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DESCRIPTION

[0001] The present invention is directed to a process for self-sufficient hydrolysis of
lignocellulosic material. In an additional aspect, the present invention is directed to a process
for the production of an organic product.

[0002] Due to limited resources of mineral oil and demands to reduce CO, emissions the

chemical industry seeks more sustainable production routes for the manufacture of commodity
chemicals such as liquid fuels and base chemicals. Part of that strategy focusses on the
conversion of lignocellulosic biomass into versatile chemicals or fuels such as ethanol.
Lignocellulosic biomass contains cellulose (~ 25-40% w/w d.s.), hemicellulose (~ 15-25% w/w
d.s.) and lignin (~ 15-30% w/w d.s.) as major components and minor amounts of other
carbohydrates, waxes, proteins and inorganic compounds. Among forms of plant biomass,
lignocellulosic biomass derived from any forestry and agricultural waste streams, such as wood
residues and cereal straw are particularly well suited for conversion to commodity chemicals
and fuels because of their availability, low cost and environmentally sound production.
Additionally, life cycle analyses of production processes utilising lignocellulosic feedstocks
indicate reduced greenhouse gas emissions compared to processes based on other
feedstocks.

[0003] Various process options that describe the conversion of lignocellulosic biomass to
ethanol and other base chemicals have been described (Pejo et al., 2008). To realize these
processes on an industrial scale it is particularly desirable to transfer the maximal amount of
energy, carbon and mass content contained in the renewable feedstock to the end products. At
present none of the described conversion processes have realised this to the full extent.

[0004] Exemplary unit operations for the biotechnological conversion of lignocellulosic material
(e.g. straw) to value-adding products (e.g. ethanol) are: mechanical de-sizing and/or
physicochemical pretreatment, enzymatic hydrolysis, fermentation and product recovery. To
ascertain maximum process efficiency it is mandatory to convert a maximum amount of
polysaccharides into soluble sugars during the enzymatic hydrolysis unit.

[0005] Regarding industrial scale cellulosic ethanol production, the key barrier is still the
expenditure for cost for efficient enzymatic hydrolysis of pre-treated lignocellulose at high
solids concentrations.

[0006] Thus, the hydrolysis of the cellulose fraction has been identified as one of the main
obstacles in conversion of lignocellulose to ethanol. At present enzyme cost and performance
required for efficient biomass hydrolysis are the major bottlenecks.

[0007] Decomposition of the pre-treated biomass slurry into fermentable monomeric sugars
can be accomplished by either acid or enzyme catalysed hydrolysis. The enzymatic hydrolysis
is more selective and less energy intense than comparable chemical (such as acid-based)
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methodologies, therefore providing more favourable process economics and potentially a
higher ethanol yield during fermentation.

[0008] Suitable enzyme systems that convert polymeric sugars such as cellulose and
hemicellulose into hexose (i.e. glucose) and pentose (i.e. xylose) monomers typically contain
cellulase, hemicellulase and beta-glucosidase activities. Enzyme systems containing cellulase
and beta-glucosidase activities are often produced in submerged liquid cultures of fungi, e.g.
Trichoderma sp. and/or Aspergillus sp.. Residue of fungal biomass is usually separated from
the fermentation broth and discarded. The fermentation broth is then concentrated, stabilised
and formulated for the resulting enzyme product to be shipped.

[0009] According to Kristensen et al. (2009) enzymatic hydrolysis of biomass is often
conducted at a lower solids content of 10 - 20 % w/w. A solid content above 15% w/w often
leads to significant losses in monomeric sugar yields. This effect is due to problems associated
with homogenous mixing of high solid content slurries leading to uneven enzyme distribution.
In addition, accumulation of end products like cellobiose and glucose released during
enzymatic hydrolysis can lead to inherent inhibition of cellulase and beta-glucosidase activities
(Xiao et al., 2004a).

[0010] Rao et al. (1985) indicate the utilisation of the entire fungal fermentation slurry for
efficient hydrolysis of cellulose substrates. However, artificial media were used for enzyme
production, which do not allow tailoring the hydrolysis enzyme production to a specific
feedstock and/or pre-treatment option and therefore efficiency of the enzyme production is
rather low. Tolan (Clean Techn Environ Policy 3 (2002) 339-345) describes in "logen's process
for producing ethanol from cellulosic biomass” the use of crude broth from the hydrolysis as
medium for enzyme production to save process costs. Another drawback of the methods
disclosed by Rao et al. and Tolan is the limitation to secreted enzymatic activities, because
nothing is undertaken to facilitate release of non-secretory or cell-surface bound enzymes.

[0011] Ju, L.-K & Afolabi, O.A. ("Wastepaper Hydrolysate as Soluble Inducing Substrate for
Cellulase Production in Continuous Culture of Trichoderma reesei", BIOTECHNOLOGY
PROGRESS 15 (1999) 91-97) disclose a process for self-sufficient enzymatic hydrolysis of
lignocellulose-containing material comprising the steps:

1. a) subjecting a lignocellulose-containing material to a pretreatment in a pretreatment
device,

2. b) contacting the pretreated lignocellulose-containing material of step a) with at least one
hydrolase in a hydrolysis vessel to form a hydrolyzate,

3. ¢) separating the hydrolyzate and subsequently dividing the hydrolyzate into two parts i)
and ii), wherein part i) is directed to a cultivation vessel,

4.d) fermenting part i) of the hydrolyzate with at least one fungus capable of the
production of at least one enzyme belonging to the class of hydrolases,
and

5. e) redirecting the fermented hydrolyzate of step d) to the hydrolysis vessel of step b),
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wherein the pretreated lignocellulose-containing material is treated to remove at least
one substance inhibitory to at least one enzyme and/or at least one microorganism
and/or fungus.

[0012] The aforementioned conventional techniques for degradation of biomass are either
inefficient or depend on time- and cost-consuming addition of commercial, separately
produced enzymes or enzyme mixtures which are appropriate for the degradation of the
specific biomass.

[0013] Further, also the use of crude slurry or broth does not overcome these drawbacks, as it
leads not only to the desired provision of the necessary sugars for fungal fermentation, but will
inevitably also import a variety of non-desired inhibitory and/or toxic substances to the
fermentation process. Thus the advantage of using a cheap fermentation medium will be offset
by a severe drawback in efficiency regarding enzyme production.

[0014] Within the EP 2 471 940 an efficient lignocellulose hydrolysis process with integrated
enzyme production was described. In this process the media for enzyme fermentation consists
of high amounts of suspended solids. To further improve economics, the aim of the invention is
to develop a lignocellulose hydrolysis and enzyme fermentation process with a minimized
amount of suspended solids and inhibitors, whereas the amount of soluble carbohydrates is
further increased.

[0015] Therefore, the object of the present invention is the provision of an improved highly
efficient process for degradation of biomass, such as lignocellulosic biomass.

[0016] The inventors of the present invention have now surprisingly found that this object of
the present invention may be achieved by a process for self-sufficient enzymatic hydrolysis of
lignocellulose-containing material, comprising the steps

1. (a) subjecting a lignocellulose-containing material to a pretreatment in a pretreatment
device;

2. (b) contacting the pretreated lignocellulose-containing material of step a) with at least
one enzyme belonging to the class of hydrolases in a hydrolysis vessel to form a
hydrolyzate;

3. (c) separating the hydrolyzate and subsequently dividing the hydrolyzate into two parts
(i) and (i), wherein part (i) is directed to a cultivation vessel;

4. (d) fermenting part (i) of the hydrolyzate with at least one microorganism and/or fungus
capable of the production of at least one enzyme belonging to the class of hydrolases;
and

5. (e) redirecting the fermented hydrolyzate of step d) to the hydrolysis vessel of step b);

wherein the hydrolyzate is treated to remove at least one substance inhibitory to at least one
enzyme and/or at least one microorganism and/or fungus.
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[0017] The process for enzymatic hydrolysis of lignocellulose-containing material of the
present invention is particularly advantageous as it is self-sufficient but also highly efficient as
integrating hydrolyzate of the all-over process within the enzyme production step (d) will enable
an economical production and direct on-site integration of a maximum amount of suitable
hydrolytic enzymes leading to a maximum amount of soluble carbohydrates. Further, removal
of inhibitory substances during at least one process stage will enable a process which can not
only be run self-sufficient but also continuously with high efficiency as hydrolytic enzyme
production will not be slowed down or inhibited by undesired substances leading to further
economical advantages.

[0018] Within the present invention the term "lignocellulose-containing material” is to be
understood to comprise all kind of material known to a person skilled in the art as comprising
lignocellulose. Terms "lignocellulose-containing material”, "lignocellulose-containing biomass”,
"lignocellulosic material” and "lignocellulosic biomass" are to be understood as synonyms
within the present invention. Particularly preferred lignocellulose-containing material according
to the present invention include wood, cereal straw and/or husks, bagasse, oat hulls, switch
grass, cellulose, raw paper pulp (obtained from pulp and paper production) and mixtures
thereof. Alternative sources or additional components may comprise one or more of the
following components: purified cellulose, pulp, milk whey, molasses or sugars such as glucose
and lactose. In a preferred embodiment the lignocellulose-containing material contains at least
25 wt.-%, preferably at least 40 wt.-%, more preferably at least 70 wt.-%, even more preferably
at least 80 wt.-% and most preferred at least 90 wt.-% lignocellulose. It is to be understood that
the lignocellulose-containing material may also comprise other compounds such as
proteinaceous material, starch, sugars, such as fermentable sugars and/or non-fermentable
sugars.

[0019] Within the present invention the term "enzymatic hydrolysis" is to be understood as a
process wherein suitable enzymes convert polymeric sugars such as cellulose and
hemicellulose into hexose (i.e. glucose) and/or pentose (i.e. xylose) monomers.

[0020] Within the present invention the term "pretreatment” is to be understood as a process
leading to at least partial removal and separation of hemicellulose from cellulose and disruption
and removal of the lignin sheath, in order to decrease the crystallinity of cellulose and thus to
increase the accessible surface area of cellulose and/or to increase the pore size of cellulose.
The pretreatment preferentially mobilises the pentose fraction of the lignocellulose-containing
material, while at the same time it enhances the digestibility of the solid cellulose-containing
fraction.

[0021] Methods suitable for the pretreatment of the lignocellulose-containing material
according to step (a) of the present invention include any kind of mechanical, biological,
chemical and/or physical pretreatment methods known to a person skilled in the art. Within a
preferred embodiment, the pretreatment method is selected from the methods of mechanical
comminution, treatment with acids and/or alkalines, wet oxidation, pH-controlled
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hydrothermolysis and/or steam explosion.

[0022] "Steam explosion" according to the present invention preferably comprises a
pressurised hydrothermal treatment at a temperature of from 60 to 350 °C, preferably from 80
to 300 °C, particularly preferred from 100 to 250 °C and most preferred from 110 to 220 °C of
the lignocellulose-containing material in the absence or presence of acid (such as H>SOy4, HCI,

H3PO4) or base/alkaline (i.e. NH4OH, NaOH, KOH, lime) catalysts, which are added at

concentrations from 0.01 to 15 % (wt./wt.), preferably from 0.05 to 12.5 % (wt./wt.), more
preferred from 0.1 to 10 % (wt./wt.) and most preferred from 0.25 to 7.5 %. In a preferred
embodiment of the present invention the pressure is preferably selected from 1 to 100 bar,
preferably from 2 to 50 bar, also preferred from 3 to 25 bar and most preferred from 5 to 15
bar. Reaction times during steam explosion have to be selected from 10s to 2h, preferably
from 1 minute to 1.5 hours, and most preferred from 5 minutes to 1 hour to provide for efficient
transformation of the biomass components in preparation for enzymatic hydrolysis. Within a
particularly preferred embodiment a "mechanical comminution” pretreatment of the
lignocellulose-containing material is carried out before or during the steam explosion
pretreatment, wherein the mechanical comminution is selected from the group consisting of
mechanical processing, grinding, chopping, crushing, -cutting, irradiation, miling and
combinations thereof.

[0023] "Acid pretreatment” according to the present invention preferably constitutes a
continuous dilute and/or mild acid treatment, such as, treatment with sulfuric acid, or another
organic acids, such as acetic acid, citric acid, tartaric acid, succinic acid, hydrogen chloride or
mixtures thereof. Other acids may also be used. A "mild acid treatment" according to the
present invention is to be understood as carried out at a pH of from 1 to 5, preferably pH from
2 to 3 (respective to the lignocellulose-containing material). In a preferred embodiment the acid
is added in concentrations from 0.01 to 15 wt.-% (wt./wt.), preferably from 0.05 to 12.5 wt.-%
(wt./wt.), more preferred from 0.1 to 10 wt.-% (wt./wt.) and most preferred from 0.25 to 7.5 wt.-
%. The acid is preferably sulfuric acid. The acid may be contacted with the lignocellulose-
containing material at a temperature in the range of from 120 to 280 °C, preferably from 135 to
225°C and most preferred from 150 to 200 °C for a period from 1 to 60 minutes, preferably 2
to 30 minutes and most preferred from 5 to 15 minutes. Addition of strong acids, such as
sulphuric acid, may be applied within particularly preferred embodiments to remove
hemicellulose.

[0024] "Chemical pretreatment" according to the present invention also pertains to treatment
of the lignocellulose-containing material with H>O5, ozone, Lewis acids, FeCls, (A)2SOy4 in

aqueous alcohols, glycerol, dioxane, phenol, ethylene glycol, NaOH, Na;CO3 and/or ammonia.

Preferred concentrations, temperature and duration are chosen analogous to the conditions
referenced above regarding acid pretreatment.

[0025] "Wet oxidation pretreatment” according to the present invention involves the use of
oxidizing agents, such as sulphite based oxidizing agents.
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[0026] The term "mechanical comminution” refers to any mechanical treatment which
promotes the separation and/or release of cellulose, hemicellulose and/or lignin from
lignocellulose-containing material. Mechanical comminution is preferably selected from the
group consisting of mechanical processing, grinding, chopping, crushing, cutting, irradiation,
milling such as dry milling, wet milling and vibratory ball milling, and combinations thereof.

[0027] "Biological pretreatment” according to the present invention refers to any biological
pretreatment which promotes the separation and/or release of cellulose, hemicellulose, and/or
lignin from the lignocellulose-containing material. Biological pretreatment techniques can
involve applying lignin-solubilizing microorganisms such as actinomycetes (e.g. Streptomyces
strains), white rod fungi.

[0028] Pretreatment methods suitable for the process of the present invention are to be
carried out within suitable devices known to a person skilled in the art. A device suitable for
carrying out chemical pretreatment may be any kind of vessel such as a batch reactor. A
device suitable for carrying out steam explosion may be any kind of vessel such as a batch
reactor but may also be carried out within a screw reactor, preferably a continuous screw
reactor.

[0029] In a preferred embodiment the solids content of the pretreated lignocellulose-containing
material is up to 75 % (wt./wt.), preferably from 25 to 65% (wt./wt.) and particularly preferred
from 40 to 55 % (wt./wt.).

[0030] Within the process of the present invention, the pretreated lignocellulose-containing
material is then contacted with at least one enzyme belonging to the class of hydrolases
comprising one or more activities selected from the activities of exo- and endocellulases, that is
to say Cellobiohydrolase (CBH) I, I, endoglucanase (EG) I-IV, beta-Glucosidase (BGL), exo-
and endohemicellulases, that is to say xylanase, xylosidase, xylobiase, arabinase,
arabinofucosidase, mannanase, mannosidase, galactase and galactosidase, and esterases to
decompose the pretreated lignocellulose-containing material into fermentable sugars such as
monomeric hexoses (i.e. glucose) and pentoses (i.e. xylose) sugars. The contacting can be
carried out by any method known to a person skilled in the art as suitable for the inventive
purpose.

[0031] The hydrolyzate formed by enzymatic hydrolysis of the pretreated lignocellulose-
containing material is preferably of high fermentable sugar content, preferentially being in the
order of from 5 to 20 % (wt./vol.). Sugar content in this context is to be understood as the
content of all pentoses and hexoses. In a preferred embodiment of the invention the
hydrolyzate has a sugar content of from 8 to 12.5 % (wt./vol.). In a more preferred embodiment
of the invention, the hydrolyzate also contains additional nutrients (i.e. proteins, salts and
higher sugars such as oligosaccharides).

[0032] The contacting according to step (b) of the present invention is preferably carried out
under conditions where total enzyme dosing comprises from 0.05 to 10 % (wt./wt.) feedstock,
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preferred from 0.1 to 5 % (wt./wt.) feedstock, further preferred from 0.15 to 4 % (wt./wt.)
feedstock and particularly preferred 0.2 to 3.5 % (wt./wt.) feedstock. Depending on dosing
regime and the specific activity composition of the applied enzyme system, biomass is
hydrolysed at 40 to 60 °C for 1 to 7 days, preferably at from 45 to 55 °C for 18 to 96 hours.
The contacting according to step (b) of the present invention is preferably carried out at a pH in
the range from 3 to 8, preferably at a pH from 4 to 6, especially at a pH from 4.5 t0 5.5. In a
particularly preferred embodiment of this invention batch or fed-batch hydrolysis of pretreated
cereal straw is accomplished at enzyme dosings of 0.25-0.8 % (wt./wt.) feedstock with or
without additional beta-glucosidase supplementation and at a temperature of 47 to 53 °C within
72 hours. Surprisingly even with low enzyme dosing regimes hydrolysis yields above 70 %
(wt./wt.) with respect to the total sugars contained in said feedstock could be obtained.

[0033] The contacting according to step (b) of the present invention is carried out within a
hydrolysis vessel. Suitable vessels are known to a person skilled in the art and preferably
selected from batch and fed-batch reactors.

[0034] Within the present invention, the term "enzymes belonging to the class of hydrolases” is
to be understood as comprising one or more activities selected from the activities of exo- and
endocellulases (i.e.

[0035] Cellobiohydrolase (CBH) I, I, endoglucanase (EG) I-1V, beta-Glucosidase (BGL)), exo-
and endohemicellulases (i.e. xylanase, xylosidase, xylobiase, arabinase, arabinofucosidase,
mannanase, mannosidase, galactase and galactosidase) and esterases. Within a preferred
embodiment the at least one enzyme belonging to the class of hydrolases according to the
present invention has one or more activities selected from the group consisting of:
Cellobiohydrolase type | or type Il (CBH | or CBH II), endoglucanase type I, II, lll or IV (EGI,
EGIl, EGIIl, EGIV), beta-glucosidase (BGL), esterase, exo-hemicellulase and endo-
hemicellulase. Even more preferred is that the exo-hemicellulase and endo-hemicellulase are
preferentially selected from xylanase, xylosidase, xylobiase, arabinase, arabinofucosidase,
mannanase, mannosidase, galactase and galactosidase.

[0036] According to step (c) of the process of the present invention, the hydrolyzate is then
separated from the hydrolysis vessel and subsequently divided into two parts (i) and (ii). The
separation is preferably carried out when at least 70% of the total sugars present in the original
feedstock are released, preferred at least 75% and most preferred at least 80%. Within a
preferred embodiment, the ratio of part (i) of the hydrolyzate to part (ii) is selected from the
range of from 0.01 to 1, preferably from 0.02 to 0.5, also preferred from 0.04 to 0.25 and most
preferred 0.05 to 0.1.

[0037] The separation according to step (c) of the process of the present invention can be
carried out by any method known to a person skilled in the art as suitable for the inventive
purpose. Within a preferred embodiment, the separation is carried out by solid-liquid-
separation, such as filtration, pressing, membrane separation, flotation, precipitation,
decantation and centrifugation or combinations thereof. Preferred are filter-based solid-liquid
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separations. It is further particularly preferred to use a filter press. The residues after the
filtration should have a minimal solid content of 20 % (wt./wt.), preferably 30 % (wt./wt.),
particularly preferred 40 % (wt./wt.) and most preferred 50 % (wt./wt.) solid content. Another
method for the separation according to step (c) is centrifugation by e.g. using a decanter.

[0038] According to step (c) of the process of the present invention, part (i) of the hydrolyzate
is then directed to a cultivation vessel. Suitable vessels are known to a person skilled in the art
and preferably selected from batch and fed-batch reactors. The cultivation vessel is preferably
equipped with a stirrer and an aeration device. Within another preferred embodiment of the
present invention part of the pretreated lignocellulose-containing material can be added
directly to the cultivation vessel. Preferred amounts of added pretreated lignocellulose-
containing material are from 1 to 35 % (wt./wt. related to the total weight of the cultivation
material), preferably from 5 to 30 % (wt./wt. related to the total weight of the cultivation
material) and most preferably from 10 to 20% (wt./wt. related to the total weight of the
cultivation material).

[0039] According to step (d) of the process of the present invention, part (i) of the hydrolyzate
is then fermented with at least one microorganism capable of the production of at least one
enzyme belonging to the class of hydrolases.

[0040] The "at least one microorganism capable of the production of at least one enzyme
belonging to the class of hydrolases” is preferably selected from the following species
Actinobacter sp., Agrobacterium sp., Bacillus sp., Burkholdria sp., Clostridia sp.,
Caldicellulosiruptor sp., Cellvibrio sp., Halobacterium sp., Pseudomonas sp., Paenibacillus sp.,
Xanthomonas sp. and Thermobifida sp., Pyrochoccus sp., Sulphobolus sp., Staphylothermus
sp. and Thermococcus sp..

[0041] The "at least one fungus capable of the production of at least one enzyme belonging to
the class of hydrolases" is preferably selected from the following species Trichoderma sp.,
Hypocrea sp., Aspergillus sp., Chaetomium sp., Chrysosporium sp., Fusarium sp., Humicola
sp., Orpinomyces sp., Pencillium sp., Phanerochaete sp., Piromyces sp., Talaromyces sp.,
Trametes sp. and Trichoderma sp. or their respective holomorphs. Especially preferred is a
fungus selected from Trichoderma sp. and Talaromyces sp., whereas combinations of one or
more fungi, but also combinations of one ore more fungi and/or microorganisms are also
possible.

[0042] In a preferred embodiment of the present invention, the enzyme production is achieved
with a cellulase hyperproducing strain of the filamentous fungus Trichoderma reesei
(anamorph: Hypocrea jecornia).

[0043] Fermentation according to step (d) of the process of the present invention is carried out
for a time period from 1 hour to 14 days, preferably from 10 hours to 7 days, further preferred
from 24 hours to 5 days, preferably under constant mixing with a power input from 150 to 1900

W/ m3 and more preferably from 500 to 1500 W/m? and preferably at a pH from 2.5 to 8,
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preferably from 3.0 to 7, particularly preferred from 3.5 to 6.0 and preferably at a temperature
from 15 to 70 °C, preferably from 20 to 55 °C and particularly preferred from 25 to 35 °C,
under oxygen controlled conditions. The average dissolved oxygen level is preferably selected
from 0.01% to 80%, preferred from 0.1% to 50%, particularly preferred from 1% to 30% and
most preferred from 3% to 15%. Within a particularly preferred embodiment, the dissolved
Oxygen level is controlled by a stirrer or compressed air flow or internal reactor pressure or a
combination of two or three of these measures.

[0044] Within a preferred embodiment, the concentration of soluble sugars during fermentation
according to step (d) of the inventive process is below 10 % (wt./vol.), further preferred below 8
% (wt./vol) and particularly preferred below 5 % (wt./vol.). Part (i) of the hydrolyzate is
preferably directed to the cultivation vessel by feeding. "Feeding" according to the present
invention means the subsequent addition of part (i) of the hydrolyzate to the cultivation vessel.
"Feeding rate" as used within the present invention is defined as the volume of hydrolyzate

transferred to the cultivation vessel measured in m3hour. The person skilled in the art is able
to select the feeding rate suitable for the particular process. The feeding of the hydrolysate is
preferably carried out with a constant feeding rate or a variable feeding rate or a combination
of both during step (d) of the inventive process. The feeding of the hydrolyzate is preferably
carried out continuously during step (d) of the inventive process or in time intervals. Preferred
intervals are - e.g. related to altogether 100 hour fermentation time - e.g. a constant feeding
over 60 hours which is then brought to a stop until the end of the fermentation time of 100
hours. Another possible example is to start with constant feeding over 20 hours which is
interrupted after 20 hours and resumed as soon as the fermentable sugar within the
hydrolyzate has been completely fermented.

[0045] After fermentation, the fermented hydrolyzate is redirected to the hydrolysis vessel
according to step (e) of the process of the present invention. The redirection according to step
(e) of the process of the present invention can be carried out by any method known to a
person skilled in the art as suitable for the inventive purpose. During redirection according to
step (e) of the inventive process, the hydrolyzate is preferably physically, mechanically and/or
chemically processed. Preferred methods of redirecting include pumping or other methods of
power-requiring transporting suspensions such as inline high shear force mixing. Within a
particularly preferred embodiment, the redirection is carried out by pumping the hydrolyzate to
the hydrolysis vessel. Processing the hydrolyzate prior to fermentation according to step (d) of
the inventive process will result in even faster hydrolysis kinetics and superior monomeric
sugar yield as cell-bound enzymes are more easily released from the fungus and/or
microorganism.

[0046] Depending on the applied method of pretreatment, substances inhibitory to at least one
enzyme and/or at least one microorganism and/or fungus are produced during step (a) of the
process of the present invention. These compounds severely decrease both the hydrolysis and
fermentation rate.

[0047] The inventive process according to steps (a) to (e) as defined above does, of course,
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already provide various advantages regarding cost and efficiency due to integrated self-
sufficient enzyme production, however, running the process in a continuous way over several
days may lead to an accumulation of these inhibitory substances which will compensate some
of these advantages leading to a slow down of enzyme production and/or hydrolysis. To
guarantee a process for self-sufficient enzyme hydrolysis which is also attractive to be
implemented in industrial scale production processes such as the subsequent production of
fermentation products (e.g. bioethanol), the inventors of the present invention have surprisingly
found that these risks can be prevented by removal of one or more of these substances
integrated at a certain process stage.

[0048] These inhibitory substances are lignocellulose degradation products including lignin
degradation products, cellulose degradation products and hemicellulose degradation products.
The lignin degradation products may be phenolic in nature. The hemicellulose degradation
products include furans from sugars (such as hexoses and/or pentoses), including xylose,
mannose, galactose, rhamnose, and arabinose. Examples of hemicelluloses include xylan,
galactoglucomannan, arabinogalactan, arabinoglucuronoxylan, glucuronoxylan, and
derivatives and combinations thereof. Examples of lignocellulose degradation products, include
4-OH benzyl alcohol, 4-OH benzaldehyde, 4-OH benzoic acid, trimethyl benzaldehyde, 2-furoic
acid, coumaric acid, ferulic acid, phenol, guaiacol, veratrole, pyrogallollol, pyrogallol mono
methyl ether, vanillyl alcohol, vanillin, isovanillin, vanillic acid, isovanillic acid, homovanillic acid,
veratryl alcohol, veratraldehyde, veratric acid, 2-O-methyl gallic acid, syringyl alcohol,
syringaldehyde, syringic acid, trimethyl gallic acid, homocatechol, ethyl vanillin, creosol, p-
methyl anisol, anisaldehyde, anisic acid, furfural, hydroxymethylfurfural, 5-
hydroxymethylfurfural, formic acid, acetic acid, levulinic acid, cinnamic acid, coniferyl aldehyde,
isoeugenol, hydroquinone, eugenol or combinations thereof.

[0049] To guarantee a most efficient process within a preferred embodiment of the process of
the present invention, the at least one substance inhibitory to at least one enzyme and/or
inhibitory to at least one microorganism to be removed is a substance inhibitory to at least one
enzyme belonging to the class of hydrolases and/or inhibitory to at least one microorganism
and/or fungus capable of the production of at least one enzyme belonging to the class of
hydrolases.

[0050] Within a further particularly preferred embodiment, the substance is inhibitory to at least
one fungus selected from the group consisting of Trichoderma sp. and Talaromyces sp. such
as Trichoderma reesej and/or inhibitory to at least one microorganism selected from the group
consisting of Saccharomyces sp., Clostridium sp., Lactobacillus sp. and Pichia sp.

[0051] Within a preferred embodiment of the process of the present invention these at least
one substance is removed from part (i) or from part (i) and part (i) of the hydrolyzate
according to step (c).

[0052] Within further preferred embodiments, the removal is carried out by adding at least one
adsorbent to part (i) or part (i) and part (i) of the hydrolyzate according to step (c). The
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adsorbent is preferably selected from the group consisting of activated carbon, silica, silicate
minerals, zeolites, charcoal, clay, ion exchange resins and mixtures thereof, whereas activated
carbon and/or charcoal are particularly preferred.

[0053] It is further disclosed that the at least one adsorbent is added to the pretreated
lignocellulose-containing material by adding the adsorbent before the pretreated lignocellulose-
containing material is transferred to the hydrolysis vessel. It is, however, also disclosed to add
the adsorbent directly to the hydrolysis vessel or to add the adsorbent just before the
separation according to step c).

[0054] Removal of the at least one inhibitory compound by addition of an adsorbent provides
ample advantages. On the one hand, filterability is considerably enhanced. Further, in case
activated carbon or charcoal is used as an adsorbent, the combustibility of the filter cake is
enhanced and no or only a minimal amount of energy has to be spent on drying. Thus, an
energy-independent process can be achieved by combustion of the filter cake.

[0055] Within another preferred embodiment of the present invention, the removal of the at
least one inhibitory substance from part (i) or from part (i) and part (ii) of the hydrolyzate is
carried out by evaporation.

[0056] Due to the volatile character of most of the inhibitory substances, evaporation is
another efficient method of removal. "Evaporation” according to the present invention is
preferably carried out under reduced pressure, preferably pressure below atmospheric
pressure, preferred below 750 mbar absolute, more preferred below 500 mbar absolute, even
more preferred below 250 mbar absolute and most preferred below 125 mbar absolute.
Preferred ranges are from 75 to 750 mbar absolute and from 75 to 250 mbar absolute. During
evaporation, the temperature is preferably kept below 120°C, more preferred below 100°C
even more preferred below 90°C and most preferred below 80°C. Preferred ranges are from
45 to 120 °C and from 45 to 100 °C. Residence times are preferably chosen from 0.1 sto 10 h,
preferred from 1s to 1h, more preferred from 10 s to 30 min, most preferred from 30 s to 10
min. The pH is preferably kept below pH6, more preferred below pH 5.5, even more preferred
below 5.0 and most preferred below 4.8. Preferred ranges are from 3.5 to 6 and from 4.0 to
5.0. Preferred evaporators are circulation evaporators, thin film evaporators, wiped film
evaporators and falling film evaporators.

[0057] Removal of the at least one inhibitory substance by evaporation provides further
advantages as evaporation also provides the benefit of a sterilization of the hydrolyzate. Thus,
cross-contamination during fermentation can be prevented. Further, next to most of the
inhibitory substances a substantial amount of water will be evaporated leading to a
concentrated hydrolyzate (i.e. decreased volume and higher sugar concentration) resulting in
further cost reduction due to an increased throughput and minimized reactor volume.
Evaporation is such an effective method of removal that substantial advantages of the
inventive process can already be achieved by applying this methods only to part (i) of the
hydrolyzate.
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[0058] Within another preferred embodiment it is also possible to combine several methods of
removal, wherein it is particularly preferred to combine the addition of an adsorbent before
transferring the hydrolyzate to the hydrolysis vessel with evaporation applied to part (i) and/or
(i) of the hydrolyzate. Within this particular embodiment, it is also preferred to add the
adsorbent before separation according to step c¢), particularly preferred before hydrolysis
according to step b). It is particularly preferred that the process according to the invention does
not comprise removal by washing the pretreated material and/or hydrolysate.

[0059] Within another preferred embodiment of the process of the present invention, an
additional amount of from 0.01 to 30 % (wt./vol) of lignocellulose-containing material,
preferably from 0.1 to 25 % (wt./vol.), further preferred from 0.5 to 22 % (wt./vol.) and
particularly preferred from 1 to 20 % (wt./vol.) is added to the cultivation vessel. Within a
particularly preferred embodiment, the lignocellulose-containing material is obtained by
separating it from the pretreatment vessel. Adding pretreated lignocellulose-containing material
will lead to slow release of carbon and function as an inductor for cellulase expression.

[0060] In another aspect, the present invention is further directed to a process for the
production of an organic compound from part (i) of the hydrolyzate as defined above
comprising the step

(f1) contacting part (i) of the hydrolyzate with at least one microorganism and/or fungus
capable of the production of an organic compound selected from the group consisting of
organic acids, amino acids, caprolactams, antibiotics, vitamins, enzymes, nucleotides/
nucleosides, biogas, proteins, polysaccharides, amino glucans, organic solvents, biofuels,
biosurfactants, aminoglucans, sugar derivatives and mixtures thereof;

or

(f2) subjecting part (i) of the hydrolyzate a chemical conversion, catalytic conversion,
chromatographic separation, membrane separation and/or crystallisation process.

[0061] According to the process for the production of an organic compound according to step
(f1) as defined above, the temperature during contacting part (ii) of the hydrolyzate with the at
least one microorganism is selected from 10 to 65 °C, preferably from 15 to 55 °C, especially
preferred from 20 to 50 °C, most preferred from 25 to 45 °C.

[0062] It is particularly preferred that the at least one microorganism is selected form
mesophilic yeasts such as all species of genus Saccaromyces, especially Saccharomyces
bayanus, Saccharomyces boulardii, Saccharomyces bulderi, Saccharomyces cariocanus,
Saccharomyces  cariocus, Saccharomyces cerevisiae, Saccharomyces chevalieri,
Saccharomyces dairenensis, Saccharomyces ellipsoideus, Saccharomyces eubayanus,
Saccharomyces  exiguus, Saccharomyces  florentinus, Saccharomyces  kluyveri,
Saccharomyces martiniae, Saccharomyces monacensis, Saccharomyces norbensis,
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Saccharomyces paradoxus, Saccharomyces pastorianus, Saccharomyces spencerorum,
Saccharomyces  turicensis, @ Saccharomyces  unisporus, Saccharomyces  uvarum,
Saccharomyces zonatus, as well as Arxula adeninovorans, Ashbya gossypii, Hansenula
polymorpha,  Debaramyces hansenii, Hortea  werneckii, Kluyeveromyces lactis,
Schwanniomyces occidentalis, Thrichosporon domesticum, Thrichosporon montevideense,
Xanthophyllomyces  dendrohous, Yarowia  lypolytica, Zygosaccharomyces  bailii,
Zygosaccharomyces rouxii, Schizosaccharomyces pombe, Pichia stipitis, Pichia segobiensis,
Candida shehatae, Candida tropicalis, Candida boidinii Candida tenuis, Pachysolen
tannophilus, Hansenula polymorpha, Candida famata, Candida parapsilosis, Candida rugosa,
Candida sonorensis,Candida maltosa, Issatchenkia terricola, Kloeckera apis, Pichia barkeri,
Pichia cactophila, Pichia deserticola, Pichia norvegensis, Pichia membranefaciens, Pichia
mexicana and Torulaspora delbrueckii and any combination thereof.

[0063] In an alternative preferred embodiment of the process for the production of an organic
compound from part (ii) of the hydrolyzate, the at least one microorganism is selected from
thermophilic microorganisms which are preferably selected from Candida bovina, Candida
picachoensis, Candida emberorum, Candida pintolopesii, Candida thermophila, Kluyveromyces
marxianus, Kluyveromyces fragilis, Kazachstania telluris, Issatchenkia orientalis ,Lachancea
thermotolerans and any combination thereof. Preferred thermophylic bacteria include
Clostridium thermocellum, Clostridium thermohydrosulphuricum, Clostridium
thermosaccharolyticum, Thermoanaerobium brockii, Thermobacteroides acetoethylicus,
Thermoanaerobacter ethanolicus, Clostridium thermoaceticum, Clostridium
thermoautotrophicum, Acetogenium kivui, Desulfotomaculum nigrificans, Desulvovibrio
thermophilus, Thermoanaerobacter tengcongensis, Bacillus stearothermophilus,
Thermoanaerobacter mathranii and any combination thereof.

[0064] The use of the following mesophilic yeasts is especially preferred: Saccharomyces
cerevisiae, Pichia stipitis, Pachysolen tannophilu and/or Candida shehatae.

[0065] In an alternative embodiment of the process for the production of organic compounds
from part (ii) of the hydrolyzate at least one fungus is used. The at least one fungus is selected
from Aspergillus sp., Trichoderma sp., Hypocrea sp., Penicillilum sp., Acremonium sp.,
Rhizopus sp., Talaromyces sp. and any combination thereof.

[0066] In an alternative embodiment of the process for the production of organic compounds
from part (ii) of the hydrolyzate the microorganism is selected from bacteria species such as
Clostridium acetobutylicum, Lactobacillus brevis, Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus helveticus, Lactobacillus lactis, Lactococcus lactis, Leuconostoc mesenteroides,
Lactobacillus sp., Zymomonas mobilis, Escherichoia coli and any combination thereof.

[0067] Further, any combination of the above listed microorganisms and/or fungi is to be
understood as within the scope of the present invention.

[0068] Fermentation is preferably conducted in a batch mode (discontinuous), in the fed-batch
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mode or in a continuous mode. Most preferably, fermentation is conducted in the batch mode.

[0069] Within a further preferred embodiment, minerals such as copper, zinc, magnesium,
calcium, iron and nitrogen-containing compounds such as nitrate, amino acids, ammonia are
added to part (i) of the hydrolyzate prior to step f1) of the process for the production of an
organic compound.

[0070] Valuable organic compounds resulting from bacterial fermentation of part (ii) of the
hydrolyzate comprise but are not limited to organic acids (such as acetic acid, lactic acid,
succinic acid, itaconic acid, fumaric acid, propionic acid, and glucuronic acid), amino acids
(such as glutamic acid, leucine, lysine, threonine, aspartic acid, phenylalanine, cysteine),
caprolactams (such as alpha-amino-caprolactam), antibiotics (such as bleomycin,
virginiamycin, lincomycin, monensin, blasticidin, tetracycline), vitamins (such as vitamin B2,
B12 and C), enzymes, nucleotides/ nucleosides (such as NADH, ATP, cAMP, FAD, coenzyme
A), biogas, biopolymers (such as polyhydroxybutyrate, polyamides/ fibroins), proteins,
polysaccharides (such as xanthan, dextran), amino glucans (such as hyaluronic acid) as well
as organic solvents and biofuels (such as acetone, ethanol, butanol, propanediol). Valuable
organic compounds resulting from yeast fermentation of part (i) of the hydrolyzate comprise
but are not limited to organic solvents (e.g. ethanol, propanol), nucleotides (e.g. RNA),
biosurfactants (e.g. sophorose lipids), enzymes, and biopolymers (e.g. spidroins). Valuable
organic compounds resulting from fungal fermentation of part (i) of the hydrolyzate comprise
organic acids (such as citric acid, fumaric acid, itaconic acid), antibiotics (such as penicillin,
cephalosporin), enzymes, and polysaccharides (such as chitin).

[0071] In a further preferred embodiment of this process the organic compound is selected
from alcohols, organic acids, biopolymers, antibiotics, amino acids, caprolactams,
polysaccharides, organic solvents, biofuels, aminoglucans, nucleotides/nucleosides, vitamins,
biosurfactants, enzymes and mixtures thereof.

[0072] According to the process for the production of an organic compound according to step
(f2) subjecting part (i) of the hydrolyzate to a chemical conversion, catalytic conversion,
chromatographic separation, membrane separation and/or crystallisation process is carried out
by chromatographic methods and/or filtration steps for use of purified sugars in fermentation
(e.g. polymers based on lactic acid) and/or chemical conversion (production of FDCA).

[0073] In the following particularly preferred embodiments of the present invention are
described.

Particularly preferred embodiment

[0074] Process for self-sufficient enzymatic hydrolysis of lignocellulose-containing material,
comprising the steps
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1. (a) subjecting a lignocellulose-containing material to a pretreatment in a pretreatment
device;

2. (b) contacting the pretreated lignocellulose-containing material of step a) with at least
one enzyme belonging to the class of hydrolases in a hydrolysis vessel to form a
hydrolyzate;

3. (c) separating the hydrolyzate and subsequently dividing the hydrolyzate into two parts
(i) and (i), wherein part (i) is directed to a cultivation vessel;

4. (d) fermenting part (i) of the hydrolyzate with at least one microorganism and/or fungus
capable of the production of at least one enzyme belonging to the class of hydrolases;
and

5. (e) redirecting the fermented hydrolyzate of step d) to the hydrolysis vessel of step b);

wherein part (i) or part (i) and part (i) of the hydrolyzate is treated to remove at least one
substance inhibitory to at least one enzyme and/or at least one microorganism and/or fungus
by evaporation.

Particularly preferred embodiment

[0075] Process according to particularly preferred embodiment mentioned above, wherein the
ratio of part (i) of the hydrolyzate to part (ii) is from 0.01 to 1, preferably from 0.02 to 0.5 and
most preferred 0.05t0 0.1..

Particularly preferred embodiment

[0076] Process according to particularly preferred embodiment mentioned above, wherein an
additional amount of from 0.01 to 30 % (wt./vol) of lignocellulose-containing material,
preferably from 0.15 to 25 % (wt./vol), further preferred from 0.51 to 22 % (wt./vol.) and
particularly preferred from 15 to 20 % (wt./vol.) added to the cultivation vessel. It is most
preferred within this embodiment that the lignocellulose-containing material is pretreated
lignocellulose-containing material, preferably obtained from the pretreatment device.

Particularly preferred embodiment

[0077] Process according to any of particularly preferred embodiments mentioned above,
wherein the at least one microorganism capable of the production of the at least one enzyme
belonging to the class of hydrolases is selected from exo- and endocellulases, beta-
Glucosidase (BGL)), exo- and endohemicellulases and esterases and / or the at least one
fungus capable of the production of the at least one enzyme belonging to the class of
hydrolases is selected from Trichoderma and Talaromyces species and mixtures thereof and is
most preferably Trichoderma reesei.
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Particularly preferred embodiment

[0078] Process according to any of particularly preferred embodiments mentioned above,
further comprising the step

(f1) contacting part (i) of the hydrolyzate with at least one microorganism and/or fungus
capable of the production of an organic compound selected from the group consisting of
organic acids, amino acids, caprolactams, antibiotics, vitamins, enzymes, nucleotides/
nucleosides, biogas, proteins, polysaccharides, amino glucans, organic solvents, biofuels,
biosurfactants, aminoglucans, sugar derivatives and mixtures thereof;

Example and Figure

[0079] The present invention is further described by the following example and figure. The
example and figure are for illustrative purposes only.

Fig. 1
shows the process flow of the process according to the present invention. The dashed
line depicts the option to add part of the pretreated lignocellulose-material directly to the
cultivation vessel.

Fig. 2
shows the glucose, xylose and NaDL-lactate yield as well as the amount of acetic acid
and formic acid when detoxifying the hydrolysate by evaporation

Example 1

[0080] Wheat Straw, removal of inhibitory substance by addition of charcoal and evaporation

[0081] The fermentation is carried out in a stirred tank bioreactor system with a temperature, a
pH- and a dissolved oxygen control device (=cultivation vessel). The cultivation is started with 5
% (wt./wt.) seed culture. Furthermore, the media contains salts and minerals and concentrated
hydrolyzate as main carbon source. The fermentation is carried out at pH 5, at 30 °C and at a
dissolved oxygen level of 25 %. Feeding of part (i) of the hydrolyzate is started after 15 hours
and is carried on continuously for further 85 hours. The total feeding volume is 50 % based on
the total final fermentation volume.

[0082] The fermented hydrolyzate resulting from the fermentation is pumped to the pretreated
wheat straw for hydrolysis of the latter.
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[0083] The quantity of pretreated wheat straw present in the hydrolysis step is chosen such as

that 1 m3 of fermented hydrolyzate is added to 2400 kg dry matter of pretreated wheat straw.

[0084] The hydrolysis is performed at 50 °C, pH 5, for 96 h with stirring at 50 rpm. After the
hydrolysis, 1 % (wt./vol.) activated charcoal (granulate) is added to the content of the
hydrolysis vessel. The content is incubated with the activated charcoal at room temperature
with stirring at 250 rpm. After 1 h, a solid-liquid separation is performed to recover the
detoxified hydrolyzate by separating it from the remaining solids by centrifugation or filtration
(pore size of filter < 1Tmm). 15 % of the detoxified hydrolyzate is then subjected to an
evaporation step to further remove volatile inhibitors and reduce the volume of this part of the
hydrolyzate to one third of the initial volume. This double-detoxified and concentrated
hydrolyzate is then introduced into the fermentation as descried above. The rest of the
hydrolyzate (not undergone) evaporation can be used for the production of an organic
compound.

Example 2:

Wheat Straw, removal of inhibitory substance by 3-fold evaporation

[0085] The fermentation was carried out in a stirred tank bioreactor system with a
temperature, a pH- and a dissolved oxygen control device (=cultivation vessel). The cultivation
was started with 5 % (wt./wt.) seed culture. Furthermore, the media contained salts and
minerals and concentrated hydrolyzate as main carbon source. The fermentation was carried
out at pH 5, at 30 °C and at a dissolved oxygen level of 25 %. Feeding of part (i) of the
hydrolyzate was started after 15 hours and was carried on continuously for further 85 hours.
The total feeding volume was 45% based on the total final fermentation volume.

[0086] The fermented hydrolyzate resulting from the fermentation was pumped to the
pretreated wheat straw for hydrolysis of the latter.

[0087] The quantity of pretreated wheat straw present in the hydrolysis step was chosen such
as that 1 m3 of fermented hydrolyzate was added to 2400 kg dry matter of pretreated wheat
straw.

[0088] The hydrolysis was performed at 50 °C, pH 5, for 96 h with stirring at 50 rpm. After the
hydrolysis, the hydrolyzate was then subjected to an evaporation step to remove volatile
inhibitors and to reduce the volume of the hydrolyzate by a factor of 6.4. This detoxified and
concentrated hydrolyzate was then introduced into the fermentation as described above.

[0089] For evaporation, the pH was adjusted to 4 using sulfuric acid and then the evaporation
was carried out at 75°C and 100 mbar. The evaporation was stopped when a sugar
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concentration of 500 g/L was reached. The respective yields of glucose, xylose and NaDI and
the amounts of formic and acetic acid are shown in table 1 and Fig. 2. This detoxification
resulted in a reduction of acetic acid by more than 80% and of formic acid by roughly 30%. The

results are shown in table 1 and figure 2.
Table 1: yields of glucose, xylose and the amounts of formic and acetic acid after evaporation

Yield
Factor 6,42
pH _
Yields
Glucose 103%
Xylose 106%
Formic Acid 2%
Acetic Acid 16%
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Patentkrav

1. Fremgangsmade til selvtilstraekkelig enzymatisk hydrolyse af lignocellulose-
holdigt materiale, omfattende trinnene

(a) at udseette et lignocelluloseholdigt materiale for en forbehandling i en for-
behandlingsindretning;

(b) at bringe det forbehandlede lignocelluloseholdige materiale fra trin a) i kon-
takt med mindst en hydrolase omfattende en eller flere aktiviteter udvalgt
blandt aktiviteterne af exo- og endocellulaser, det vil sige cellobiohydrolase
(CBH) I, Il, endoglucanase (EG) I-IV, beta-glucosidase (BGL), exo- og endo-
hemicellulaser, det vil sige xylanase, xylosidase, xylobiase, arabinase, arabi-
nofucosidase, mannanase, mannosidase, galactase og galactosidase og
esteraser, i en hydrolysebeholder til dannelse af et hydrolysat;

(c) at separere hydrolysatet og efterfalgende at dele hydrolysatet i to dele (i)
og (i), hvor del (i) ledes til en dyrkningsbeholder,;

(d) at fermentere del (i) af hydrolysatet med mindst en mikroorganisme og/eller
svamp, der er i stand til produktion af mindst et enzym, der tilherer klassen af
hydrolaser;

og

(e) at omdirigere det fermenterede hydrolysat fra trin d) til hydrolysebeholderen
i trin b);

hvor hydrolysatet behandles til fijernelse af mindst et stof, der virker haem-
mende pa mindst et enzym og/eller mindst en mikroorganisme og/eller svamp.

2. Fremgangsmade ifalge krav 1, hvor det mindst ene stof, der virker haem-
mende pa mindst et enzym og/eller haemmende pa mindst en mikroorganisme,
er et stof, der virker heemmende pa mindst et enzym, der tilharer klassen af
hydrolaser, og/eller heemmende pa mindst en mikroorganisme og/eller svamp,
der er i stand til produktion af mindst et enzym, der tilhgrer klassen af hydro-
laser.

3. Fremgangsmade ifalge krav 1 eller 2, hvor stoffet virker haemmende pa
mindst en svamp og/eller mikroorganisme udvalgt fra gruppen bestaende af
Trichoderma sp. (anamorf. Hypocrea sp.), Saccharomyces sp., Clostridium
sp., Lactobacillus sp., Pichia sp. og Talaromyces sp.
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2

4. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 3, hvor stoffet
flernes fra det forbehandlede lignocelluloseholdige materiale i trin (a) og/eller
fra del (i) og/eller (ii) af hydrolysatet i trin (c).

5. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 4, hvor stoffet
flernes ved at tilseette mindst et adsorptionsmiddel til det forbehandlede lig-
nocelluloseholdige materiale og/eller del (i) og/eller (ii) af hydrolysatet i trin (c).

6. Fremgangsmade ifalge krav 5, hvor adsorptionsmidlet er udvalgt fra grup-
pen bestaende af aktivt kul, silica, silicatmineraler, zeolitter, treekul, ler, ionbyt-
terresiner og blandinger deraf.

7. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 4, hvor stoffet
flernes fra del (i) og/eller (ii) af hydrolysatet i trin (c) ved fordampning.

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor en
yderligere meengde pafra 0,1 til 30 % (v./vol.) af lignocelluloseholdigt materiale
tilseettes til dyrkningsbeholderen.

9. Fremgangsmade ifelge krav 8, hvor det lignocelluloseholdige materiale op-
nas ved at separere det fra forbehandlingsbeholderen.

10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
forholdet mellem del (i) af hydrolysatet og del (ii) er fra 0,01 til 1.

11. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
koncentrationen af opl@aselige sukkerarter under fermenteringen i trin d) er un-
der 10 % v./vol.

12. Fremgangsmade til fremstilling af en organisk forbindelse, omfattende trin-
nene som defineret i et hvilket som helst af kravene 1 til 11 og endvidere om-
fattende trinnet

(f1) at bringe del (ii) af hydrolysatet i kontakt med mindst en mikroorganisme
og/eller svamp, der er i stand til produktion af en organisk forbindelse udvalgt
fra gruppen bestaende af organiske syrer, aminosyrer, caprolactamer, antibi-
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3

otika, vitaminer, enzymer, nukleotider/nukleosider, biogas, proteiner, polysac-
charider, amino-glucaner, organiske opl@sningsmidler, biobreendstoffer, bio-
surfaktanter, amino-glucaner, sukkerderivater og blandinger deraf;

eller

(f2) at udseette del (ii) af hydrolysatet for en kemisk omdannelse, katalytisk
omdannelse, kromatografisk separation, membranseparation og/eller krystal-
liseringsproces.
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