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(54) Pre-treatment of cellulosic material

(57) A method of pre-treating a cellulosic material be-
fore hydrolysis is provided. The method comprises the
steps of: impregnating the cellulosic material with a re-
active water-soluble gas, such as sulphur dioxide (SO2)
or carbon dioxide (CO2), in an impregnation chamber to

obtain impregnated material; and heating the impregnat-
ed material to obtain pre-treated material, wherein the
cellulosic material is compressed right before or when it
is transferred to the impregnation chamber. A corre-
sponding system is also provided.
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Description

Field of the present disclosure

[0001] The present disclosure relates to the field of
preparation of a target chemical from cellulosic material.

Background

[0002] A number of chemicals (e.g. ethanol, butanol
and succinic acid) can be made from cellulosic material
in a process which involves hydrolysis of the cellulosic
material to obtain mono- and di-saccharaides followed
by biological conversion of the saccharides to the target
chemical.
[0003] In the hydrolysis step, enzymes or mineral acids
may be employed for hydrolysing the polysaccharides of
the cellulose. In order for such polysaccharides to be-
come more accessible to the hydrolytic agents, the cel-
lulosic material may be pre-treated. Pre-treatment is par-
ticularly important when the cellulosic material is ligno-
cellulosic material, because the lignin of the lignocellu-
lose protects the cellulosic polysaccharides from the hy-
drolytic activity.
[0004] Various pre-treatments have been described in
the prior art. Steam explosion, wet oxidation and ammo-
nia fiber explosion (AFEX pre-treatment) are some pro-
posed variants. Alkali treatment is another (see e.g.
WO09025547 and US5693296A). A number of pre-treat-
ments based on milder acidic conditions have also been
suggested.
[0005] Further, different methods based on mechani-
cal treatment of the cellulosic material have been de-
scribed.

Summary of the present disclosure

[0006] The inventors have realized that impregnation
with a water soluble gas, which is reactive in itself or
when dissolved in water, followed by heating is a prom-
ising method for pre-treatment of cellulosic material, such
as wooden chips and bagass. The inventors have how-
ever noted that it has been difficult to control and predict
the result of such a pre-treatment. The inventors con-
clude that the degree of impregnation has been varying
from time to time.
[0007] It is thus an object of the present disclosure to
provide for controllability in pre-treatment of cellulosic
material.
[0008] The following is an itemized listing of embodi-
ments, presented for the purpose of providing various
aspects, features and combinations of the present dis-
closure.

ITEMS

[0009]

1. Method of pre-treating a cellulosic material before
hydrolysis, comprising the steps of:

a) impregnating the cellulosic material with a re-
active water-soluble gas, such as sulphur diox-
ide (SO2) or carbon dioxide (CO2), in an impreg-
nation chamber to obtain impregnated material;
and
b) heating the impregnated material to obtain
pre-treated material,

wherein the cellulosic material is compressed right
before or when it is transferred to the impregnation
chamber.
2. Method according to item 1, wherein the pressure
in the impregnation chamber is 0.5-5.0 bar, such as
0.7-3.0 bar, such as 0.8-1.5 bar.
3. Method according to item 1 or 2, wherein temper-
ature of the impregnation is 5-120 °C.
4. Method according to any one of the previous items,
wherein the impregnation chamber contains gase-
ous sulphur dioxide (SO2(g)) or carbon dioxide (CO2
(g)).
5. Method according to any one of the previous items,
wherein SO2 is employed.
6. Method according to item 5, wherein 0.1-10 %
(w/w) SO2 is added per dry matter of cellulosic ma-
terial.
7. Method according to any one of the previous items,
further comprising the step of:

c) hydrolysing the pre-treated material to obtain
a hydrolyzate.

8. Method according to item 7, wherein said hydrol-
ysis is enzymatic or acidic hydrolysis.
9. Method according to item 7 or 8, further comprising
the step of:

d) fermenting the hydrolyzate to obtain a target
chemical-containing fermentation broth,

wherein enzymatic hydrolysis and fermentation may
be performed separately and/or simultaneously.
10. Method according to item 9, further comprising
the step of e) separation of the target chemical to
obtain a target chemical-containing fraction and a
residual fraction.
11. Method according to item 10, wherein the target
chemical is selected from the group consisting of eth-
anol, butanol and succinic acid.
12. Method according to item 9 or 10, further com-
prising the step of f) anaerobic treatment of the re-
sidual fraction to obtain biogas and a waste water
fraction.
13. Method according to any one of the previous
items, wherein the dry matter content (w/w) of the
cellulosic material is increased when the cellulosic
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material is compressed and transferred to the im-
pregnation chamber.
14. Method according to item 13, wherein the dry
matter content (w/w) of cellulosic material is meas-
ured and the degree of compression of the cellulosic
material transferred to the impregnation chamber is
adapted in response to the measured dry matter con-
tent.
15. Method according to item 14, wherein the dry
matter content of cellulosic material that has been
compressed is measured and the degree of com-
pression is increased if the measured dry matter con-
tent is below a first reference value and/or decreased
if the measured dry matter content is above a second
reference value.
16. Method according to any one of the previous
items, wherein a plug screw feeder is employed for
the transportation and compression of the cellulosic
material and the degree of compression is controlled
by adjusting properties of the plug screw feeder.
17. Method according to any one of the previous
items, wherein the cellulosic material is a lignocellu-
losic material.
18. Method according to item 17, wherein the ligno-
cellulosic material is selected from sugarcane ba-
gass and wood.
19. Method according to any one of the previous
items, wherein the cellulosic material expands when
entering the impregnation chamber.
20. Plant for production of a target chemical from a
cellulosic material, comprising an impregnation
chamber for impregnating the cellulosic material with
a reactive water-soluble gas, such as sulphur dioxide
(SO2) or carbon dioxide (CO2), connected to a heat-
ing unit for heating impregnated cellulosic material,
wherein a plug screw feeder for feeding the cellulosic
material to the impregnation chamber is arranged at
the impregnation chamber.
21. Plant according to item 20, wherein the impreg-
nation chamber comprises at least one inlet for the
reactive water-soluble gas.
22. Plant according to item 21, wherein said at least
one inlet is/are arranged above the bottom of the
impregnation chamber.
23. Plant according to any one of items 20-22, where-
in the impregnation chamber has an upper half and
a lower half and the plug screw feeder is arranged
at the upper half.
24. Plant according to any one of items 20-23, where-
in the impregnation chamber comprises an outlet for
impregnated cellulosic material which is arranged at
the lower half of the impregnation chamber.
25. Plant according to any one of items 20-24, where-
in a second plug screw feeder for transferring im-
pregnated cellulosic material from the impregnation
chamber to the heating unit is arranged in the con-
nection between the impregnation chamber and the
heating unit.

26. Plant according to any one of items 20-25, further
comprising a hydrolysis unit connected to the heating
unit for hydrolysis of the pre-treated material from
the heating unit.
27. Plant according to item 26, wherein said hydrol-
ysis unit is adapted for enzymatic hydrolysis and a
neutralization vessel is arranged in the connection
between the heating unit and the hydrolysis unit.
28. Plant according to item 26 or 27, further compris-
ing a fermenting unit connected to the hydrolysis unit
for fermenting hydrolyzate from the hydrolysis unit,
wherein the hydrolysis unit and the fermenting unit
may be the same apparatus if the hydrolysis is en-
zymatic hydrolysis.
29. Plant according to item 28, further comprising a
separation unit connected to the fermenting unit for
separation of the target chemical from the fermen-
tation broth from the fermenting unit.
30. Plant according to item 29, wherein the separa-
tion unit is a distillation unit.
31. Plant according to any one of items 29 and 30,
wherein the target chemical is selected from the
group consisting of ethanol, butanol and succinic ac-
id.
32. Plant according to any one of items 29-31, further
comprising an anaerobic treatment unit connected
to the separation unit for production of biogas from
a residual fraction from the separation unit.
33. Plant according to any one of items 20-32, further
comprising a device for measuring a dry matter con-
tent of the cellulosic material, which device gener-
ates a signal on the basis of the dry matter content
measurement and applies the generated signal to
the plug screw feeder, said plug screw feeder re-
sponding to the applied signal by adapting the de-
gree of compression of the cellulosic material in the
plug screw feeder.
34. Plant according to item 33, wherein said device
is arranged in the impregnation chamber such that
the dry matter content of cellulosic material leaving
the plug screw feeder may be measured.

Brief description of the figures

[0010]

Figure 1 shows a system for pretreating lignocellu-
losic material.
Figure 2 is a simplified representation of a plug screw
feeder which may be used in the context of the
present disclosure.
Figure 3 shows the amount of SO2(g) (kg/h) (♦) add-
ed in pre-treatment of wooden chips and the pH (O)
of the resulting slurry before (Fig. 3A) and after (Fig.
3B) a plug screw feeder was used for transferring
the wooden chips to the impregnation chamber. The
data represents five-day periods of continuous pre-
treatment (the x-axis shows days).
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Detailed description

[0011] As a first aspect of the present disclosure, there
is thus provided a method of pre-treating a cellulosic ma-
terial before hydrolysis, comprising the steps of:

a) impregnating the cellulosic material with a reactive
water-soluble gas, such as sulphur dioxide (SO2) or
carbon dioxide (CO2), in an impregnation chamber
to obtain impregnated material; and
b) heating the impregnated material to obtain pre-
treated material, wherein the cellulosic material is
compressed when transferred to the impregnation
chamber.

[0012] The inventors have realized that compressing
the cellulosic material during its transfer to the impreg-
nation chamber results in a more efficient impregnation
as compared to transferring the cellulosic material with-
out compression.
[0013] Without being bound to any specific scientific
theory, the inventors believe that the compression serves
to control the dry matter content of the cellulosic material
to be impregnated. That is, while the dry matter contents
of the cellulosic raw material may vary to a substantial
degree over time (for example from one season to an-
other), the dry matter contents of the compressed mate-
rial will vary less. In particular, the inventors believe that
the compression reduces the amount of moist present
on the surface of the cellulosic material. This is believed
to be beneficial since gaseous SO2 and CO2 are highly
soluble in water and surface moist may therefore prevent
the gaseous SO2 or CO2 from penetrating the cellulosic
material (an efficient penetration is believe to one of the
major causes of an efficient impregnation).
[0014] Also, the compression may increase the spe-
cific surface area of the cellulosic material by "crushing"
it. This may also facilitate the impregnation. In particular,
the specific surface area of relatively dry cellulosic ma-
terial, such as corn cobs, may be significantly increased
during the compression.
[0015] Further and again without being bound to any
specific scientific theory, since the compressed material
in most cases will expand when entering the impregna-
tion chamber, the reactive water-soluble gas (such as
SO2 or CO2) in the impregnation chamber is believed to
be "sucked" into the expanding material to some extent.
In other words, the expansion may provide for an efficient
penetration.
[0016] The beneficial effect of the compression on the
results of impregnations is shown below under Exam-
ples.
[0017] In addition to the improved predictability, the
present disclosure may also provide for lower consump-
tion of the reactive water-soluble gas.
[0018] In an alternative manner, the cellulosic material
may be compressed right before it is transferred to the
impregnation chamber, which means that no step of

processing the cellulosic material is performed between
the compression and the transfer to the impregnation
chamber.
[0019] In embodiments of the first aspect of the present
disclosure, the cellulosic material may thus be com-
pressed to such a degree that it expands when entering
the impregnation chamber and/or its dry matter content
increases.
[0020] Also, in embodiments of the first aspect of the
present disclosure, the cellulosic material may be sub-
jected to a pressure of at least 5 bar, such as at least 10
bar, such as at least 30 bar during the compression.
[0021] Further, in alternative or complementing em-
bodiments of the first aspect of the present disclosure,
the bulk density of the cellulosic material is increased
with at least 20 %, such as at least 40 %, such as at least
60 %, such as at least 80 %, such as at least 100 %. The
bulk density increase may vary considerably between
different cellulosic materials and may for example de-
pend of the shape of the individual pieces of the cellulosic
material before the compression.
[0022] The "dry matter content" is the ratio between
the weight of the material when completely dried and the
weight of the material. Frequently, dry matter content is
expressed as weight percentage (w.%). The "dry matter
content" of a material is thus a measure of the amount
of non-water components in the material.
[0023] As explained above, the dry matter content of
the cellulosic material may be increased during the com-
pression. In embodiments of the first aspect, the cellu-
losic material may be compressed to such an extent that
the dry matter content is increased by at least 5 %, such
as at least 8 %. Here, the dry matter content (DM) in-
crease is calculated as (DMafter compression -
DMbefore compression)/DMbefore compression. Many fresh
lignocellulosic materials have a dry matter content of
about 50 %. Thus, if the DM is 50 % before the compres-
sion and 55 % after the compression, the increase is
(55-50)/50 = 10 %. Normally, cellulosic materials of lower
dry matter contents are dewatered to a larger extent dur-
ing the compression than cellulosic materials of higher
dry matter contents.
[0024] The dry matter content of the cellulosic material
may also be used for controlling the compression. In em-
bodiments of the first aspect of the present disclosure,
the dry matter content of cellulosic material may thus be
measured and the degree of compression of the cellu-
losic material transferred to the impregnation chamber
may be adapted in response to the measured dry matter
content. Even though it is possible to measure the dry
matter contents of the cellulosic material before the com-
pression, the measurement is preferably performed on
cellulosic material that has been compressed, such as
cellulosic material in the impregnation chamber.
[0025] The degree of compression may for example
be increased if the measured dry matter content is below
a first reference value and decreased if the measured
dry matter content is above a second reference value.
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[0026] The above-mentioned measurement and adap-
tation of compression may provide for more stable prop-
erties of the material to be impregnated and thereby a
more predictable result of the impregnation.
[0027] The transfer and compression of the first aspect
may for example be achieved by means of a plug screw
feeder. Plug screw feeders are discussed in more detail
below.
[0028] When using a plug screw feeder, the degree of
compression may be adapted by adjusting the speed of
the plug screw feeder; the lower the speed, the higher
the compression rate.
[0029] Also, the plug screw feeder may comprise an
abutment which is arranged to split up the plug of com-
pressed material leaving the plug screw feeder. The abut-
ment, which normally is adjustable, applies a pressure
on the plug. The degree of compression may thus be
adapted by adjusting the pressure applied by the abut-
ment; the higher the applied pressure, the higher the
compression rate. To facilitate this, the part of the abut-
ment that is contacted with the plug may be arranged on
a piston.
[0030] To facilitate the splitting-up of the plug, the abut-
ment may comprise a point aimed towards the plug. The
design of the point may be adapted to a given cellulosic
material.
[0031] Examples of plug screw feeders which may be
employed in the context of the present disclosure are
disclosed in US 5996770 and WO 91/04371. Further,
plug screw feeders are available from Andritz (e.g. the
lmpressafiner) and Metso.
[0032] In the context of the present disclosure, a "re-
active water-soluble gas" refers to a gas which reacts
with a cellulosic material, such as a lignocellulosic ma-
terial, or dissolves in water to form a solution that reacts
with the cellulosic material. In preferred embodiments,
the reactive water-soluble gas is CO2 or SO2. In the case
of CO2, SO2 or other weakly acidic gases, the water so-
lution comprises reactive protons.
[0033] The method of the first aspect may be continu-
ous, which means that, for a period of time, cellulosic
material is continuously transferred to the impregnation
chamber and impregnated material is continuously trans-
ferred to the heating. Further, pre-treated material may
be continuously transferred from the heating.
[0034] The inventors have shown that an efficient im-
pregnation may be achieved without increasing the pres-
sure in the impregnation chamber. In embodiments of
the first aspect of the present disclosure, the pressure in
the impregnation chamber may thus be 1.0-5.0 bar, such
as 1.0-3.0 bar, such as 1.0-1.5 bar.
[0035] The inventors have further realized that higher
temperatures may impair impregnation efficiency, in par-
ticular in the case of SO2 impregnation, which probably
is due to the volatility of SO2 (g). In embodiments of the
first aspect of the present disclosure, the temperature of
the impregnation may thus be 5-120 °C, such as 5-95 °C.
[0036] In the Examples below, SO2 impregnations are

shown to give a satisfactory result. The inventors believe
that even though SO2 impregnations may be the most
efficient, impregnations with other weakly acidic gases,
such as CO2, are also likely to work. In a preferred em-
bodiment of the present disclosure, the cellulosic material
is thus impregnated with SO2. There are however some
benefits to using CO2. Firstly, CO2 is free from sulphur,
which is beneficial from an environmental perspective.
Secondly, the CO2 may be obtained from a fermentation
of hydrolyzed material downstream of the pre-treatment.
CO2 is for example produced when sugars are fermented
to ethanol using yeast as the fermenting agent.
[0037] In the Examples below, the SO2 is added in the
form of a gas. Further, most of the SO2 in the impregna-
tion chamber is in gaseous form.
[0038] In embodiments of the first aspect, 0.1-10 %
(w/w) SO2 is added per added dry matter of cellulosic
material. Consequently, when 100 kg of cellulosic mate-
rial, calculated as dry matter, is transferred to the impreg-
nation chamber, 0.1-10 kg of SO2 may be added to the
same. In some embodiments, 0.25 - 2 % (w/w) SO2 is
added per added dry matter of cellulosic material.
[0039] The "cellulosic material" of the present disclo-
sure may be any material comprising cellulose. Exam-
ples of such materials are municipal paper waste, wood
material, agricultural residues and energy crops. The
wood material may be forestry residues, such as wood
chips, sawmill or paper mill discards. The municipal pa-
per waste may be recycled paper or paperboard. Agri-
cultural residues may be corn stover, corn fiber, corn
cobs, wheat straw, sugarcane bagasse, beet pulp, rice
straw or soybean stover, and energy crops may be fast
growing trees or woody grasses.
[0040] When handling lignocellulosic material, an effi-
cient pre-treatment is particularly important because the
cellulose and hemicellulose fibers of the native lignocel-
lulose material are tightly associated with lignin, which
make them less accessible to hydrolysis.
[0041] According to a preferred embodiment, the "cel-
lulosic material" of the present disclosure is thus "ligno-
cellulosic material". The lignocellulosic material may be
selected from wood material, agricultural residues and
energy crops, which are discussed above.
[0042] In the Examples below, the inventors show the
benefits of the method of the first aspect using wood chips
as the starting material. The inventors have also prac-
ticed the method of the first aspect using sugarcane ba-
gass as the starting material.
[0043] The heating of step b) is normally performed
under pressure, such as a pressure of 5-50 bar. The heat-
ing may be performed in one or more steps. The heating
is normally achieved by addition of pressurized steam.
[0044] The method of the first aspect normally forms
part of a process for making a target chemical. Such a
process may involve one or more of the following steps
subsequent to the pre-treatment:

c) hydrolysing the pre-treated material to obtain a
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hydrolyzate;
d) fermenting the hydrolyzate to obtain a target
chemical-containing fermentation broth;
e) separation of the target chemical to obtain a target
chemical-containing fraction and a residual fraction;
f) anaerobic treatment of the residual fraction to ob-
tain biogas and a waste water fraction.

[0045] In the hydrolysis, cellulose and optionally hemi-
cellulose polysaccharaides are degraded to shorter sac-
charides, normally monosaccharides and/or disaccha-
rides. The hydrolysis of step c) may for example be en-
zymatic hydrolysis, wherein the catalytic action of one or
more enzymes is employed. Alternatively, the hydrolysis
of step c) may be acidic hydrolysis, wherein the polysac-
charides are subjected to a lower pH, such as a pH of
1-3. Acidic hydrolysis is normally performed under ele-
vated temperature and pressure. The acidic hydrolysis
may be performed in one or more steps. The person
skilled in the art may without undue burden adapt an en-
zymatic or acidic hydrolysis to a given industrial context.
[0046] In the case of enzymatic hydrolysis, the pre-
treated material (which normally is in the form of a slurry)
may be neutralized by the addition of a neutralization
agent, such as a salt of a base (e.g. NaOH, Ca(OH)2,
CaCO3) or ammonium hydroxide. The pre-treated mate-
rial may for example be neutralized to reach a pH of 4-7.
The primary purpose of the neutralization is to obtain a
pH under which the enzymes perform well, or in the case
of SSF, under which the enzymes and the fermenting
agents perform well (see explanation of SSF below). Dif-
ferent enzymes and fermenting agents may have differ-
ent pH optima. Further, the temperature of the pre-treat-
ed material may be adjusted before the hydrolysis or
SSF.
[0047] In the fermentation, the shorter saccharides are
converted to the target chemical by one or more fermen-
tation agents, such as yeast and/or bacterium. For ex-
ample, the fermentation agents may comprise a first
agent capable of converting hexoses to the target chem-
ical and a second agent capable of converting pentoses
to the target chemical. Also, the same fermentation agent
may be capable of converting both pentoses and hexos-
es to the target chemical.
[0048] If the hydrolysis is enzymatic, the hydrolysis and
fermentation may be performed simultaneously, e.g. in
the same vessel. Such a process is sometimes referred
to as "Simultaneous Saccharification and Fermentation"
(SSF). The person skilled in the art may without undue
burden adapt a fermentation or an SSF to a given indus-
trial context.
[0049] A solid residue comprising lignin may be ob-
tained from any one of steps b)-f). This can be a valuable
product that may be used as fuel, for example in produc-
tion of heat or electricity.
[0050] The target chemical of the present disclosure
may be any chemical that can be produced from shorter
saccharides by fermenting agents. Examples of such

chemicals are ethanol, butanol and succinic acid.
[0051] The method of the first aspect may thus repre-
sent some of the first steps in a method for making ethanol
from cellulose. In the ethanol-making processes, the fer-
menting agents are normally yeasts. In the art, yeasts
capable of converting hexoses and pentoses, respec-
tively, have been described. The person skilled in the art
is aware of different yeast strains that have been adapted
to the conditions present in the process of making ethanol
from cellulose. However, it is to be understood that the
present disclosure is not limited to any specific yeast
strain or fermentation method.
[0052] As a second aspect of the present disclosure,
there is provided a system comprising an impregnation
chamber for impregnating the cellulosic material with a
reactive water-soluble gas (such as SO2 or CO2) con-
nected to a heating unit for heating impregnated cellu-
losic material, wherein a plug screw feeder for feeding
the cellulosic material to the impregnation chamber is
arranged at the impregnation chamber. The system is
primarily intended to be part of a plant for production of
a target chemical, such as ethanol, from a cellulosic ma-
terial.
[0053] The embodiments of the first aspect described
above apply mutatis mutandis to the second aspect. Fur-
ther, the benefits of the second aspect follow from the
above discussion about the method of the first aspect
and the embodiments thereof.
[0054] Some non-limiting embodiments of the second
aspect are anyway described below.
[0055] In embodiments of the second aspect, the im-
pregnation chamber may comprise at least one inlet for
the reactive water-soluble gas. The inlet(s) may for ex-
ample be arranged above the bottom of the impregnation
chamber. Such an arrangement is beneficial because
water may be accumulated on the bottom of the impreg-
nation chamber, and letting SO2 or CO2 gas pass a layer
of water could reduce the amount of SO2 or CO2 available
for the impregnation since the SO2 or CO2 gas is very
soluble in water. (Of course, this also applies to other
water-soluble gases). In some embodiments, the impreg-
nation chamber may comprise at least two, such as at
least three or four, inlets. A higher number of inlets may
provide for more even distribution of the gas in the cel-
lulosic material present in the impregnation chamber.
[0056] In embodiments of the second aspect, the im-
pregnation chamber may have an upper half and a lower
half and the plug screw feeder may be arranged at the
upper half. By arranging the cellulosic material inlet (here,
the plug screw feeder) at the upper half of the impregna-
tion chamber, the gravity force may be utilized for moving
the cellulosic material through the impregnation cham-
ber. Transportation screws may also assist in this pur-
pose.
[0057] Accordingly, the impregnation chamber may
comprise an outlet for impregnated cellulosic material
which is arranged at the lower half (e.g. near the bottom)
of the impregnation chamber. Such an outlet is then con-
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nected to the heating unit.
[0058] In embodiments of the second aspect, a second
plug screw feeder for transferring impregnated cellulosic
material from the impregnation chamber to the heating
unit may be arranged in the connection between the im-
pregnation chamber and the heating unit. Consequently,
such a plug screw feeder may be connected to the outlet
of the impregnation chamber.
[0059] The heating is normally performed under over
pressure, and a plug screw feeder is an efficient alterna-
tive for moving material from a zone of lower pressure to
a zone of higher pressure. Note that this is not the reason
for using a plug screw feeder to transfer the cellulosic
material to the impregnation chamber.
[0060] In some embodiments, more than one heating
unit may be included in the system. In the art, the heating
units are sometimes referred to as reactors.
[0061] In embodiments, the plant or system of the sec-
ond aspect may further comprise one or more of the fol-
lowing units (arranged downstream of the heating unit):

a hydrolysis unit connected to the heating unit for
hydrolysis of the pre-treated material from the heat-
ing unit;
a fermenting unit connected to the hydrolysis unit for
fermenting hydrolyzate from the hydrolysis unit,
a separation unit connected to the fermenting unit
for separation of a target chemical from fermentation
broth from the fermenting unit;
an anaerobic treatment unit connected to the sepa-
ration unit for production of biogas from a residual
fraction from the separation unit.

[0062] The hydrolysis unit may for example be adapted
for enzymatic hydrolysis and in such case, a neutraliza-
tion unit may be arranged in the connection between the
heating unit and the hydrolysis unit. The neutralization
unit may for example be a vessel in which the pre-treated
material may be mixed with a neutralization agent, such
as a salt of a base.
[0063] Further, if the hydrolysis unit is adapted for en-
zymatic hydrolysis, the hydrolysis unit and the fermenting
unit may be the same apparatus. In such case, the ap-
paratus is adapted for SSF.
[0064] Various embodiments of fermenting units, or
"fermentors", are available. A fermentor may be adapted
to SSF.
[0065] The separation unit may for example be a dis-
tillation unit. Distillation is a frequently used technique for
separating ethanol from fermentation broth.
[0066] In embodiments, the plant or system of the sec-
ond aspect may comprise a device for measuring a dry
matter content of the cellulosic material, which generates
a signal on the basis of the dry matter content measure-
ment and applies the generated signal to the plug screw
feeder, wherein said plug screw feeder responds to the
applied signal by adapting the degree of compression of
the cellulosic material in the plug screw feeder. Normally,

the degree of compression is increased in response to a
signal indicating a low dry matter content and decreased
in response to a high dry matter content. "Adapting the
degree of compression" may for example be adapting
the speed of the plug screw feeder or adapting the pres-
sure applied by the abutment, wherein a lower speed or
a higher applied pressure results in a higher degree of
compression. Other control mechanisms are discussed
above in connection with the first aspect.
[0067] The device may for example comprise a radia-
tion generator and a radiation detector for the dry matter
content measurement. The radiation generator may for
example be a microwave generator and the detector a
microwave detector. Alternatively, or as a complement,
the radiation generator may be an Infra Red (IR) gener-
ator and the detector may be an IR detector.
[0068] The device may be arranged in the impregna-
tion chamber such that the dry matter content of the cel-
lulosic material leaving the plug screw feeder (i.e. the
cellulosic material entering the impregnation chamber)
may be measured.

Examples

[0069] A non-limiting example of a method and system
for pretreating lignocellulosic material is described with
reference to Fig 1. Lignocellulosic material, such as sug-
arcane bagass or wooden chips, is added 1 to a plug
screw feeder 2 arranged at the top of an impregnation
chamber 3. While the lignocellulosic material is trans-
ferred to the impregnation chamber 3 in the plug screw
feeder 2 it is compressed and thereby dewatered. At the
outlet of the plug screw feeder 2, the compressed ligno-
cellulosic material has the form of a plug which form a
tight seal preventing leakage of SO2(g) out of the impreg-
nation chamber 3. The upper part of the impregnation
chamber 3 may comprise a mixing zone 4, in which the
plug is broken up into smaller pieces to facilitate the im-
pregnation. The mixing may be achieved by various tech-
niques. For example, the plug screw feeder 2 may com-
prise an abutment arranged to split up the plug. SO2 (g)
is added to the impregnation chamber 3. The gas may
for example be added though a plurality of inlets arranged
above the bottom of the impregnation chamber. A second
plug screw feeder 5 is arranged at the bottom of the im-
pregnation chamber 3 for feeding impregnated material
to a heating unit 6. The plug formed in the second plug
screw feeder 5 allows for an increased pressure in the
heating unit 6, in which pressurized steam is employed
to complete the pre-treatment of the lignocellulosic ma-
terial. The pre-treated lignocellulosic material is normally
in the form of a slurry after the heat treatment in the heat-
ing unit 6. The slurry, which leaves the heating unit
through an outlet 7, may then be hydrolyzed. If the hy-
drolysis is enzymatic, the slurry is normally neutralized
before any contact with the enzymes.
[0070] A non-limiting example of a plug screw feeder
is described with reference to Fig 2. The plug screw feed-
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er 20 comprises a screw 21 which, under operation,
transfers and compresses material added to the plug
screw feeder 20. Material added to the plug screw feeder
20 normally forms a compact plug in the outlet 22 of the
plug screw feeder 20. The plug screw feeder 20 may
further comprise an abutment 23 arranged to split up the
plug as it leaves the outlet 22. The abutment 24 may
comprise a pointy tip 24 to facilitate the splitting. The
pressure applied by the abutment 23 on the plug may be
adjustable.

Comparison of pre-treatment with and without compres-
sion

[0071] In general, the inventors have noted that the pH
of the liquid squeezed out of the impregnated material in
the plug screw feeder 5 (see Fig 1) and the pH of liquid
from the pre-treated material/slurry became more stable
when a plug screw feeder was employed for transferring
wooden chips to the impregnation chamber.
[0072] Figure 3 illustrate the effect of the plug screw
feeder in continuous pre-treatment of wooden chips in
SEKAB’s pilot plant in Örnsköldsvik, Sweden.
[0073] In the trials behind figure 3, an impregnation
chamber was connected to a first heating unit, which in
turn was connected to a second heating unit. Wooden
chips were fed to the impregnation chamber and a slurry
(pre-treated material) was obtained from the second
heating unit.
[0074] In the first part of the trials, 2 kg/h of SO2(g) was
added to the impregnation chamber. A non-compacting
transport screw was arranged for transferring the wooden
chips to the impregnation chamber. The pressure in the
impregnation chamber was approximately atmospheric.
Further, steam was added to the first and second heating
units such that the pressure was 6 bar in the first heating
unit and 20 bar in the second heating unit. Wooden chips
were continuously pre-treated over a five-day period and
the pH of liquid from the slurry was measured. The re-
sulting data is presented in figure 3A, which shows that
the pH was varying to a substantial degree and that the
pH was generally falling over the time period of the first
part of the trials.
[0075] In the second part of the trials, about 1 kg/h of
SO2(g) was added to the impregnation chamber. Further,
a plug screw feeder was arranged for transferring the
wooden chips to the impregnation chamber. The com-
pression in the plug screw feeder resulted in dewatering
of the wooden chips. Again the pressure in the impreg-
nation chamber was approximately atmospheric. Steam
was added to the first and second heating units. The pres-
sure in the first heating unit was gradually increased from
about 2 bar to about 6 bar during the five-day period of
continuous pre-treatment. The pressure in the second
heating unit was again 20 bar. pH of liquid from the slurry
was measured and the resulting data is presented in fig-
ure 3B, which shows that the pH was varying to some
degree. No general trend with regard to pH may however

be observed.
[0076] If the results of figure 3A and 3B are compared,
it may be concluded that the pH was more stable when
the plug screw feeder was employed; the variations in
figure 3B are smaller than in figure 3A, and figure 3B
shows no general trend. Further, a supply of 1 kg/h of
SO2(g) after the installation of the plug screw feeder re-
sulted in about the same pH as a supply of 2 kg/h of SO2
(g) before the installation. The plug screw feeder thus
provided for lower SO2 consumption. Further, the inven-
tors believe that the first (low-pressure) heating step is
of less importance and that it may be omitted. It is how-
ever notable that the pH remained stable in the second
part of the trials even though the pressure in the first
heating was changed.

Claims

1. Method of pre-treating a cellulosic material before
hydrolysis, comprising the steps of:

a) impregnating the cellulosic material with a re-
active water-soluble gas, such as sulphur diox-
ide (SO2) or carbon dioxide (CO2), in an impreg-
nation chamber to obtain impregnated material;
and
b) heating the impregnated material to obtain
pre-treated material,

wherein the cellulosic material is compressed right
before or when it is transferred to the impregnation
chamber.

2. Method according to claim 1, wherein the pressure
in the impregnation chamber is 0.5-5.0 bar, such as
0.7-3.0 bar, such as 0.8-1.5 bar.

3. Method according to claim 1 or 2, wherein temper-
ature of the impregnation is 5-120 °C.

4. Method according to any one of the previous claims,
wherein the impregnation chamber contains gase-
ous sulphur dioxide (SO2(g)) or carbon dioxide (CO2
(g)).

5. Method according to any one of the previous claims,
wherein the dry matter content (w/w) of the cellulosic
material is increased when the cellulosic material is
compressed.

6. Method according to claim 5, wherein the dry matter
content (w/w) of cellulosic material is measured and
the degree of compression of the cellulosic material
transferred to the impregnation chamber is adapted
in response to the measured dry matter content.

7. Method according to claim 6, wherein the dry matter
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content of cellulosic material that has been com-
pressed is measured and the degree of compression
is increased if the measured dry matter content is
below a first reference value and/or decreased if the
measured dry matter content is above a second ref-
erence value.

8. Method according to any one of the previous claims,
wherein the cellulosic material is a lignocellulosic
material, such as bagass or wood.

9. Method according to any one of the previous claims,
wherein the cellulosic material expands when enter-
ing the impregnation chamber.

10. Ethanol-making process comprising a method ac-
cording to any one of claims 1-9.

11. Plant for production of a target chemical from a cel-
lulosic material, comprising an impregnation cham-
ber for impregnating the cellulosic material with a
reactive water-soluble gas, such as sulphur dioxide
(SO2) or carbon dioxide (CO2), connected to a heat-
ing unit for heating impregnated cellulosic material,
wherein a plug screw feeder for feeding the cellulosic
material to the impregnation chamber is arranged at
the impregnation chamber.

12. Plant according to claim 11, further comprising a hy-
drolysis unit connected to the heating unit for hydrol-
ysis of the pre-treated material from the heating unit
and a fermenting unit connected to the hydrolysis
unit for fermenting hydrolyzate from the hydrolysis
unit, wherein the hydrolysis unit and the fermenting
unit may be the same apparatus if the hydrolysis is
enzymatic hydrolysis.

13. Plant according to claim 12, wherein said hydrolysis
unit is adapted for enzymatic hydrolysis and a neu-
tralization vessel is arranged in the connection be-
tween the heating unit and the hydrolysis unit.

14. Plant according to any one of claims 11-13, further
comprising a device for measuring a dry matter con-
tent of the cellulosic material, which device gener-
ates a signal on the basis of the dry matter content
measurement and applies the generated signal to
the plug screw feeder, said plug screw feeder re-
sponding to the applied signal by adapting the de-
gree of compression of the cellulosic material in the
plug screw feeder.

15. Plant according to any one of claims 11-14, wherein
the target chemical is selected from the group con-
sisting of ethanol, butanol and succinic acid.
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