In
par ti cul BPth zeactions aergicanried oui inj pegallebwerintaining tthﬁeaglta@onespd@kithersatﬂcem

react or arance val.ue of torque at
100 rpm g%tga%gh?omg%gﬁ@ﬁaﬁgasase %‘%ﬁiﬁ rg)%} {%r}f e%’éﬂb ’A:‘%e‘f Fasete8 U8t val ue
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After about .7 hours of, t%qtln%%the material in the two reactors

simlar BPachighomogsrige § it was reached in the reactor B |n about
60%pf the tine. Conpositional analysis tests on the material obtained in
the reactor B (after 7 h) showed an enzymatic hydrolysis yield on glucose
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15 reactor A, the measured value was about 100 N « cm, and the material had an appearance
of a wet solid). After about 7 hours of testing, the material in the two reactors had a similar

appearance, but the result was reached in the reactor B in about 60% of the time.

Compositional analysis tests on the material obtained in the reactor B (after 7 h) showed an
20  enzymatic hydrolysis yield on glucose (respect to the total glucans) equal to about 25% and
on xylose (respect to the total xylans) equal to approximately 50 %. These values are

higher than those obtained in earlier trials of viscosity reduction.

Furthermore, on the final material a measure of pH was performed, and it was found to be
25  equal to 3.9. This value is lowér than the one that, according to the literature data, ensures

the highest enzyme activity (pH = 5).

Test No. 3

Material: Arundo Donax (described above).
30  The procedure followed in the test No. 3 was the same one used in the test No. 1 (trials
with Sorghum).



Test No. 3 Material: Arundo Donax (described above). The procedure foll owed
in the test.No. 3 was the sane one used in the test No. 1 (trials with
Sor ghum .wo 20tvee118180 reactors, each filled with 1.5 kg ofcpnBimeesies Arundo
(measured dry content equal to 30.49%,3no free water was visible. The
density of the material in these conditions was approximately equal to 600
kg/ n8. Both systens of agitation, at 12 rpm indicated an overload At tine

t =0, i oth reactors | ution (total weight about 140 g conposed as
fol | ows g%g“ea%’e&actom .ea‘%hﬁﬁséj wdthz L &@PHFE&CW%@I%%@@Y icoptent
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ot her activities are provided as a consequence. 17.3 grams of buffer

sol utionoY%Q[afiat e) as described above and determ ned to be about 1% of the
totalsmaterial. 78.4 grans of H2O, in order to dilute the enzyne sol ution

and i npr @y gind £=0j 8 R ﬁ@gp ' ] ned
so t hat the1 t ot aﬁj’ggﬁgti%ﬁct?fgrhgse&ad GQO%L\QI%%?%%%%%?' + C t*‘gg g?&ﬁs‘)&gequal
to about wa®edded:t he dry content of the initial pre-treated material. After
the additi,on, jn.each react.or . re were. 1.6 k f total nmateri al 1 th a
dry cont -eﬁ%?,'f (’Bgﬁpfcfiﬂzgpg &7 a@?l? %t&}[}ﬁe W%uoﬁhcgesﬁ%é’aélh Qs glpteggmg AQBIVHIF under
t he covehn a¢tpaBsdfhé beltuldsbRomplexGIPVFHU £8 ghikamCiniahing %}ﬁ‘calﬂ'b g5 e sulher
stirring rate was increased to about 180 rpm (for a iIle) to mx the

mat eb§ al cellpbiqsgeang gluep-aligamers in the liquid phassi #nd glupansdnythe salid phase).vender |

and the | gue . r i reactor was the sane as before (at
this stage, %Céﬁtﬁééggﬂgﬁigg%aﬁghssreg‘g%‘ﬁ? 650 kg/ n8).

* 17.3 grams of buffer solution (citrate) as described above and determined to be about 1%

of the total material.

* 78.4 grams of H,0, in order to dilute the enzyme solution and improve its dispersion; the
15  amount of water to be added is determined so that the total solution to be added (H,O +

cocktail + citrate) is equal to about 30% of the dry content of the initial pre-treated

material,

After the addition, in each reactor there were 1.6 kg of total material, with a dry content
20 (calculated) of about 27.8%. The presence of condensation under the cover suggests that
the dry content could actually be higher. The stirring rate was increased to about 180 rpm
(for a while) to mix the material and the added solution. At this point, there was no free
water, and the level of the material in the reactor was the same as before (at this stage,

estimated density was about 650 kg/m’).

25
Both reactions were carried out in parallel, maintaining the agitation speed the same in
both cases, the stirring rate was set equal to 12 rpm for the first hour, then raised to a value
of 100 rpm. Every 60 minutes, the stirring rate was raised to 180 rpm (for a few seconds)
in order to homogenize the material.

30

Throughout the test, the measured torque on the engine of the reactor A is always lower
than the B one. After about 6.5 hours, the material in the reactor A had an appearance of

liquid (torque values of about 20 N « cm at 100 rpm), while the other (although the reaction



Both reactions were carried out in parallel, maintaining the agitation
speed the sane in both cases, the stirring rate was set equal to 12 rpmfor
t he firstwbaoro/118t3en rai sed to a value of 100 rpm Ever pCcéaBminoiiess the
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15 TestNo. 4
Material: Arundo Donax (described above).

The procedure followed in the test No. 4 was the same one used in the test No. 2 (trials
20  with Sorghum).

In trial No. 4, in the A reactor, a test under the same conditions of test No. 3 (conducted in

the same reactor) was carried out, with similar results.

25  The B reactor was filled with 1.5 kg of material coming from the test No. 3 (liquid aspect,
density of 1100 kg/m®, measured torque at 100 rpm equal to about 15 N + cm). To this
material, 1.5 kg of pretreated arundo (with the characteristics described in the previous
section, in particular dry content equal to 30.4%) and the same solution utilized in the test
No. 3 (about 140 g total) were added. The dry content, after the various additions, was

30 calculated to be equal to 27.8%. The presence of condensation under the cover suggests
that the actual dry content could be higher. The stirring rate was increased to about 150

rpm (for a while) to mix the material. At this point, the homogenized material had an



density of 1100 kg/nB, neasured torque at 100 rpmequal to about 15 N cm.
To this material, 1.5 kg of pretreated arundo (wth the characteristics
descri bedworeotohe3poevi ous section, in particular dry comrCenB2agoEkix o
30.49% and the sanme solution utilized B% the test No. 3 (about 140 g total)
were added. The dry content, after the various additions, was calculated to
be equal to 27.8% The presence of condensation under the cover suggests

t hat the actual, dr.y conte coul d be higher. The stirring rate wa
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particular dry content equal to 30.4% were added.

a wet solid). After about 8 hours of testing, the material in the two reactors had a similar

15  appearance, but the result was reached in the reactor B in about 75% of the time.

Test No. 5

Material: Arundo Donax (described above).

20
The B reactor was filled with 1.5 kg of material coming from the test No. 3 (liquid aspect,
density of 1100 kg/m’, measured torque at 100 rpm equal to about 15 N ¢ cm). To this
material, 0.5 kg of pretreated arundo (with the characteristics described in the previous
section, in particular dry content equal to 30.4%) were added.

25

At time t = 0, in both reactors a solution (total weight about 46.5 g), composed as follows,

was added:

* 14.7 ml of enzyme cocktail with the composition described above, determined to provide

an activity of the cellulase complex of 20 FPU / g glucans (meaning glucans as the sum of
30 cellobiose and gluco-oligomers in the liquid phase and glucans in the solid phase), and

other activities are provided as a consequence.



At timet =0, in both reactors a solution (total weight about 46.5 g),
conposed as follows, was added: 14.7 ml of enzyne cocktail wth the
conposi t iwo 2desasisbed above, determi ned to provide an aeciruBioo/oedi4tzhe

cel lul ase conplex of 20 FPU / g gl ucangy (neani ng gl ucans as the sum of
cel | obi ose and gl uco-oligoners in the liquid phase and glucans in the solid
phase), and other activities are provided as a consequence. 28.8 grans of
buffer solution (citrate) as described above and determi ned to be about 5%
of the t o288 gramepf huffer sglutiogeitrated pdedgrib¢dabove end desemiined to behabosh5Yme
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15  The reaction was carried out maintaining the stirring rate equal to 100 rpm for the first
hour, Every 20 minutes, the stirring rate was raised to 180 rpm (for a few seconds) in order

to homogenize the material.

After about 65 minutes, the material had a liquid appearance (torque values of about 30 N »

20 cm at 100 rpm). The estimated density was around 1100 kg/m”>.

At this point, to the material in the reactor 500 g of pretreated Arundo Donax and 46.5 g of

the solution described above were added. After the addition, in the reactor there were about

2.6 kg of total material, with a percentage of dry (calculated) of about 27.8%. The presence
25  of condensation under the cover suggests that the dry content could actually be higher.

The stirring rate was increased to about 150 rpm (for a while) to homogenize the material,

that had an apparent density of about 950 kg/m’, and a torque value equal at 100 rpm to

about 120 N « cm.

30  After about 45 minutes, the material had a liquid appearance (torque values of about 30 N »

cm at 100 rpm). The estimated density was around 1100 kg/m’.



of condensation under the cover suggests that the dry content could
actually be higher. The stirring rate was increased to about 150 rpm (for a
whi |l e) towbanmgasidae the material, that had an appar ent pdenBroigozafiizabout
950 kg/ nB, and a torque val ue equal at4f100 rpmto about 120 N cm After
about 45 mnutes, the material had a |liquid appearance (torque val ues of
about 30 N cmat 100 rpm. The estimated density was around 1100 kg/ n8. At

this poi to the terlal in the reactor 500 gz of pretreated Arundo Donax
and 46. 59@ this peink t% eupatsrialda dhe repater oz of petreatedifaindo Manax andaé6écgj<i>ﬁ| on,

inther r
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material had a |iquid appearance (torque values of about 30 N cmat 100
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Mat er i al 2b@bAgAdn ¢escri bed above). The reactors were fitted (includi ng
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2 englines were calibrated so as to provi de (without material, with only the
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instrunent), a torque val ue equal to O. 0
cm’at 100 rpm). The estimated ensity was around 1100 kg/m’.

The test was stopped after approximately 8 hours. The liquefaction of 1.5 kg of pretreated
15 material was globally achieved in 2h and 25 minutes, a time equal to about 50% of the time
taken by the reactor B in the test No. 4 and to about 38% of the time required by the

reactor A in tests No. 3 and No. 4.

Test No. 6
20
Material: Sorghum (described above).

The reactors were fitted (including mixers) and the heat exchange fluid is brought to
temperature (45 © C). The 2 engines were calibrated so as to provide (without material,
25  with only the stirring inertia) at a stirring speed of 12 rpm (minimum speed of the

instrument), a torque value equal to 0.0 N « cm.

In trial No. 6, in the B reactor, a test under the same conditions of test No. 2 (conducted in
the same reactor) was carried out, with similar results.

30
The A reactor was filled with 0.75 kg of pre-treated sorghum (characteristics described in

the previous section, in particular dry content equal to 20.4%). To the solid, which had a



In trial No. 6, in the B reactor, a test under the sanme conditions of test
No. 2 (conducted in the sanme reactor) was carried out, with simlar
results. wbeow/mesot or was filled with 0.75 kg of pre-tPeatBzhigosigisum
(characteristics described in the prewddus section, in particular dry
content equal to 20.4% . To the solid, which had adensity of about 600
kg/ n8, a solution (total weight about 96 g) conposed as foll ows was added:
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Moreover, .the initial dry content was calculated to be equal to 17.5%
(1 over t pEthetotal Batenalal cul ated in tests No. 1 and No. 2). The presence of
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mai nt ai njmagrihhe agitati on speed the sanme in both cases, the stirring rate
was set equal to 12 rpmfor the first hour, then raised to a val ue

15  In this way, the A reactor worked with a load of enzyme per gram of glucans twice respect
to tests No. 1 and No. 2. Moreover, the initial dry content was calculated to be equal to
17.5% (lower than the one calculated in tests No. 1 and No. 2). The presence of

condensation under the cover suggests that the dry content could actually be higher.

20  The stirring rate was increased to about 180 rpm (for a while) to mix the material and the
added solution. The apparent density of the obtained material was about 700 kg/m3, and

the measured torque at 100 rpm was equal to about 160 N « cm.

Both reactions were carried out in parallel, maintaining the agitation speed the same in
25  both cases, the stirring rate was set equal to 12 rpm for the first hour, then raised to a value
of 100 rpm. Every 60 minutes, the stirring rate was raised to 180 rpm (for a few seconds)

in order to homogenize the material.

In this test, in the reactor A, a significantly better result was achieved respect to the test
30 No. 1 and No. 2 (performed in the same reactor) and also respect to the reaction conducted
in the reactor B. In particular, after about an hour, the material had a liquid appearance

(apparent density of about 1000 -1100 kg/m®), with a value of torque at 100 rpm at about



of 100 rpm Every 60 mnutes, the stirring rate was raised to 180 rpm (for
a few seconds) in order to honogenize the material. In this test, in the
react or Ayvoaosvgsisdi cantly better result was achi eved r espaBro10/0sitise t est
No. 1 and No. 2 (perfornmed in the sam4¥eactor) and al so respect to the
reaction conducted in the reactor B. In particular, after about an hour,
the material had a |iquid appearance (apparent density of about 1000 - 1100
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in the previous section, dry content equal to 20.41% . As a result of this
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liqu S din the B and about 39% of tine
needle(g b{d’ﬁ:p%ev egégﬁxﬁf agﬁ?@nl%gnétst{]gb%% 'No 2. Test No. 7 Mat eri(;I ;

Arundo Donax (descri bed above). In tri aI in the B reactor, a test

under th conditions, of test No, 4 conducted in the sane reactor) was
carried lit*rfrgtom Pgrtlfﬂeg,ﬁﬁ anatefja hﬂi A diguidoppRarene agaiy with veloesref kg of
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about 7 h of testing, the material had a 81m11ar appearance similar in both the reactors, but
15 in the A reactor had reached a liquid state in about 65% of the time needed in the B and

about 39% of time needed by the reactor A in tests No. 1 and No. 2.
Test No. 7
20  Material: Arundo Donax (described abcve).

In trial No. 7, in the B reactor, a test under the same conditions of test No. 4 (conducted in

the same reactor) was carried out, with similar results.

The A reactor was filled with 0.75 kg of pre-treated arundo (characteristics described in the
25  previous section, in particular dry content equal to 30.4%). To the solid, which had a

density of about 600 kg/m”>, a solution (total weight about 140 g) composed as follows was

added:

* 44.1 ml of enzyme cocktail with the composition described above, determined to provide

an activity of the cellulase complex of 40 FPU / g glucans (meaning glucans as the sum of
30 cellobiose and gluco-oligomers in the liquid phase and glucans in the solid phase), and

other activities are provided as a consequence.



density of about 600 kg/nB, a solution (total weight about 140 g) conposed
as follows was added: 44. 1m of enzyne cocktail with the conposition
descri bedvehowei13det er m ned to provide an activity of tRreTaBtdiwbase conpl ex
of 40 FPU / g glucans (neaning glucansidas the sum of cell obi ose and

gl uco-oligomers in the |liquid phase and glucans in the solid phase), and
other activities are provided as a consequence. 17.3 grans of buffer
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and i npromMBe tdtsl HateRgar Si on;, the amount of water to be added is determ ned
so that the total solution to be added (H20 + cocktail + citrate) is equal
t 0 about* &D9wdms dicHD,yin ooder émdilete theenzymetsphitiop ared impraveits dispensioal thel n
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No. 3 and No. 4). The presence of condensation under the cover suggests

that t hemdtfiakont ent coul d actual |y be higher. The stirring rate was

i ncreased to about 150 rpm (for a while) to mx the material and the added
solution. The apparent density of the obtained material was about 750

kg/ n8, amdthisheayytlasAreattdrovarked with hd6ad pienzsme paugdant of gliveans twise rédpeatm

Both reactions were rried out in parallel, maintaining the itation
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better result was achieved respect to the test No. 3 and No. 4 (perforned
in the sanme reactor) and al so respect to the reaction conducted in the
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appear ance
PP added solution. The apparent density of the obtained material was about 750 kg/m3, and

15  the measured torque at 100 rpm was equal to about 180 N * cm.

Both reactions were carried out in parallel, maintaining the agitation speed the same in
both cases, the stirring rate was set equal to 12 rpm for the first hour, then raised to a value
of 100 rpm. Every 60 minutes, the stirring rate was raised to 180 rpm (for a few seconds)

20  in order to homogenize the material.

In this test, in the reactor A, a significantly better result was achieved respect to the test
No. 3 and No. 4 (performed in the same reactor) and also respect to the reaction conducted
in the reactor B. In particular, after about 2.5 hours, the material had a liquid appearance
25  (apparent density of about 1000 -1100 kg/m?), with a value of torque at 100 rpm at about
20 N « cm. At the same time, in the reactor B, the material had the appearance of wet solid,

with a value of torque at 100 rpm equal to about 130 N « cm.

At this point, in the reactor A 750 g of pretreated arundo were further added (as described
30 in the previous section, dry content equal to 30.4%). As a result of this addition, the

calculated dry content came back to the value of the previous tests, 27.8%, and the load of



(apparent density of about 1000 - 1100 kg/nB), with a value of torque at
100 rpm at about 20 N cm At the sane tinme, in the reactor B, the materi al
had t he appearcanssoof wet solid, with a val ue of torqueprat/igddoniaiequal to
about 130 N cm At this point, in thedy¥eactor A 750 g of pretreated arundo
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content was calculated to be equal to 25.6%

Test No. 8

15

Material: Arundo Donax (described"above).

The A reactor was filled with 1.5 kg of material coming from the test No. 7 (liquid aspect,
density of 1100 kg/m®, measured torque at 100 rpm equal to about 15 N « cm). To this
20  material, 0.75 kg of pretreated arundo (with the characteristics described in the previous

section, in particular dry content equal to 30.4%) were added.

About140 g of solution used in the test n ° 7 were added to material. After the addition, in
the reactor there were 2.4 kg of total material.

25  In this way, the reactor worked with a load of enzyme per gram of glucans twice respect to
tests No. 3 and No. 4. Moreover, the initial dry content was calculated to be equal to 25.6%
(lower than the one calculated in tests No. 3 and No. 4). The presence of condensation

under the cover suggests that the dry content could actually be higher.

30  The stirring rate was increased to about 150 rpm (for a while) to mix the material and the
added solution. The apparent density of the obtained material was about 850 kg/m3, and

the measured torque at 100 rpm was equal to about 150 N * cm.



(lower than the one calculated in tests No. 3 and No. 4). The presence of
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At this point, the homogenized material had an apparent density of about 900 kg/m3, and a
torque value equal to 100 rpm to about 135 N ¢ cm.

After further 1 hour of stirring, the material had a liquid appearance again, with an
20  apparent value of density equal to about 1100 kg/m® and torque equal to about 25 Necm at
100 rpm. After about 8 h of testing, the material had a similar appearance similar in both
the reactors, but in the A reactor had re‘ached a liquid state in about 80% of the time needed
in the B and about 57% of time needed by the reactor A in tests No. 3 and No. 4.
The test was conducted approximately for 8 hours.
25
The liquefaction of 1.5 kg of pretreated material was globally achieved in 3 h, a time equal

to about 75% of the time taken by the reactor in the test No. 7.



to about 75% of the tinme taken by the reactor in the test No. 7.CLAIMS W
claim1. A process for the hydrolysis of l|igno-cellulosic bionass

conpri si yotzhw/wswps of A) Contacting a |igno-cell ul osi eCTaBzg0/081413 t he
feedst ock conpri sed of biomass having 47 dry content and water with at | east
a portion of a solvent, the solvent conprised of water soluble hydrolyzed
speci es; wherein at |east sone of the water sol uble hydrolyzed species are
the sane as the water sol ubl e hydrol yzgg ﬁzgci es obtainable fromthe
hydrol ysis of the biomass in the feed ~=B) mai ntai ning the contact

bet ween {yhecifigedst ock of the feedstock stream and the solvent at a
tenperature in the range of 20C to 200C for a tinme in the range of 5
mnutes to 72 hours to create a hydrolyzed product fromthe biomass in the

feedstock. 2, The 0GES cor di to aim.l, wherein.t ry content

conpr i set‘ cef‘lﬂf?%egggorﬁ%ﬁgg&wﬂf8£Egnoéﬁﬂﬁ'h?fécr%@hﬁﬁcom&%qg%fdteg%%toceI | ul ose

inthe dry content is greater than 5 wei ght percent of the dry content;

wherein at | east sone of the water sol uble h%d&gb)l(ézed species are the sane
A ke

as the water 4¢lGantectingdr bigyoeelluenie ifesdstopk.al tock ogpmvisedh odribygsss  of
h |l ul ' . he f k and
the sol vent ; hVlngd Barve @Rkl alta 3k Dt 3P KB b pRRQIEE 0 B5epETEC SPVFRE"

cel lul ose. 3. cdhprisedadesserafolubly hafrolgked speciks;anberdin dMiesBiding Stheatdter of
t he weight of the solvent contacted with the feedstock to the weight of the

feedstock is PHublRdYAepiredowedienare thegome s the wptrs sohuble bydrotyzedppesiesci ai s
1 angh 2, wher gh@inhbe fﬁgﬁgﬁlﬁ,&re&l?%se@gg{?n%s mﬁez&hg/tgag contacted with the

feedstock to the wei ght I's Inthe randge of 10:90 to 90:10.
5. The process of any of clains 1.and 2, wherein the ratio of the weight of

the sol vent captactiediw L Lhe [ ESUSLOR ASIE SFhORMaRbel Nech5aThRT 1o

solvent at a temperature in the range of 20°C to 200°C for a time in the range of 5
minutes to 72 hours to create a hydrolyzed product from the biomass in the
15 feedstock.

2. The process according to claim 1, wherein the dry content comprises cellulose,
hemicellulose, and the weight percent of the cellulose in the dry content is greater than 5
weight percent of the dry content; wherein at least some of the water soluble hydrolyzed
20  species are the same as the water soluble hydrolyzed species obtainable from the
hydrolysis of the cellulose in the feedstock and the contact between the feedstock and the

solvent is in the presence of a catalyst for the hydrolysis of the cellulose.

3. The process of any of claims 1 and 2, wherein the ratio of the weight of the solvent

25  contacted with the feedstock to the weight of the feedstock is in the range of 1:99 to 99:1.

4.  The process of any of claims-1 and 2, wherein the ratio of the weight of the solvent
contacted with the feedstock to the weight of the feedstock is in the range of 10:90 to
90:10.

30
5.  The process of any of claims 1.and 2, wherein the ratio of the weight of the solvent

contacted with the feedstock to the weight of the feedstock is in the range of 20:80 to



6. The process of any of clains 1 and 2, wherein the ratio of the weight of
the solvent contacted with the feedstock to the weight of the feedstock is
in the ramgeooi1130070 to 90: 10. 7. The process of any ofrcthB2omeosi4snd 2,
wherein the ratio of the weight of the4g&olvent contacted with the feedstock
to the weight of the feedstock is in the range of 40:60 to 90:10. 8. The
process of any of clains 1 and 2, wherein the ratio of the weight of the
sol vent é(()).nbact ed with the feedstock to the weight of the feedstock is in

t he rang ‘3P 50:50 to 90:10. 9. The process of any of clains 1 and 2,
wherein the ratio of the weight of the solvent contacted with the feedstock
to the weight of the feedstock is in the range of 60:40 to 90:10. 10. The
process 6f cThe proressvifenyiof cldims land@, evhetdie theaiatibf e weightsafl the solvent
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cel | WJ oseo:pbus hydrol ysis products of cellulose in the solvent to the
wei ght of the cellulose in the lignocellulosic feedstock is greater than
1:1. 12. The process of claim2, wherein the ratio of the weight of the

cel | ul ose pl | Vis] r t,s _Qqf | L ul gse_j.n e salve to the
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1.5:1. leontddted prthcthe Seafstaekabthe weidherofithe fdedstodk ii9irPthel fARgdBF ADi600fH t he
| us hydrol ysis products of cellulose in the solvent to the

cellulos§-5

wei ght o Offe cellulose in the | i gnocel I ul osic feedstock is greater than
2:1.{. The process of claim2, wherein the ratio of the weight of the
cel lul ose plus hydrolysis products of cellulose in the solvent to the
wei ght o8. t h€he ptdcedsaxfanyyof ichebmb i1 gind Q¢ ntheteis the hte ds theokeight ¢f thatkelveiithan

3: 1. . .
contacted with the feedstock to the weight of the feedstock is in the range of 50:50 to
90:10.

15 9.  The process of any of claims 1 and 2, wherein the ratio of the weight of the solvent
contacted with the feedstock to the weight of the feedstock is in the range of 60:40 to
90:10.

10.  The process of claim 2, wherein the ratio of the weight of the solvent contacted with
20  the feedstock to the weight of the feedstock is greater than 0.8:1.

11.  The process of claim 2, wherein the ratio of the weight of the cellulose plus
hydrolysis prpducts of cellulose in the solvent to the weight of the cellulose in the ligno-
cellulosic feedstock is greater than 1:1.

25 |
12.  The process of claim 2, wherein the ratio of the weight of the cellulose plus
hydrolysis products of cellulose in the solvent to the weight of the cellulose in the ligno-

cellulosic feedstock is greater than 1.5:1.

30 13. The process of claim 2, wherein the ratio of the weight of the cellulose plus
hydrolysis products of cellulose in the solvent to the weight of the cellulose in the ligno-

cellulosic feedstock is greater than 2:1.



15. The process of claim2, wherein the ratio of the weight of the
cel l ul ose plus hydrolysis products of cellulose in the solvent to the

wei ght ofwolelocaBi3ol ose in the |ignocel |l ul osic feedstoclkecrasyneaiiers t han 4
1 . 16. The process of claim2, wher4&4ln the ratio of the weight of the
cellul ose plus hydrolysis products of cellulose in the solvent to the

wei ght of the cellulose in the Iignocellulosic feedstock is greater t han

5:1. 17. rocess of f ai,nms. 2 throygh 16, ere | east a
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process of any of clains 2 through 16, wherein at |east a portion of the
cat al yst Cdbﬂqueﬁdstmhksgc@mrahﬁmédlw th the feedstock after contacting the
feedstock with at | east a portion of the solvent. 19. The process of any of
claim2 through 16, wherein at |east a portion the catalyst conposition is

cont agt eds W The tgtecese i séI@ak 25 iwhdrdian@euatiy ofi the weighBlof ithg detlglobe @it ock
with at | east a portion of the sol vent. 20. The process of any of clains 1

t hr ough pdrolysisrrspductsaf ealiuiese dn thenwlysing imthe weighieafdhe sellulpse indbedigaek i s
greater negess of any of claims 1 through 16, wherein
t he ratr%agﬁos}%éegﬁg#alssgp%é&tﬁa e‘irsisof the feedstock is greater than 1:3. 22.
The process of any of clains 1 through 16, wherein the ratio of the b| orrass

to mater f e feedstock is greater than 1:2. 23. The process _of an
claims 11 ﬁlﬁgm@@% \Mfefﬁerrh 25 Hrain; o getie v éreowalgé t 0 thecehiulgpe ¢

f eedpg oc hydxelygrseﬁw&cté Bp&lﬁﬂdke?in ol Ve t@ftfé%éghtoif tﬁgxemhoé‘é 'tH§ hgn& hrough
16, wherein the ratio of bi omass to wat er the feedstoc eater
t han 1: 1celRdosidfeedgiocicio geeatdr thamy5:0f cl ai ns 1 t hrough 16, wher ei n the ratio

of the biomass to water

17.  The process of any of claims 2 through 16, wherein at least a portion of the catalyst
composition is contacted with the feedstock before contacting the feedstock with at least a

15  portion of the solvent.

18. The process of any of claims 2 through 16, wherein at least a portion of the catalyst
composition is contacted with the feedstock after contacting the feedstock with at least a
portion of the solvent. |

20
19. The process of any of claim 2 through 16, wherein at least a portion the catalyst
composition is contacted with the feedstock simultaneously with contacting the feedstock

with at least a portion of the solvent.

25 20. The process of any of claims 1 through 16, wherein the ratio of the biomass to water

of the feedstock is greater than 1:4.

21. The process of any of claims 1 through 16, wherein the ratio of the biomass to water
of the feedstock is greater than 1:3.

30
22. The process of any of claims 1 through 16, wherein the ratio of the biomass to water

of the feedstock is greater than 1:2.



of the feedstock is greater than 1:0.9. 26. The process of any of clainms 2
t hrough 25, where the catal yst conposition conprises an enzyne. 27. The
process oWVoanw/aBi3el ains 1 through 26, wherein the tenpecatBroHI4in the
range of 20 to 105C. 28. The process d§0 any of clains 1 through 26 wherein
the tenperature is in the range of 20 to 950C. 29. The process of any
clainms 1 through 28, wherein the tine is in the range of 5 mnutes to 48

hours. 30, T rocess. of any.cl ai ns rqugh 28, wherein.the time is in
t he rangg3'ofjil§e O&ERs apgoggl%%%fg}rogé; }g}l’(g‘eg‘?”&g&‘s‘ét‘%iof 1833548 Waléthy ough
28, wher gf fhe fQRAsfob kR dréatbthi€:17ANge of 5 minutes to 24 hours. 32. The
process of any clains 1 through 28, wherein the tinme is in the range of 5

mnutes to 12 hours. 33. The process of any clains 1 through 28, wherein
the tinme,js In the range o .mnutes.to 8 hours.34,. T rocess of any of
ol ai s 124y Dighrossts Gy ar ehumy f rdlen P Sugth Bie o S e GRER e e
st epss of ofthe fe¥dsRAK & gibatbivBad €@dst ock into a vessel already containing at
| east a portion of the solvent, B) Introducing the catalyst conposition

into the vessel before, simultaneously with, or after introduction of the

f eedstockcin Ve , . VRl [Nell t.he .f eedst.oc t.he solven and
t he cat a#?/'st ﬁ"g%h%ggsistoﬁ’gaﬁy ioﬁ 3 r{é@\i/ énﬁsr §%éh ?ﬁ ‘Yl}?gelg gl?edrailg ﬁgg}eatflﬂ]?lgssrtgn erof
200C t o 2fbededdstockid grogter thah 19.9.

10 26. The process of any of claims 2 through 25, where the catalyst composition comprises

an enzyme.

27. The process of any of claims 1 through 26, wherein the temperature is in the range of
20 to 105°C.

15
28. The process of any of claims 1 through 26 wherein the temperature is in the range of
20 to 95°C.

29. The process of any claims 1 through 28, wherein the time is in the range of 5 minutes
20  to 48 hours.

30. The process of any claims 1 through 28, wherein the time is in the range of 5 minutes

to 36 hours.

25 31. The process of any claims 1 through 28, wherein the time is in the range of 5 minutes

to 24 hours.

32. The process of any claims 1 through 28, wherein the time is in the range of 5 minutes
to 12 hours.

30
33. The process of any claims 1 through 28, wherein the time is in the range of 5 minutes

to 8 hours.



range of 5 mnutes to 72 hours, D) renoving the hydrol yzed product fromthe
vessel . 35. The process of claim 34 wherein all of the hydrolyzed product

i s renovesiof2ooyiBise vessel prior to introducing nore feedstiBmko/esidisol vent
cont ai ni ng water sol uble hydrolyzed spsci es. 36. The process of claim 34,
wherein a portion of the hydrolyzed product, nanely a heel, is left in the
vessel . 37. The process of any of clains 1 through 33, where the process is
a continuous process conprising the steps of A) continuously introducing
the feedstock into a vessel already containing at |east a portion of the
sol vent, 38) ThE pRKS HPaky'Bf CRlMS Xsthr&l%ﬂpﬁs iR thepracds8Gs UESREH proebss

conti nuousl y renoving a wei ght of the hydrolyzed product fromthe vessel.

38. The mmmsgﬁlfesmapﬁm 37, wherein the process |s a pI ug flow process.

stirred eact 8. aomrudE e bEREal £y RG0S Grtipiaiah a8 RGPS 2 ¥

portion in the soI v¥ehe sehve@am i s m xed with the feedstock prior to
introduction into the vessel and the ratio of the solvent to the feedstock
stream are baBdd updipdupiagartbentcatalyst heomppsiten ﬂthHbeve§§@l pefase.t he
amount of the solv eeds 1 e ccordi ng
to any of clains 1‘?9‘#}%%% %%l%gge%f%?pPﬁé¢§%§hc§fn ac eeﬁ% aﬁeﬁt% fte

| i gno-cel lul osic feewdsltock with the solvent, an anount of the feedstock is
apportioned in o at | east a flr%g(¥§ stock streamto create a first

sol vent streafby HAYeintming the tackethssplvrntoand the cpfalyst corapeptistin ther eam

wi thghe additi on Ofss@ mihe! Uit tehﬂ)f}al?tﬁ'e fEIEF%FWEOO?GO% f'o? lmeililg#lg the

catal yst anount is 1n rattge of ent al |
t he feedstock and rdmgebﬁdmhuytsswibhmmduct ed at a tenper ature in the range

of 2Q0C to 9583: f C)removmg the hydrolyzed product from the vessel.

35. The process of claim 34 wherein all of the hydrolyzed product is removed from the
15 vessel prior to introducing more feedstock and solvent containing water soluble hydrolyzed

species.

36. The process of claim 34, wherein a portion of the hydrolyzed product, namely a heel,

is left in the vessel.

20
37. The process of any of claims 1 through 33, where the process is a continuous process
comprising the steps of
A) continuously introducing the feedstock into a vessel already containing at
least a portion of thé solvent,
25 B) introducing the catalyst composition into the vessel,

0)) continuously removing a weight of the hydrolyzed product from the vessel.

38. The process of claim 37, wherein the process is a plug flow process.

30 39. The process of claim 37, wherein the process is utilizes a continuously stirred

reactor.



atinm in the range of 5 mnutes to 72 hours and the ligno-cellulosic
feedst ock, the solvent, and the solvent of the first solvent streamare
cont act edwwi2otv/gash ot her and the contact i s naintai nedpCm/iBaobaAer at ur e
range for a tine in the time range. 4252 The processes of claim4l, wherein
a portion of the first solvent streamis mxed with the feedstock which is
not the first feedstock streamprior to introduction to a vessel and all

rati os of . the solvent stre to the feedstock stream.are based upon the
total andint 1BY POSFOGIENY oF SHIAAS GHOPE ShavIERe A DOGHor Hetlp S REtEiepEnt
stream apdnixbe witl thefedstBck PRoMBSREOduchich inld theRleQ dRPhe FhtiRbYthelsokbatl M 1
t hrough 42, wherein at |east a portion of the solids in the hydrol yzed

product #r thedfepdsteskesirepmoare thasedhypimothy zsebupt off thet solvent imthe yessdgduetheof any

of clai I h,43, wher.gi L east a portion of the solids separated
fromthg&ﬁéﬁét&fgg%gl‘be%%@ttﬁ%%a&i?%( S?rgﬁﬂl}cl ed to the process. 45. The

processes of any of clainms 1 through 43, wherein the separation of at |east
a portion of the solids fromthe hydrol d product streamis done by a

e
devi ce s#l-ecTheProceshacperdifeda sny oh slans K@n@mghﬂw meheydin paer repntasting theuges.

ligno-cellulosic feedstock with the solvent, an amount of the feedstock is apportioned into
at least a first feedstock stream to create a first solvent stream by hydrolyzing the feedstock
of the first feedstock stream with the addition of a catalyst to the first feedstock stream
10 wherein the catalyst amount is in rahge of 0.1 to 150 FPU / g of dry content of all the
feedstock and the hydrolysis is conducted at a temperature in the range of 20°C to 95°C for
a time in the range of 5 minutes to 72 hours and the ligno-cellulosic feedstock, the solvent,
and the solvent of the first solvent stream are contacted with each other and the contact is

maintained in the temperature range for a time in the time range.

15
42. The processes of claim 41, wherein a portion of the first solvent stream is mixed with
the feedstock which is not the first feedstock stream prior to introduction to a vessel and all
ratios of the solvent stream to the feedstock stream are based upon the total amount of
solvent stream which is the amount of the first solvent stream and the solvent in the vessel.
20

43. The processes of any of claims 1 through 42, wherein at least a portion of the solids

in the hydrolyzed product are separated from the hydrolyzed product.

44. The processes of any of claims 1 through 43 wherein at least a portion of the solids

25  separated from the hydrolyzed product and are recycled to the process.

45. The processes of any of claims 1 through 43, wherein the separation of at least a
portion of the solids from the hydrolyzed product stream is done by a device selected from

the group consisting of hydrocylones and centrifuges.



