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Improved process for the organosolv treatment of lignocellulosic biomass.

The present invention is directed at a process for fractionating lignocellulosic biomass for the purpose of
increasing the nativity of the obtained lignin, reducing side-reactions and improving cellulose hydrolysis,
by performing the steps of treating the biomass with a treatment liquid at a temperature below 170 °C,
wherein the treatment liquid comprises a non-hydroxylic organic solvent, in particular a ketone, water and
an acid, and optionally subjecting the cellulose-enriched product stream to enzymatic hydrolysis.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken. Alle ingediende stukken

kunnen bij Octrooicentrum Nederland worden ingezien.
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Improved process for the organosolv treatment of lignocellulosic biomass

[0001] The present invention relates to an improved process for the fractionation of

lignocellulosic biomass using organosolv.

Background
[0002] Biomass, especially lignocellulosic biomass, is a valuable resource for the

production of (bio)fuels, chemicals, performance products and energy. Lignocellulose is
the most abundant renewable biomass available on land, and therefore relatively cheap.
It comprises mainly cellulose, hemicellulose and lignin. Many research efforts have
been devoted to the development of processes for the cost-effective conversion of
biomass, especially lignocellulosic biomass, to valuable compounds. An example
thereof is the conversion of cellulose to glucose, which in turn may serve e.g. as a
precursor for ‘second-generation’ bioethanol (e.g. by fermentation of glucose), and is
thus suitable for the production of biofuels.

[0003] The main structural components of biomass are cellulose (a glucan), hemi-
cellulose and lignin. The two major types of hemicellulose are xylans and (gluco)-
mannans. Xylans have xylose (Cs sugar) backbones, sometimes substituted with
arabinose or glucuronic acid side groups, and are predominant in hardwood and grasses,
while (gluco)mannans have backbones with a glucose:mannose (both Cg sugars) ratio of
about 1:3, sometimes substituted with galactose side groups, and are predominant in
softwood.. Minor hemicellulose types include xyloglucans and arabinogalactans.
Hemicelluloses may be chemically linked to lignin. Table 1 below gives approximate

compositions of some biomass types.

[0004] 7able I1: Compositions of the structural components of some biomass types (in

wt% based on dry weight)

other poly- o
glucan mannan xylan ) lignin
saccharides
softwood 35-40 15-20 5-10 3-10 25-32
hardwood 40-50 1-4 15-30 2-5 22-30
grasses, straws 33-40 0-2 20-27 3-8 20-32
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[0005] The so-called organosolv process can be used to treat biomass (pretreatment), in
order to make cellulose polymers better accessible for hydrolytic enzymes converting
cellulose to glucose, or for pulping or fractionating of the biomass. Without pre-
treatment, the cellulose within lignocellulosic biomass is poorly accessible for the
hydrolytic enzymes, as it is shielded by other structural components in the biomass,
such as lignin and hemicelluloses. Conventional organosolv involves high-temperature
treatment (typically between 180 and 220°C) of the biomass with a (water-miscible)
organic solvent (e.g. ethanol) and optionally an (acidic) catalyst. During organosolv, the
lignocellulose biomass is fractionated into a cellulose-enriched solid product stream
(pulp) and a liquid product stream (liquor) comprising dissolved lignin and
hemicellulose derivatives.

[0006] The hemicelluloses present in the lignocellulosic biomass are relatively unstable
and break down during organosolv, especially as a result of the elevated temperatures
employed. Hemicellulose is first hydrolysed to sugar monomers (Cs and/or C¢ sugars),
which may subsequently dehydrate to furans such as furfural and/or react further to
other compounds (including xylosides and condensation products with lignin (“pseudo-
lignin”)). Most of these latter compounds are less valuable than hemicellulose itself or
the products directly obtained from it such as monomeric sugars (mainly xylose,
mannose and glucose) and furfural. These degradation products may be part of the
cellulose stream and/or the lignin stream, which are produced by the organosolv
process, thereby reducing their purity and the efficiency of further treatment of these
streams to produce valuable end-products, such as ethanol. In addition, potentially
valuable compounds that can be derived from the hemicellulose (e.g. monomeric sugars
and furfural) get lost, thus reducing the effectiveness of the conversion of biomass into
valuable components.

[0007] Also, the cellulose-enriched product stream obtained from the organosolv
process comprises impurities. Although organosolv treatment separates large parts of
lignin and hemicellulose from the cellulose pulp, the cellulosic pulp typically still
comprises significant amounts of lignin, as well as pseudo-lignins. The latter may be
formed during pretreatment by reaction of lignin with e.g. proteins, other extractives
and/or furfural. These impurities hamper the enzymatic hydrolysis of cellulose to
glucose, which is to date still not feasible on a commercial scale, since it cannot
compete yet with glucose produced from first generation biomass sources (starch,

sucrose etc.), in view of the high costs of the pretreatment step and required amounts of
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enzyme. Alternatives to enzymatic hydrolysis of cellulose, e.g. concentrated acid
treatment, are undesirable for environmental reasons, corrosion of equipment and
associated costs, and they are typically less selective towards glucose because of
enhanced sugar degradation reactions. Hence, one of the challenges of current research
is to find means to enhance the efficiency of pretreatment of biomass and
(simultaneously) improve the enzymatic hydrolysis of cellulose, in order to allow
application on an industrial scale.

[0008] WO 2007/120210 describes organosolv treatment of biomass at about 120—
220°C, at a pH of less than about 4, and with ethanol as preferred solvent. The
organosolv reaction is performed at 170°C and subsequent separation of the solids from
the liquids by filtration is performed at 130°C. WO 2012/000093 and WO 2011/097720
describe organosolv treatment of biomass at 130—-170°C, at a pH of 1.5-2.5, and with
ethanol comprising 1.5-2.5 wt% acid as preferred solvent. Da Silva Perez and Curvelo
(Open Agriculture Journal 2010, 4, 145-152) studied the kinetics of acetone-water
delignification of Fucalyptus urograndis at temperatures ranging from 145 to 195°C and
found that at the lower temperatures the least efficient delignification occurred. Huijgen
et al. (Ind. Eng. Chem. Res. 2010, 49, 10132-10140) describe acetone-based organosolv

of wheat straw at temperatures ranging from 160 to 220°C, in the absence of an acid.

Summary of the invention

[0009] The invention relates to an advanced organosolv process of lignocellulosic
biomass, resulting in a cellulose-enriched product (pulp) containing less impurities and
a lignin-enriched product containing a higher content of native lignin. Surprisingly, the
inventors have found that the organosolv process can be efficiently performed at
reduced temperatures, such as below 170 °C, preferably between 100 °C and 170 °C,
when a non-hydroxylic organic solvent is used as a solvent.

[0010] Performing organosolv at such reduced temperatures is especially desirable for
two reasons. First of all, it reduces the costs of the pretreatment step, and secondly it
reduces degradation of valuable hemicellulose derivatives. As discussed above,
degradation of hemicellulose derivatives during pretreatment significantly reduces the
effectiveness of the conversion of biomass into valuable components. On the other
hand, at those reduced temperatures, non-structural organic components (e.g. proteins,
ash, lipids and other extractives) present in biomass may negatively affect the

organosolv process. During high temperature organosolv (i.e. above 170 °C), the non-
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structural components of the biomass decompose or react with structural components.
The process according to the invention circumvents these undesirable side-reactions of
non-structural organic components to a large extent, and the organosolv process
operates more smoothly, even at reduced temperatures. This is especially true for the
low temperature organosolv process of annual fibres such as straw, which comprise
significant amounts of apolar non-structural organic components, such as fatty acids and
waxy materials. At the temperatures employed during low temperature organosolv,
these apolar components may hamper efficient fractionation by forming aggregates
during the organosolv process, which is observed when e.g. ethanol is used as solvent.
Thus, the process according to the invention is especially suitable for organosolv of
annual fiber.

[0011] The inventors have surprisingly found that performing organosolv, especially
low temperature organosolv, with a non-hydroxylic organic solvent results in a
reduction of side-reactions and thus in formation of less impurities. Without being
bound to a theory, it is believed that the presence of hydroxyl moieties (OH groups)
makes the organic solvent reactive towards structural components of the biomass, such
as towards the monomeric sugar moieties and towards lignin. As a result thereof, the
undesirable conversion of sugar monomers such as glucose and xylose to glucosides
and xylosides occurs, which lowers the overall yield of monomeric sugar moieties after
organosolv and after (enzymatic) hydrolysis of the pulp. Such undesirable side-reactions
may also occur on oligomeric or polymeric carbohydrates, and give rise to the
formation of glucosides and xylosides after (enzymatic) hydrolysis of the carbohydrate.
Also, more pseudo-lignins are formed during organosolv with hydroxylic organic
solvents, wherein native lignin has reacted with solvent molecules at their OH group.
An additional advantage of this reduction of side-reactions is that less solvent is lost
during organosolv, which renders organosolv with non-hydroxylic organic solvents
more efficient than with hydroxylic organic solvents. On the other hand, solvent may be
lost by self-condensation during organosolv, which may occur for e.g. ketone solvents
such as acetone (e.g. via aldol condensation) as well as for hydroxylic solvents such as
ethanol (e.g. by ether formation). Notably, hardly any self-condensation of the non-
hydroxylic solvents is observed during low temperature organosolv process (data not
shown), which renders these solvents suitable for use in the process according to the

invention.
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Detailed description

[0012] The invention relates to a process for fractionating lignocellulosic biomass into a
cellulose-enriched product stream (pulp) and a lignin-enriched product stream (liquor),
comprising subjecting optionally pre-extracted biomass to an organosolv step using a
non-hydroxylic solvent. Without being bound by a theory, it is believed that alcoholic
solvents such as ethanol are more reactive towards the structural components of
biomass, as such giving rise to undesirable side-reactions. Because of the reduced side-
reactions, the process according to the invention affords cleaner product streams, which
is desirable in view of efficient biomass valorisation, but also renders the subsequent
enzymatic hydrolysis of the cellulose pulp more efficient.

[0013] The process according to the invention is referred to as low temperature
organosolv, i.e. organosolv performed at a temperature below 170 °C, preferably even
lower as defined below. In the context of the present invention, “organosolv” may also
be referred to as “pretreatment”, which terms are used interchangeably. The process
according to the invention may also be referred to as “biomass fractionation”, which
involves the step of low temperature organosolv, but may include further steps such as
pre-extraction and enzymatic hydrolysis of the cellulose-enriched product stream (pulp).
[0014] Thus, the invention relates to a biomass fractionation process, comprising the
step of treating the biomass with a treatment liquid at a temperature below 170 °C,
wherein the treatment liquid comprises at least 20 wt% of a non-hydroxylic organic
solvent, at least 5 wt% of water and an acid. The amount of the acid can be defined as a
concentration by weight, i.e. between 0.01 wt% and 2.0 wt%, based on total weight of
the treatment liquid. Alternatively, the amount of acid can be defined as acid
equivalents, i.e. between 2 and 400 meq of an acid having a pKa of 4.5 or lower, a meq
being defined as a mmol of hydrogen ions per L of treatment liquid. As a further
alternative, the amount of acid can be defined in relation to the amount of biomass
treated, i.e. 1 — 250 g acid or 10 mmol — 2.5 mol acid per kg of biomass (dry weight),
wherein 1 L of treatment liquid is used per 20 — 10000 g dry weight of biomass.

Biomass

[0015] Biomass suitable for the process according to the invention includes ligno-
cellulosic biomass, such as softwood, hardwood, and herbaceous biomass, including
grasses and straws, and can be supplied in the form of forestry residues, agricultural

residues, yard waste, animal and human waste (e.g. biodegradable municipal waste).
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Such biomass comprises in general 20 to 80 wt.% carbohydrates (based on dry matter),
which are valuable starting materials for production of fuels and chemicals (e.g. in a
biorefinery process). Lignocellulosic biomass (so-called second generation biomass) is
cheaper than starch-containing biomass (first generation biomass) and does not compete
with (human) dietary needs. Preferably, herbaceous biomass in the form of agricultural
residues and/or biodegradable municipal waste is used in the process according to the
invention, more preferably, the herbaceous biomass is selected from biodegradable
municipal waste, straw, leaves, grasses and combinations thereof, most preferably straw
(e.g. rice straw, barley straw, wheat straw).

[0016] The biomass subjected to the process according to the invention may be fresh or
dried biomass, optionally after removal of large impurities such as stones and pieces of
metal, and optionally chopped or milled to pieces for ease of handling (e.g. pieces of
0.01 to 50 cm, in particular 0.1-10 cm in length or diameter, depending on the type of
biomass). Unless indicated otherwise, amounts of biomass are defined below on the

basis of dry weight.

Organosolv

[0017] The organosolv process step separates the lignocellulose biomass into a
cellulose-enriched product stream (also referred to as ‘cellulose pulp’ or just ‘pulp’) and
a lignin-enriched product stream (liquor). The organosolv step of the process according
to the invention is performed at a temperature below 170°C, preferably between 100°C
and 170°C, more preferably between 120°C and 165°C, most preferably between 130°C
and 160°C. In specific embodiments the organosolv process is performed at temperature
below 140°C, preferably between 100°C and 139°C, more preferably between 120°C
and 135°C. It was found that low temperature organosolv, 1.e. at a temperature below
170°C, can only be efficiently performed when acid-catalysed.

[0018] Typically, the suspension of biomass and treatment liquid is obtained by mixing
at most 50 L and at least 0.1 L of treatment liquid per kg dry weight of the biomass,
preferably between 1.0 L and 20 L, most preferably between 3 L and 15 L. Thus
organosolv treatment of biomass uses 1 L of treatment liquid as defined below per
between 20 g and 10 kg of biomass, preferably per between 50 and 1000 g, most
preferably per between 67 and 333 g of biomass (dry weight). The optimum ratio of

treatment liquid to biomass will depend on the type of biomass.
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[0019] The treatment liquid comprises at least one non-hydroxylic organic solvent.
Preferably, one non-hydroxylic organic solvent is used in the treatment liquid, but
mixtures of non-hydroxylic organic solvents are also suitable. Suitable non-hydroxylic
organic solvents include all organic solvents which are known in the art to be suitable
for organosolv, except all hydroxylic solvents. Especially polar non-hydroxylic solvents
are suitable. In the context of the present invention, “hydroxylic solvents” comprise at
least one hydroxyl moiety (OH group), such as alcohols or “alcoholic solvents”
comprising one or more hydroxyl moieties bound to a carbon atom (directly or
indirectly through S, O, N or another atom), such as methanol, ethanol, (iso)propanol,
butanol, ethylene glycol, methoxyethanol, or organic solvents comprising a carboxylic
acid moiety (COOH group), such as formic acid, acetic acid, peracetic acid and
haloacetic acids. The presence of large amounts of acid during organosolv is highly
undesirable, as this may cause heavy corrosion of the equipment and reactor. However,
a catalytic amount of acid should be present in addition to the non-hydroxylic organic
solvent, as described below.

[0020] A compound is considered to be a solvent in the context of the present invention,
when it is liquid under the process conditions of the organosolv reaction, preferably
when it is liquid under ambient conditions. Moreover, the solvent should not be apolar,
and hence hydrocarbons and non-polar halogenated hydrocarbons are not suitable. In
particular, a suitable non-hydroxylic organic solvent should contain at least an oxygen
and/or nitrogen-containing function (ether, ketone, ester, amine, amide, imide, cyanide,
nitro, especially a function at least containing an oxygen atom, such as in ethers,
ketones, esters and amides. Preferably, the non-hydroxylic solvent comprises an ether
moiety and/or a carbonyl moiety, such as a ketone moiety, an ester moiety or an amide
moiety, more preferably the non-hydroxylic solvent comprises at least a ketone moiety
and optionally one or more selected from an ether moiety, an ester moiety or an amide
moiety. Preferably, the non-hydroxylic organic solvent is selected from ethers and
ketones, more preferably the non-hydroxylic organic solvent is a ketone. Ketones are
especially preferred in view of the high solubility of lignin in ketone solvents. Preferred
ethers include dimethoxyethane, tetrahydrofuran (THF), 1,4-dioxane and 1,3-dioxolane.
Preferred ketones include acetone, butanone (= methyl ethyl ketone or MEK), methyl
isobutyl ketone (MIBK), cyclohexanone, acetoacetic (3-oxobutanoic) acid esters, and
levulinic (4-oxopentanoic) esters, such as methyl levulinate and ethyl levulinate. In an

especially preferred embodiment, the non-hydroxylic organic solvent is selected from
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acetone and ethyl levulinate, most preferably the non-hydroxylic organic solvent is
acetone. Preferably, the treatment liquid comprises at least 10 wt% of the non-
hydroxylic organic solvent, more preferably between 20 wt% and 80 wt%, even more
preferably between 25 wt% and 70 wt%, most preferably between 30 wt% and 60 wt%.

[0021] The treatment liquid further comprises water, and optionally other organic
solvents, in addition to the non-hydroxylic organic solvent. The presence of water in the
treatment liquid allows hydrolysis reactions to take place during organosolv, in order to
break up the network of structural components. Preferably, the treatment liquid
comprises at least 5 wt% water, more preferably at least 10 wt%, even more preferably
between 20 wt% and 80 wt% water, even more preferably between 30 wt% and 75 wt%
water, most preferably between 40 wt% and 70 wt% water. The weight ratio of organic
solvent(s) (i.e. the non-hydroxylic organic solvent(s) and optionally any other organic
solvent) to water is preferably between 20/80 and 80/20, more preferably between 30/70
and 75/25, even more preferably between 40/60 and 70/30, most preferably between
40/60 and 65/35.

[0022] Minor amounts of other, i.e. hydroxylic, organic solvents, in addition to the non-
hydroxylic organic solvent(s), may also be present. These can typically be alcohols such
as ethanol. It was found that replacing part of the ethanol, which is commonly used
during organosolv treatment of biomass, with a non-hydroxylic organic solvent already
beneficially effects the results of the low temperature organosolv process. Preferably,
the treatment liquid comprises at most 25 wt% hydroxylic, in particular alcoholic
solvents, more preferably at most 10 wt%, even more preferably at most 2 wt%, most
preferably no alcoholic organic solvent. In an especially preferred embodiment, the
treatment liquid consists of acetone, water and an acid, wherein the weight ratio
acetone/water is preferably between 40/60 and 70/30.

[0023] During the organosolv reaction, acid is present to reduce the pH. Typically, the
pH during low temperature organosolv is between 0.5 and 7.0, preferably between 1.0
and 5.0, most preferably between 1.5 and 3.0. For optimum fractionation to cellulose
pulp and lignin-containing liquor, the amount of acid present during organosolv is
preferably between 5 mmol and 2.5 mol per kg dry weight of the biomass, more
preferably between 50 mmol and 1 mol, most preferably between 100 and 750 mmol.
Otherwise defined, the amount of acid is preferably between 0.5 and 250 g per kg dry

weight of the biomass, more preferably between 5 and 100 g, most preferably between
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10 and 75 g. Conveniently, the acid is comprised in the treatment liquid, but the acid
may also be added separately to the suspension of biomass in the treatment liquid.

[0024] Preferably, the concentration of the acid in the treatment liquid is between 1 mM
and 200 mM, more preferably between 10 mM and 100 mM. In terms of weight, it is
preferred that the treatment liquid comprises between 0.01 wt% and 2.0 wt% acid, more
preferably between 0.05 wt% and 1.5 wt%, most preferably between 0.1 wt% and 1.0
wt%. Amounts of acid in the treatment liquid above the upper limits may result in more
side-reactions, and thus the formation of more impurities, during organosolv. As the
skilled person appreciates, the amount of acid which is used for optimum performance
of the organosolv reaction may vary depending on the strength of the acid (pKa) and the
acid neutralisation capacity of the biomass.

[0025] Suitable acids include organic acids and inorganic acids. Preferred acids have a
pKa value of 4.5 or lower, preferably a pKa value of 3.0 or lower, most preferably a
pKa value of 1.0 or lower. Acids with such low pKa values are preferred, as a lower
amount is needed to enable efficient organosolv fractionation of the biomass, when
compared to acids having a higher pKa value. Suitable acids include sulfuric acid,
sulfurous acid, hydrochloric acid, phosphoric acid, perchloric acid, sulfonic acids such
as methanesulfonic acid and para-toluenesulfonic acid, formic acid, oxalic acid, benzoic
acid, lactic acid, malonic acid, maleic acid, dichloroacetic acid, trichloroacetic acid,
trifluoroacetic acid, and combinations thereof. As carboxylic acids are more prone to
side-reactions than acids which do not comprise a carboxyl group, such as inorganic
acids, the use of non-carboxylic acids or even inorganic acids is especially preferred.
Thus, preferably the acid is selected from sulfuric acid, sulfurous acid, hydrochloric
acid, phosphoric acid, para-toluenesulfonic acid, and combinations thereof. Most
preferably, sulfuric acid is used. Herein, “the acid” may refer to a single compound, or
to a mixture of different acids. Preferably, a single acid is used.

[0026] Organosolv at reduced temperatures is accompanied with less side-reactions
compared to organosolv at conventional temperatures. Less degradation of
hemicellulose or xylose to undesired by-products (e.g. furfural and humins) and less
formation of pseudo-lignins (e.g. by reaction of xylan and xylose degradation products
with lignin) is observed. Importantly, low temperature organosolv using a non-
hydroxylic organic solvent also gives less hemicellulose or xylose degradation to
undesired by-products (e.g. xylosides) and less pseudo-lignin formation (e.g. by

ethoxylation), compared to low temperature organosolv using an alcoholic organic
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solvent, in particular ethanol. During organosolv, certain amounts of monomeric sugars
are formed at all times, such as glucose and xylose. Using low temperature organosolv
with a non-hydroxylic organic solvent, fewer degradation products or by-products from
monomeric sugars are observed. Glucosides and xylosides were produced at low levels
only, if at all, contrary to low temperature organosolv with ethanol as solvent, and also
minor amounts of hydroxymethylfurfural (from glucose) and furfural (from xylose)
were detected. The formation of glucosides and xylosides is one of the major losses in
biomass valorisation, as those compounds have limited economic value, compared to
glucose and xylose, and are not easily converted to more valuable compounds.

[0027] A major advantage of the organosolv process according to the present invention
is the formation of product streams with higher purity (fewer impurities), when
compared to prior art organosolv processes, and a higher yield in monomeric,
oligomeric and polymeric saccharides. This is especially true in case the organosolv
process according to the invention is combined with hydrolysis of the cellulose pulp,
which converts polymeric and oligomeric saccharides to monomeric saccharides, as
such obtaining high yields of monomeric saccharides based on total carbohydrates
present in biomass.

[0028] Organosolv yields a cellulose pulp and a lignin-containing liquor. The lignin
liquor obtained by the process according to the invention comprises a higher content of
native lignin and a higher amount of xylose, when compared to prior art lignin liquors.
Without being bound to any theory, it is envisioned that fewer reactions take place
between lignin and e.g. cellulose or hemicellulose derivatives, degradation products
thereof, or other reactive components present in the biomass such as proteins and other
non-structural components, during the organosolv process according to the invention.
These reactions are reduced in the process according to the invention by virtue of the
reduced temperature of the organosolv reaction and the use of non-hydroxylic organic
solvent. Hemicellulose or its monomeric derivatives are prone to degradation, and in
view of this reduced degradation, less reaction of reactive degradation products with
lignin occurs. The amount of hydroxyl moieties in the lignin (typically determined in
mmol OH per g lignin) is a measure for the nativity of the lignin, i.e. the degree to
which the lignin produced by the biomass treatment process resembles native lignin, in
particular as far as its substitution pattern is concerned. The hydroxyl moieties present
in native lignin may react with e.g. hemicellulose degradation products and non-

structural components in the biomass (proteins, other extractives), under the conditions
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of the organosolv reaction. A reduced hydroxyl content thus indicates that more pseudo-
lignin is formed. The process according to the invention affords lignin with an increased
hydroxyl content, when compared to prior art process, both in view of the reduced

temperature of the organosolv reaction and the use of a non-hydroxylic organic solvent.

Extraction

[0029] In one embodiment, the process according to the invention comprises one or
more extraction steps, prior to being subjected to organosolv. In the context of the
present invention, one or more extraction steps prior to organosolv are also referred to
as “pre-extraction”. Pre-extraction includes at least one aqueous extraction step and/or
at least one organic extraction step. Without being bound by a theory, it is believed that
extraction of the biomass prior to organosolv removes non-structural biomass
components (extractives) which may hamper the organosolv process and/or the
subsequent enzymatic cellulose hydrolysis. In view of the many side-reactions that
occur when low temperature organosolv is performed using a hydroxylic solvent,
performing such a pre-extraction may be preferred.

[0030] In the context of the present invention, “organic extraction” refers to extraction
with an extraction liquid comprising at least 20 wt% of one or more organic solvents,
preferably at least 50%, more preferably at least 70 %, and thus at most 80 wt% water,
preferably at most 50%, more preferably at most 30 %. Likewise, “aqueous extraction”
refers to extraction with an extraction liquid comprising at least 80 wt% water, and thus
at most 20 wt% of one or more organic solvents. In one embodiment, only one
extraction step is performed prior to organosolv, wherein the biomass is extracted with
an extraction liquid comprising a first organic solvent, optionally as a mixture with
water. Alternatively, extraction involves multiple extraction steps, each with a different
extraction liquid comprising water, one or more organic solvents or mixtures thereof.
Herein, multiple extractions with the same extraction liquid are referred as a single
extraction step. Thus, in case extraction is performed prior to organosolv, extraction
may involve at least one, at least two, at least three, or at least four separate extraction
steps. In one embodiment, at least one aqueous extraction step is performed prior to
organosolv, using water as extraction liquid (i.e. containing less than 20 % of organic
solvent). In an alternative embodiment, at least one aqueous extraction step is
performed prior to organosolv, using water as extraction liquid (i.e. containing less than

20 % of organic solvent), and at least one organic extraction step is performed using an
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extraction liquid comprising at least 20%, preferably at least 50%, more preferably at
least 70 % of an organic solvent.

[0031] In the process according to the invention, side-reactions are avoided when using
a non-hydroxylic solvent, and thus in one embodiment it is advantageous not to employ
a pre-extraction step prior to low temperature organosolv fractionation. In one
embodiment, no organic pre-extraction is performed and no or only an aqueous pre-
extraction is performed. Nevertheless, as pre-extraction may result in an even better
performance of the organosolv step itself and a more efficient enzymatic hydrolysis of
cellulose and thus a further reduction of the required enzyme load and associated costs,
performing one or more aqueous and/or organic pre-extraction steps is not excluded
from the process of the invention.

[0032] Suitable organic solvents to be used in organic pre-extraction include, but are not
limited to, lower alcohols and diols, ethers, ketones, amides, lower alkanes, carboxylic
acids and CO, (supercritical: sc). In the context of the present invention, CO; (sc) is
considered an organic solvent, in view of its suitability in organic pre-extraction.
Herein, “lower” means containing 1-6 carbon atoms (C;-Cs), especially C,-C4 for
alcohols, and especially C;-Cs for other solvents including ketones, ethers, esters and
amides. The organic solvent is preferably water-miscible or capable of dissolving at
least 10 wt% of water. Examples of suitable organic solvents to be used in organic pre-
extraction include methanol, ethanol, propanol, isopropanol, butanol and its isomers,
ethylene glycol, propylene glycol, methoxyethanol, dimethoxyethane, diethylene glycol,
dioxane, acetone, methyl ethyl ketone, tetrahydrofuran, dimethyl formamide, dimethyl
acetamide, N-methylpyrrolidone etc. Further polar (co)solvents can be used as well,
although these are slightly less preferred, for example acetonitrile, formic acid, acetic
acid, methyl acetate, ethyl acetate and non-apolar haloalkanes such as dichloromethane.
Apolar solvents, such as CO, (sc) or hydrocarbons, e.g. pentane, cyclopentane, hexane,
toluene or mixtures thereof, such as petroleum ether, can be also used as (co)solvents, or
as solvents in an optional additional extraction step. In the context of the present
invention, mixtures of miscible organic solvents are also encompassed in the term
“organic solvent”. Preferably, the organic solvent to be used in organic pre-extraction is
selected from methanol, ethanol, propanol, butanol and acetone, more preferably from
methanol, ethanol and acetone. It may be advantageous useful to use the same organic
solvent for pre-extraction as is used as non-hydroxylic organic solvent in the treatment

liquid.
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[0033] The aqueous pre-extraction step is conveniently performed using (non-
demineralised) tap water or filtered, relatively clean water, while demineralised water is
also suitable, with at most 20 wt% added organic solvents or other additives, preferably
without added organic solvents or other additives. Aqueous pre-extraction steps may be
performed using an aqueous extracting liquid, in particular water. The aqueous liquid
may contain agents assisting in the dissolution of extractives, such as acids, bases, salts
and surfactants. The pH may be from slightly alkaline to acidic, e.g. between 2 and 10,
preferably between 4 and 8. If desired minor amounts of an organic solvent (e.g. as
described above for the organic extraction) may be added to the aqueous extracting
liquid. However, the level of organic solvents is preferably kept low, e.g. below 20
wt%, more preferably below 10 wt%, most preferably below 2 wt%o.

[0034] Each individual extraction step of the extraction may be performed using any
extraction technique known in the art. Conveniently, extraction is performed by
washing the biomass with the extraction liquid, or by soaking the biomass in the
extraction liquid. In this embodiment, the biomass preferably soaks at least 1 minute in
the extraction liquid, more preferably between 5 minutes and 600 minutes, most
preferably between 10 minutes and 120 minutes. The extraction may also be performed
stage-wise, in a counter-current mode. In such a staged mode, relatively clean extraction
liquid is used for a second or later stage of the extraction and the extract of the second
or later stage is used as an extraction liquid for the preceding (or first) stage. In this way
the residual amount of extractives in the biomass is minimized while keeping the
amount of extraction liquid relatively low. Counter-current extraction allows a reduction
in the total amount of extraction solvent.

[0035] Each extraction step of the extraction can be performed with water and/or first
organic solvent as extracting liquid, wherein the extracting liquid has a temperature
between its melting temperature and its boiling temperature (or higher if pressurized),
1.e. 1s in liquid form. Preferred extracting temperatures are from 10 to 100°C. For
aqueous extraction steps, the extraction temperature is more preferably from 15 to 75°C,
most preferably from 20 to 60°C, and for organic extraction steps more preferably from
15 to 80°C, most preferably from 30 to 75°C. For extraction steps using a mixture of
water and organic solvent(s), the skilled person will appreciate how to manipulate the
temperatures for optimal results. For each individual extraction step, the amount of
extraction liquid is preferably between 0.1 L and 25 L of liquid per kg of biomass. For

single stage organic extraction, the preferred amount of extraction liquid is between 0.1
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L and 12 L, most preferred between 0.5 L and 6 L of solvent per kg of biomass. For
single stage aqueous extraction, the preferred amount of extraction liquid is between 0.1
L and 12 L, most preferred between 0.5 L and 10 L of solvent per kg of biomass. For
counter-current extraction, the preferred amount of extraction liquid is between 0.1 L
and 6 L, especially between 0.5 L and 4 L solvent per kg biomass. The biomass weight
is understood herein as the dry weight, without adherent water.

[0036] The mixture of biomass and extraction liquid may be filtered after each
extraction step of the extraction, using a filter having small enough pores to retain the
chopped and washed or soaked biomass, and large enough pores to allow the extract
comprising extractives to pass. Typically, the pores of such a filter are between 10 um
and 10 mm in diameter, preferably between 100 um and 1 mm. The retentate
comprising biomass 1s used for further treatment by organosolv as described below.
[0037] During extraction, the total dry weight of the biomass may reduce, as water-
soluble and/or organic solvent-soluble components will be washed away. These
extractives may include salts, proteins, fatty acids, triglycerides, waxes, terpenes and
resin acids. As the skilled person will appreciate, hydrophilic components (e.g. salts,
water-soluble proteins) will predominantly be washed away during aqueous extraction,
i.e. in the pre-extraction step, while lipophilic components are predominantly extracted
during extraction with an organic solvent. The composition and concentration of
washable components is highly dependent on the type of biomass. For example, annual
fibres such as straw contain relatively large amounts of fatty acids and/or waxy
materials, which may be extracted using organic solvent, and (soft)wood may contain

significant amounts of terpenes and resin acids.

Enzymatic hydrolysis

[0038] In a preferred embodiment, the cellulose-enriched product stream (pulp), which
is obtained as a product from the organosolv step, is subjected to enzymatic hydrolysis.
Enzymatic hydrolysis of cellulose to glucose is accomplished by an enzyme or
combination of enzymes capable of hydrolysing cellulose, referred to as hydrolytic
enzymes, preferably cellulases. Hydrolysis of cellulose is also known as cellulolysis.
The activity of cellulase enzymes is typically measured in FPU (filter paper unit); see
Ghose, T. K. Measurement of cellulase activities. Pure Appl. Chem. 1987, 59, 257-268.
The process according to the invention may be performed using any cellulase enzyme.

Suitable cellulase enzymes are endocellulases (cleaving cellulose at inner positions),
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exocellulases (cleaving cellulose at more external positions to produce cellobiose or
cellutetraose), beta-glucosidases (cellobiases, cleaving the exocellulase products into
glucose units). Other cellulase enzymes, such as oxidative cellulases and cellulose
phosphorylases, are less preferred. Preferably a combination of cellulase enzymes is
used, in particular a combination of endo-cellulase, exo-cellulase and [-glucosidase.
Also, hemicellulases (e.g. xylanases, arabinases, mannanases, etc.) may be present to
decompose any residual hemicellulose remaining after the organosolv step.

[0039] In the process according to the invention, the enzymatic hydrolysis of cellulose
may be performed in any manner known in the art. Thus, the cellulose-enriched product
stream or cellulose-rich pulp is brought in contact with an enzyme capable of
hydrolysing cellulose, preferably a mixture of cellulases. The resulting hydrolysate is
rich in glucose, which may be further processed, optionally after separation of solid
residues, such as fermented to produce e.g. ethanol or other alcohols, or thermally or
chemically treated to produce e.g. 5-hydroxymethyl-furfural and other furans, or the
glucose may be used as such, as known in the art.

[0040] In case an aqueous pre-extraction step (i.e. the extracting liquid comprises below
20 wt% organic solvent) is part of the process according to the invention, the aqueous
extract, in particular a protein-containing aqueous extract, obtained by aqueous pre-
extraction, is beneficially used as supplement during enzymatic hydrolysis of the
cellulose pulp. The presence of such an aqueous extract, optionally after (partial)
concentration by methods known in the art, results in significant enhancement of the
enzyme activity during enzymatic hydrolysis of cellulose. As such, the enzyme loading
during enzymatic hydrolysis step can be significantly reduced, without negatively
affecting the yield of glucose and/or the rate of glucose formation. Surprisingly, the
protein-rich aqueous biomass extract, suitable for enhancing the activity of the
hydrolysing enzyme, may efficiently be prepared by extracting the biomass with water
and subsequently filtering the mixture. No further purification steps of the extract are
necessary for achieving a significant increase in enzyme activity during enzymatic
hydrolysis. Other components, which may be co-extracted from the biomass during
aqueous extraction, do not inhibit the hydrolytic enzyme (cellulase) during enzymatic
hydrolysis of cellulose, or this inhibition is more than compensated by the activity raise
caused by the presence of the aqueous extract. Protein from the biomass itself

constitutes a relatively cheap and easily accessible protein source.
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[0041] As a result of the (further) reduced enzyme requirement, this preferred
embodiment of the process according to the invention meets the need for reducing the
costs of enzymatic hydrolysis of cellulose. Without being bound to a theory, the
inventors assume that proteins from the aqueous extract are adsorbed to the lignin
present in the cellulosic substrate. As such, the amount of hydrolytic enzyme inactivated
by adsorption onto liberated lignin decreases. Thus, a cellulose-rich pulp, originating
from pretreated biomass is contacted simultaneously with (i) an enzyme capable of
hydrolysing cellulose, preferably a (mixture of) cellulase(s), and with (ii) a protein-rich
aqueous extract originating from aqueous extraction of biomass. In an especially
preferred embodiment, the biomass is subjected to aqueous pre-extraction, and
optionally organic pre-extraction, and subsequently subjected to pretreatment according
to the present invention, i.e. subjected to organosolv as described herein, and the
protein-rich aqueous biomass extract used during the enzymatic hydrolysis of biomass
originates from aqueous extraction of the same biomass, prior to organosolv. The

protein-rich extract may be the directly obtained extract or a concentrate thereof.

Further process steps

[0042] The cellulose-depleted product stream, resulting from separating off the
cellulose-enriched stream subjected to enzymatic hydrolysis as described above, may be
turther treated or separated for the purpose of isolating other valuable products. In
particular, the cellulose-depleted product stream (liquor), containing lignin, carbo-
hydrates (notably hemicellulose and its degradation products), organic acids, salts and
other compounds. may be depleted in lignin by precipitation of lignin through
decreasing the organic solvent content of the liquor, e.g. by dilution with water and/or
by evaporation of (non-hydroxylic and/or other) organic solvent, e.g. followed by
centrifugation. The resulting liquid stream, which is depleted in cellulose and/or
depleted in lignin, and which contains appreciable levels of hemicellulose derivatives,
e.g. xylose and its oligomers and polymers, may advantageously be subjected to process
steps for recovering these carbohydrates, in particular by anaerobic treatment using an
anaerobic culture from commercial anaerobic digestions or fermentations as a starting
sludge. The temperatures used in the anaerobic treatment are typical for mesophilic
micro-organisms, i.e. between 15 and 55°C, preferably between 30 and 45°C. Biogas
can be collected from the anaerobic treatment. Alternatively, anaerobic fermentation can

be performed for converting the hemicellulose decomposition and possible other



10

15

20

25

30

17

organic products to ethanol or other alcohols, by using yeasts capable of converting

sugars to alcohols and carbon dioxide. The yeast may advantageously have been

engineered to be capable of converting other specific sugars (e.g. xylose) from

hemicelluloses to alcohols as well, e.g. by introducing xylose-isomerase and/or

arabinose-converting enzymes into the yeast (see eg. WO 03/062430, WO
2008/041840, WO 2010/074577).

[0043] The invention in particular pertains to the following preferred embodiments:

1.

10.

A process for fractionating lignocellulosic biomass, comprising the step of
treating the biomass with a treatment liquid at a temperature below 170 °C,
wherein the treatment liquid comprises:

1) atleast 20 wt% of a non-hydroxylic organic solvent,

i1)  atleast 5 wt% of water, and

iii) between 0.5 and 250 g acid per kg biomass.

The process according to embodiment 1, wherein the non-hydroxylic organic
solvent is a ketone.

The process according to embodiment 2, wherein the ketone is acetone.

The process according to any one of embodiments 1-3, wherein the biomass is
treated at a temperature between 120 °C and 165 °C.

The process according to any one of embodiments 1-4, wherein the treatment
liquid comprises a weight ratio of organic solvent(s) to water between 20/80 and
80/20, preferably between 40/60 and 65/35.

The process according to any one of embodiments 1-5, wherein the treatment
liquid comprises between 0.01 wt% and 2.0 wt% of the acid.

The process according to any one of embodiments 1-6, wherein the acid has a
pKa value of 4.5 or lower.

The process according to any one of embodiments 1-7, wherein the acid is
sulfuric acid.

The process according to any one of embodiments 1-8, wherein the treatment
liquid comprises between 0 and 25 wt%, preferably between 0 and 10 wt.% of a
hydroxylic solvent, the level of hydroxylic solvent being lower than the level of
the non-hydroxylic organic solvent.

The process according to any one of embodiments 1-9, further comprising one

or more steps of extracting the biomass with an extracting liquid at a temperature
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below 100 °C prior to the treatment with the treatment liquid, wherein the
extracting liquid comprises water and/or an organic solvent.

11.  The process according to embodiment 10, wherein the extracting liquid of at
least one extracting step comprises at least 80 wt% water.

12.  The process according to embodiment 10 or 11, wherein the extracting liquid of
at least one extracting step comprises at least S0 wt% of an organic solvent,
preferably selected from C,-C, alcohols and Cs;-Cs ketones.

13.  The process according to any one of embodiments 1-12, wherein the
lignocellulosic biomass is selected from herbaceous biomass, softwood and
hardwood and combinations thereof, preferably the lignocellulosic biomass
comprises herbaceous biomass.

14.  The process according to any one of embodiments 1-13, further comprising a
step of subjecting a stream resulting from treating the biomass with the treatment
liquid and subsequently enriched in cellulose, to enzymatic hydrolysis.

15.  The process according to any one of embodiments 1-14, further comprising a
step of subjecting a stream resulting from treating the biomass with the treatment
liquid and subsequently depleted in cellulose and/or depleted in lignin, to

fermentation.

Examples

Example 1: Low temperature organosolv with acetone

[0044] Wheat straw was chopped into pieces of about 1 cm length, and was divided into
eight batches which received different treatments as summarised in Table 2. Pre-
extraction was performed on batches 2, 5 and 7, which involved extraction with 10 L
water per kg biomass, and subsequently with 10 L ethanol or acetone per kg of the
original biomass prior to aqueous extraction. Batches 1-8 were subsequently subjected
to organosolv at the indicated temperature, using the solvent system and treatment time
as given in Table 2. The liquid/solid ratio was 10 L per kg biomass. Sulfuric acid was
added to the treatment liquid of batches 1-7. The increased H,SO4 concentration for the
batches which did not undergo pre-extraction (1, 3, 4, 6) was applied to counteract the
higher acid-neutralisation capacity of the mineral part of the original biomass, which is
otherwise lowered during pre-extraction by (partial) removal of the mineral part. For
batch 8, no acid was added, and organosolv was performed auto-catalytically at a

temperature of 205 °C.
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[0045] Table 2: Pre-extraction and treatment conditions of wheat straw

batch | pre-extraction organosolv
t (min) T (°C) solvent system (w/w) | HySO4 (mM)
1 |no 120 140 ethanol/water (60/40) 60
2 | water; ethanol 120 140 ethanol/water (60/40) 50
3 |no 120 140 acetone/water (50/50) 60
4 |no 60 140 acetone/water (50/50) 60
5 | water; acetone 60 140 acetone/water (50/50) 50
6 |no 60 140 acetone/water (60/40) 60
7 | water; acetone 60 140 acetone/water (60/40) 50
8 |no 60 205 acetone/water (50/50) 0

[0046] During organosolv with ethanol/water as treatment liquid (batch 1), the
formation of balls of fatty acids and/or waxy material was observed, which hindered the
fractionation of straw into the lignin-enriched liquor and the cellulose-enriched pulp,
giving i.a. rise to a lower glucan concentration in the pulp. Only when pre-extracted
biomass was subjected ethanol/water organosolv (batch 2), no waxy balls were
observed. In batches 3-7, which are according to the invention and wherein
acetone/water was used as treatment liquid, no such balls were observed for both the
pre-extracted and non-pre-extracted wheat straw.

[0047] The results of the organosolv regarding the pulp are given in Table 3. Pulp
yields, delignification percentages and pulp compositions are acceptable for all
experiments, although for the ethanol organosolv (not according to the invention), the
additional step of pre-extracting the biomass gave a higher glucan purity of the pulp.
Reducing the reaction time from 120 to 60 minutes of acetone organosolv (batches 3 vs.
4) gave surprisingly similar results in terms of delignification and pulp compositions,
while pulp yield increases. High temperature organosolv (batch 8) gave similar results
in terms of pulp composition and delignification, indicating that reducing the
temperature does not negatively affect the performance of the organosolv fractionation.
The form of the lignin (hydroxyl content) obtained as precipitate from the liquor
obtained after organosolv is also given in Table 3. First of all, the lignin obtained by
low temperature organosolv with acetone shows an increased content of hydroxyl

groups, when compared to low temperature organosolv with ethanol as solvent,
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indicative of more native lignin and reduced formation of pseudo-lignins. In addition,
the hydroxyl content of the lignin is markedly increased when compared to lignin
obtained with high temperature organosolv at about 200 °C, which is about 4 mmol/g
lignin. The hydroxyl content of the lignin was determined via the wet chemical method
as described by Zakis er al., “Functional analysis of lignins and their derivatives”,
TAPPI Press, Atlanta, 1994, page 94.

[0048] Compositions were determined using the method described in W.J.J. Huijgen,
A.T. Smit, P.J. de Wild, H. den Uil, BioResource Technology, 2012, [14, 389-398.
Therein, glucan, xylan and other polysaccharides were determined by hydrolysis and
monosaccharide analysis and thus include any hydrolysis products (oligomers and
monomers). The four components given in Table 3 make up approximately 90 wt% of
the pulp, and the remaining 10 wt% may include (precursors of) sugar monomers
(including arabinose, galactose, mannose and rhamnose), uronic acids and extractives

(non-structural components such as peptides, lipids, DNA, chlorophyll).

[0049] Table 3: Pulp yield and composition, hydroxyl content of lignin

pulp yield | delignification pulp composition (wt%)
batch oH™

(wt%o) (%) glucan | xylan | lignin ash
1 50.4 73.9 6.0 63.8 8.5 9.2 6.8
2 40.2 87.5 6.4 78.9 3.5 5.5 4.6
3 43.0 73.1 6.9 73.9 3.1 11.0 3.2
4 50.1 69.8 6.7 68.6 6.5 10.6 53
5 43.0 82.1 7.9 75.8 3.9 7.3 6.0
6 48.6 74.2 5.7 69.1 5.6 94 6.5
7 42.0 843 7.0 77.8 32 6.6 49
8 48.7 78.6 nd 65.4 7.8 7.0 11.1

[a] Based on dry weight of the fresh biomass, before pre-extraction.
[b] Reduction in lignin content in pulp compared to fresh biomass.
[c] OH content in mmol per g lignin; nd = not determined.

[d] Based on dry weight of cellulose pulp.

[0050] Some xylan and glucan degradation products were detected in the lignin-
containing liquor. The products obtained from xylan and glucan are given in Table 4, in

xylose and glucose equivalents respectively. In general, more residual xylan is found in
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the pulp when no pre-extraction is performed, when ethanol is used instead of acetone
(batches 1 and 2), and when organosolv is performed at high temperature (batch 8). The
hydrolysis and degradation products of xylan are found in the liquor. Importantly, the
yield of monomeric xylose s greatly increased when ethanol is replaced by acetone, and
no ethyl xylosides are formed using low temperature organosolv with acetone. Some
furfural is detected in all liquors. Most, if not all of the remaining hemicellulose will
have been converted to soluble xylo-oligosaccharides (XOS), which end up in the
liquor. Regarding the glucan products, the major difference between ethanol and
acetone as organic solvent is the formation of glucosides in the hydroxylic solvent,
while no ethylglucosides are formed using the non-hydroxylic solvent. The most
significant effect associated with reducing the temperature of the organosolv reaction
from 205 °C to 140 °C is the increase in xylose yield, while the xylan hydrolysis degree
remains more or less the same. This indicates that xylan degrades beyond its monomeric
sugars at high temperature into undesirable by-products which have not been measured.
Likewise, glucan is degraded to some extent at high temperature, which is not found as
glucose monomers or HMF. Thus, the glucose monomers that are formed during

organosolv degrade into undesirable by-products at 205 °C.

[0051] Table 4: Distribution of xylan and glucan products

batch xylan (%)™ glucan (%)™

xylan Xyl furfural EX glucan Gle HMF EG
1 21.5 329 7.7 38.1 90.7 25 bdl 4.6
2 72 36.9 11.1 46.6 89.5 3.0 bdl 54
3 6.8 81.3 15.4 - 89.8 7.3 0.8 -
4 16.4 73.2 7.3 - 972 5.6 0.5 -
5 8.4 76.7 9.7 - 92.1 5.6 0.3 -
6 13.6 71.9 94 - 948 5.7 0.5 -
7 6.7 70.2 12.6 - 924 6.0 0.5 -
8 17.7 0.6 3.8 - 92.0 bdl 0.2 -

[a] In xylose equivalents; moles of product based on total moles of xylose monomeric
units present in xylan in the fresh biomass, before pre-extraction. Total percentages
above 100% result from measuring inaccuracies. Xylan is found in the pulp, the rest

in the liquor. Xyl = xylose; EX = ethyl xylosides;
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[b] In glucose equivalents; moles of product based on total moles of glucose monomeric
units present in glucan in the fresh biomass, before pre-extraction. Total percentages
above 100% result from measuring inaccuracies. Glucan is found in the pulp, the rest
in the liquor. Glc = glucose; HMF = S5-hydroxymethyl-furfural, EG = ethyl-

glucosides; bdl = below detection limit.

[0052] The cellulose-enriched pulp obtained by organosolv fractionation of each of the
batches was subsequently subjected to enzymatic hydrolysis. Conditions: 10 FPU per
gram pulp (for batches 1 and 2: 20 FPU/g, for batch 8: 38 FPU/g) of cellulase enzyme
(Accellerase 1500 (batches 1-7) or Accellerase 1000 (batch 8), DuPont Industrial
Biosciences); 1.50 g pulp (dry weight) per 50.0 mL water buffered at pH 4.8; time = 72
h. The progress of the enzymatic hydrolysis was monitored by determination of the
glucose yield (as wt% based on total dry weight of the pulp at t = 0 h) at various
intervals up to t = 72 h. The figure summarises the results obtained using the cellulose-
enriched pulp obtained by organosolv of batches 1 — 8. Maximum glucose conversion
values for batches 1, 2 and 8 were obtained after 24 h, in view of the increased enzyme
load. The cellulose pulp obtained by organosolv at reduced temperatures is readily
hydrolysed with a relatively low enzyme load of 10 FPU/g. Batches 4 — 7, subjected to
low temperature organosolv with acetone for 60 minutes, were hydrolysed more or less
similarly to batch 3 which was subjected to organosolv for 120 minutes. From a cost-
effectiveness point of view, it is beneficial to perform the organosolv reaction for a
shorter period of time, for which the process according to the invention is well suited.
The pulp obtained with high temperature organosolv gave a lower yield in glucose,
especially since the final conversion was already obtained after 24 h, while the other
batches did not reach the final glucose conversion at the end of the measurement at t =
72 h. The pulp obtained by ethanol organosolv of non-pre-extracted biomass (batch 1)
gave slightly lower glucose yield than the pulp obtained by acetone organosolv of
batches 3, 5 and 7, especially in view of the expected further conversion of these
batches after t = 72 h. The pulp obtained from ethanol organosolv of pre-extracted
biomass (batch 2) gave the highest glucose yield, based on total weight of the pulp,
which is due to its high glucan content (see Table 3) and a higher enzyme activity.
However, the total glucose yield based on the glucan present in the fresh biomass is
more or less similar for all experiments. Thus, it is concluded that the organosolv

process is efficiently performed at reduced temperatures, such as at 140 °C or lower,



10

15

20

25

23

using acetone as organic solvent, and that the cellulose pulps obtained therewith are

efficiently hydrolysed to glucose.

Example 2: Low temperature organosolv with ethyl levulinate

[0053] Wheat straw was chopped into pieces of about 1 cm length, and was divided into
three batches which were subsequently subjected to organosolv at 140 °C for 120 min,
using the solvent system as given in Table 5. The liquid/solid ratio was 10 kg per kg
biomass. 60 mM of sulfuric acid was added to the treatment liquid. Replacing ethanol
for ethyl levulinate as the organic solvent did not significantly affect the pulp yield, but
gave a rise in lignin yield, determined as amount of lignin precipitated upon a three-
times dilution of the liquor with water having a temperature of about 5 °C, based on
total weight of lignin present in the biomass. Using ethyl levulinate as a solvent resulted
in a larger share of lignin that ended up in the liquor. From the unchanging pulp yield
and the increase in lignin yield in the liquor, it can be concluded that the pulp contains
an increasing content of glucan, with increasing ethyl levulinate content in the treatment
liquid.

[0054] Tables 6 and 7 give the yield of degradation products of xylan and glucan
formed during organosolv. When ethanol is replaced by ethyl levulinate, less xylosides
and glucosides were formed during low temperature organosolv, and the content of
monomeric sugars increased, indicative of less degradation or further reaction of

hemicellulose and cellulose beyond their monomers.

[0055] Table 5: Organosoly conditions and results of wheat straw

batch | solvent system (w/w)™ pulp yield (%)™ lignin yield (%)@
1 ethanol/water (50/50) 47.0 50.2
2 ethanol/EL/water (40/10/50) 46.2 56.1
3 EL/water (50/50) 454 69.8

[a] EL = ethyl levulinate
[b] Based on dry weight of the fresh biomass.

[c] Amount of lignin precipitated, based on total weight of lignin in the fresh biomass.
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[0056] Table 6: Xylan degradation products observed in liquor™

batch xylose arabinose furfural xylosides
1 33.6 42 6.3 26.2

2 34.9 4.6 7.4 245

3 50.7 6.7 15.2 11.7
[a] In wt% based on dry weight of xylan in the fresh biomass.

[0057] Table 7: Glucan degradation products observed in liquor™

batch glucose galactose glucosides HMF EMF
1 2.8 1.0 32 0.3 0.1
2 2.7 1.0 2.8 0.3 bdl
3 5.1 1.5 1.6 0.5 bdl

[a] In wt% based on dry weight of glucan in the fresh biomass. HMF

5-

(hydroxymethyl)furfural;, EMF = 5-(ethoxymethyl)furfural; bdl = below detection

limit.
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Gewijzigde Conclusies (schoon)

Werkwijze voor het fractioneren van lignocellulose-biomassa, waarbij men de
biomassa onderwerpt aan een organsolv stap waarbij men de biomassa bij een
temperatuur tussen 100 en 160 °C behandelt met een behandelingsvloeistof, welke
behandelingsvloeistof omvat:
1) 20— 70 gew% van een niet-hydroxylisch organisch oplosmiddel welke een
ether- en/of carbonylgroep omvat,
i) 20— 80 gew% water, en

i11) tussen 0,5 en 100 g zuur per kg biomassa.

Werkwijze volgens conclusie 1, waarbij het niet-hydroxylische organische oplos-

middel een keton is.

Werkwijze volgens conclusie 2, waarbij het keton aceton is.

Werkwijze volgens een der conclusies 1-3, waarbij de behandelingsvloeistof
omvat:

1) 30— 60 gew% van het niet-hydroxylisch organisch oplosmiddel,

i) 40 — 70 gew% water, en

i11) tussen 5 en 75 g zuur per kg biomassa.
Werkwijze volgens een der conclusies 1-4, waarbij de behandelingsvloeistof een
gewichtsverhouding van organisch oplosmiddel tot water tussen 40/60 en 65/35

heeft.

Werkwijze volgens een der conclusies 1-5, waarbij de behandelingsvloeistof

tussen 0,01 gew% en 2,0 gew% van het zuur bevat.

Werkwijze volgens een der conclusies 1-6, waarbij het zuur een pKa-waarde van

4,5 of lager heeft.

Werkwijze volgens een der conclusies 1-7, waarbij het zuur zwavelzuur is.



10

15

20

10.

11.

12.

13.

14.

26

Werkwijze volgens een der conclusies 1-8, waarbij men verder in een of meer
stappen voorafgaand aan de behandeling met de behandelingsvloeistof de biomassa
bij een temperatuur beneden 100 °C met een extractievloeistof extraheert, waarbij

de extractievloeistof water en/of een organisch oplosmiddel bevat.

Werkwijze volgens conclusie 9, waarbij de extractievloeistof van ten minste één

extractiestap ten minste 80 gew% water omvat.

Werkwijze volgens conclusie 9 of 10, waarbij de extractievloeistof van ten minste
één extractiestap ten minste 50 gew% van een organisch oplosmiddel, bij voorkeur

gekozen uit C,-C,4 alcoholen en Cs-Cs ketonen, omvat.

Werkwijze volgens een der conclusies 1-11, waarbij de lignocellulose-biomassa
wordt gekozen uit grasachtige biomassa, naaldhout en loothout en combinaties

daarvan, en de lignocellulose-biomassa bij voorkeur grasachtige biomassa omvat.

Werkwijze volgens een der conclusies 1-12, waarbij men verder een uit de
behandeling van de biomassa met de behandelingsvloeistof voortkomende en

vervolgens aan cellulose verrijkte stroom aan enzymatische hydrolyse onderwerpt.

Werkwijze volgens een der conclusies 1-13, waarbij men verder een uit de
behandeling van de biomassa met de behandelingsvloeistof voortkomende en
vervolgens aan cellulose verarmde en/of aan lignine verarmde stroom aan

fermentatie onderwerpt.
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This opinion contains indications relating to the following items:

Box No. | Basis of the opinion

Box No. Il Priority

Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

BoxNo.V  Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the application

KOO XROOOR

Box No. VIl Certain observations on the application

Examiner

olde Scheper, Bernd
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Box No. | Basis of this opinion

. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
[ table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
c. time of filingfurnishing:
Ll contained in the application as filed.
O filed together with the application in electronic form.

- O furnished subsequently for the purposes of search.

. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement
Novelty Yes: Claims

No: Claims 1-15
Inventive step Yes: Claims

No: Claims 1-15
Industrial applicability Yes: Claims 1-15

No: Claims

. Citations and explanations

see separate sheet
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Box No. VIl Certain observations on the application

see separate sheet
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Reltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

D1

D2

D3

D4

D5

D6

WOUTER J. J. HUIJGEN ET AL: "Pretreatment and Fractionation of
Wheat Straw by an Acetone-Based Organosolv Process”,

iINDUSTRIAL & ENGINEERING CHEMISTRY RESEARCH,

deel 49, nr. 20, 20 oktober 2010 (2010-10-20), bladzijden 10132-10140,
XP055112723,

ISSN: 0888-5885, DOI: 10.1021/ie101247w

in de aanvraag genoemd

Denilson Da Silva Perez ET AL: "Selective Acetone-Water Delignification
of Eucalyptus urograndis: An Al- ternative Towards the Biorefinery
Approach”,

The Open Agriculture Journal, 2010, 4, 145-152, 1 januari 2010
(2010-01-01), bladzijden 145-152, XP055115317,

Gevonden op het Internet:
URL:http://www.benthamscience.com/open/toasj/articles/V004/
SI0085TOASJ/145TOASJ. pdf

[gevonden op 2014-04-25]

in de aanvraag genoemd

WO 2007/120210 A2 (NATUREWORKS LLC [US]; O'CONNOR RYAN P
[US]; WOODLEY ROBERT [US]; KOLST) 25 oktober 2007 (2007-10-25)

S. | Aronovsky ET AL: "THE COOKING PROCESS IX. PULPING WOOD
ALCOHOLS AND OTHER ORGANIC REAGENTS",

Industrial & Engineering Chemistry, 1 november 1936 (1936-11-01),
bladzijden 1270-1276, XP055112827,

DOI: 10.1021/ie50323a009

AZIZ S ET AL: "ORGANOSOLYV PULPING - A REVIEW",

TAPPI JOURNAL, TECHNICAL ASSOCIATION OF THE PULP & PAPER
INDUSTRY. ATLANTA, US,

deel 72, nr. 3, 1 maart 1989 (1989-03-01), bladzijden 169-175,
XP000027297,

ISSN: 0734-1415

WO 2006/134126 A1 (SHELL INT RESEARCH [NL]) 21 december 2006
(2006-12-21)
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D7

D8

1.1
1.2

1.3

1.4

1.5

1.6

WO 84/03304 A1 (SHAUGHNESSY JAMES PATRICK O [US]; PASZNER
LASZLO [CA]) 30 augustus 1984 (1984-08-30)

WO 2012/031356 A2 (LIGNOL INNOVATIONS LTD [CA]; BERLIN ALEX
[CA]; BALAKSHIN MIKHAIL Y [CA) 15 maart 2012 (2012-03-15)

Preliminary remarks
Explicit reference is made to Item VIII below.

The claims on file are considered to be unduly wide and speculative and it
cannot be derived from the description as filed what the applicant believes to
be his invention, which in its turn raises doubts about sufficiency of disclosure.

It is a common requirement of patent systems that the claimed invention
should be disclosed in such way that the technical problem, or problems, with
with it deals can be appreciated and the solution can be understood, at least
in its relation to the background art of which the applicant is aware. The
present application does not comply with said common requirements.

It appears that the description has been drafted as a pool of options and
possibilities which would even more hinder any skilled worker to appreciate
the claimed invention, alone, and over the whole range claimed.

Independent claim 1 defines that the treating liquid comprises at least 20 wt-%
of a non hydrolytic organic solvent which is claimed to be the core of the
claimed invention (see paragraph [0011], 1% sentence). However, paragraph
[0022] defines that the amount of hydrolytic organic solvents may be even
higher than that of the non hydrolytic one. From this it follows that the
indicated lower limit is randomly chosen. Further, the "partial replacement
claim" in paragraph [0022] is not supported in any way by any comparative
examples.

Independent claim 1 equally defines an amount of acid present which may be
0.25 kg per kg biomass. Any skilled worker would consider such amounts as a
large amount, well above any catalytic amounts (see paragraph [0019], last
sentence). Further, the application as filed does not contain any comparative
examples supporting the claim that 0.25 kg per kg biomass does not cause
corrosion.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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1.7

1.8

3.2

4.2

Table 2 of the application as filed already reveals that there is apparently no
problem. It may be noted that apart from the feature "ethanol”, examples 1-7
are encompassed by independent claim 1. The absence of any pre-extraction
step is not claimed and example 2 shows that there is no problem with
ethanol/water.

In addition, as stated before, the partial ethanol replacement by acetone is not
supported by any experiments.

Tables 5, 6 and 7 equally indicate the unduly broadness of the claims on file,
this time for the solvent ethy! levulinate. Document D8 discloses the
production of ethyl levulinate from an organosolv process and the skilled
worker may suspect that a compound obtained from degradation products of a
polymer may very well act as a good solvent for said polymer.

The present application relates to a process for fractionating a ligno cellulosic
biomass and encompasses 1 independent claim.

Documents D1 and D2

Documents D1 and D2 disclose the process of independent claim 1 but for the
presence of 0,005 to 0,25 kg acid per kg biomass in the treatment liquid.

The present application lacks an inventive step in view of D1 and/or D2, since
the application as filed does not contain effects, let alone any beneficial,
unexpected, surprising, synergistic effects originating from the presence of
any acid, let alone within the indicated amounts, in the treatment liquid.
Moreover, acid is generally known to catalyse the process.

Document D3

Document D3 discloses in the examples the process of independent claim 1
but for the presence of the non hydrolytic organic solvent. It can easily be
calculated that the amount of acid per kg biomass falls within the range
presently claimed.

Document D3 discloses at page 5, line 32 that a ketone, an example of a non
hydrolytic organic solvent can be used instead of ethanol. This is a single
selection out of one list and the present application lacks novelty.

Document D4 is an example of early prior art disclosing the use of dioxane or
urea (see page 1270, left hand column; Table 1, examples 104 and 127).

Form NL237-3 (separate sheet) (July 2006) (s—heet 3)
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10

11

Document D5 discloses acid-catalysed organosolv delignification with acetone
(see page 172, "Low boiling solvents"). At page 170 (see "Acid-catalysed
processes") it is disclosed that acidic catalysts are used to lower the auto-
catalysed process which ranges from 185°C. The upper limit of the present
application of 170°C is very close.

Document D6 discloses the process of independent claim 1 in which a lactone
is used as well as an acid (see claims 1 and 6). Acetone as co-solvent is also
disclosed (see page 5, line 26).

Thus, the present application lacks novelty.

Document D7 discloses the process of the present application using acidic
aqueous acetone at 145°C (see claims; page 9, line 2; Example Ill, Table 3).

Thus, the present application lacks novelty.

Dependent claims 2-15 do not contain any features which, in combination with
the features of any claim to which they refer, meet the requirements of novelty
and/or inventive step, the reasons being as follows:

the subject matter of said dependent claims appears to be either known from
or directly derivable from the available prior art, or the application as filed
appears not to contain any beneficial, synergistic, surprising or unexpected
results originating from any distinguishing feature which would support any
inventive activity.

It is not apparent what part of the application can form the basis for an
allowable claim.

Consequently, the applicant may expect that in any future prosecution of the
present application, (an) additional search(-es) may be performed revealing
further pertinent prior art, depending on the way the applicant intends to
overcome the present indicated objections.

Re ltem Vil
Certain observations on the application

1

In order to establish the scope of any claim for the purpose of meeting the
objective of any preliminary examination all features used must be clearly
defined. The clarity of the claims is of the utmost importance for the purpose
of formulating an opinion on the questions whether the claimed invention
appears to be novel, to involve an inventive step and to be industrially
applicable in view of their function in defining the matter for which protection is
sought.

Form NL237-3 (separate sheet) (July 2006) (sheet 4)
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3.1

3.2

3.3

4.2

It is to be noted that the applicant can not rely on an unclear term to
distinguish the claimed invention from the prior art.

It should be noted that the claims on file are by no means restricted to the
mandatory features expressed in said claims. Due to the feature "omvat" (i.e
"comprising") there is no restriction regarding the presence of any additional
component and/or process step.

It may be observed that the claims on file are drafted in a very broad manner.
Features that are generally known to have a decisive influence on the
outcome of the claimed process steps are not defined in the claims.

It is known that the molecular composition and the relative amounts of the
extracting medium in relation to the biomass as well as the extraction time
(and maybe even pressure?) are essential parameters for any treatment.

Moreover, the process defines an "organic solvent". In paragraphs [0019] to
[0022] a definition is given. However, the skilled worker may wonder why
component (i) is defined as non hydrolytic if the majority of organic solvents
may by hydrolytic.

Having regard the "process for fractionating"-steps, the skilled worker can only
wonder what part of the chemical pulping is actually meant. The claim only
defines "treating” below 170°C (the lower border will then obviously be
"higher"” than the melting point of the liquid) with a partly identified liquid. Said
treatment can be mere moisturising, washing, pre-treatment, treatment,
organosolv, or after treatment. Dependent claim 10 encompasses fully the
scope of independent claim 1, see also paragraph [0040].

The description appears to identify the process step of independent claim 1 as
the organosolv process.

General remark relating to the submitted experiments

The applicant is reminded that any claimed inventive activity (i.e. effect) can
only be supported by experiments which clearly and verifiably show that said
claimed effect originates from the distinguishing feature(s), alone and over the
whole range claimed.

This is especially true if the applicant intends to show an effect using a
process step that is not mandatory within the scope of independent claim 1,
like any enzymatic hydrolysis and/or any pre-extraction step (see present
examples).

Form NL237-3 (separate sheet) (July 2006) (sheet 5)
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5 It can also be derived from the description that the applicant believes to have
found an amendment of the well known and described organosolv process,
(see paragraph [0011], 1 sentence). This is neither reflected in the broadly
defined claims, nor made apparent by verifiable results in the description.

6 It may generally be noted, that it should be apparent that the claims on file

solve the problem posed gver the whole range claimed. It appears apparent

that the broadly defined claims on file can never solve any problem posed
over the whole range claimed.
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