
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

33
3 

31
0

A
1

TEPZZ¥¥¥¥¥_ZA_T
(11) EP 3 333 310 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.06.2018 Bulletin 2018/24

(21) Application number: 16202925.0

(22) Date of filing: 08.12.2016

(51) Int Cl.:
D21C 1/00 (2006.01) D21C 1/02 (2006.01)

D21B 1/22 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: Valmet AB
851 94 Sundsvall (SE)

(72) Inventors:  
• BJÖRKLUND, Peter

907 37 Umeå (SE)

• THYR, Anders
852 38 Sundsvall (SE)

• LAMBERT, Francois
854 60 Sundsvall (SE)

(74) Representative: Zumstein, Angela
Maiwald Patentanwalts- und 
Rechtsanwaltsgesellschaft mbH 
Elisenhof 
Elisenstraße 3
80335 München (DE)

(54) METHOD AND SYSTEM FOR TREATING BIOMASS

(57) The invention relates to a method for treating
biomass. In a first step (S10), the biomass (10) and a
treatment medium (11) are fed into a treatment unit (12)
such that the treatment medium (11) interacts with the
biomass (10) in order to provide pre-treated biomass
(10a, S10). In another step (S20), the pre-treated bio-
mass (10a) is filtrated in a separation unit (20) arranged
downstream the treatment unit (12), wherein a filtrate (21)

is separated from the pre-treated biomass (10a) in the
separation unit (20, S20). In another step (S30), the
pre-treated biomass (10a) is fed into a reactor unit (30)
arranged downstream the separation unit (20), wherein
a steam treatment of the pre-treated biomass (10a) takes
place within the reactor unit (30, S30). The invention also
relates to a device (1) for treating biomass.
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Description

Field of the invention

[0001] The invention generally relates to treatment
systems for treating biomass. In particular, the invention
relates to a method for treating biomass and a device for
treating biomass.

Background of the invention

[0002] The production of biocoal plays an important
role in today’s biomass treatment processes. For exam-
ple, biocoal is produced by steam explosion of heated
biomaterial. Therein, the ash content and energy density
are important properties of the final product. The yield of
a steam explosion biocoal process is quite high and main-
ly all the material, e.g. the biomass, remains in the final
product. However, depending on which raw material is
used, high ash content can be a problem as it is not re-
moved during steam explosion. The yield loss is partly
due to hemicellulose that is degraded into by-products
such as furfural, low molecule weight organic acid etc.
The presence of furfural and other similar degradation
products can be a problem during the production of the
biocoal. Furthermore, off-gassing and smell problems
during the storage of the final products may occur. The
presence of low energy value compounds, for example
hemicellulose, is also a limitation for a high energy den-
sity.
[0003] Current processes to decrease ash content dur-
ing the production of the biocoal include chip washing
which is not easily applicable to all materials, in particular
bark or forest residue. The non-optimal utilization of the
different wood components is a limiting factor for the
economy of biocoal processes.

Summary of the invention

[0004] It is an object of the present invention to provide
an improved process for treating biomass.
[0005] This object is achieved by the subject-matter of
the independent claims. Further exemplary embodi-
ments are evident from the dependent claims and the
following description.
[0006] According to a first aspect of the present inven-
tion, a method for treating biomass is provided. In a step
of the method, the biomass and a treatment medium are
fed into a treatment unit such that the treatment medium
interacts with the biomass in order to provide pre-treated
biomass. For feeding the biomass into the treatment unit,
a plug screw may be used which is arranged upstream
of the treatment unit. This pre-treated biomass is filtrated
in a separation unit which is arranged downstream the
treatment unit, wherein the filtrate is separated from the
pre-treated biomass in the separation unit. The pre-treat-
ed biomass is afterwards fed into a reactor unit which is
arranged downstream the separation unit, wherein a

steam treatment of the pre-treated biomass takes place
within the reactor unit.
[0007] In particular, the pre-treated biomass is ex-
posed to steam within the reactor unit, wherein the steam
is fed into the reactor unit in addition to the pre-treated
biomass. By treating the pre-treated biomass with steam
in the reactor unit, a treated biomass is generated. This
treated biomass may be discharged from the reactor unit
afterwards, wherein a steam explosion on the treated
biomass may take place during the discharge of the treat-
ed biomass, for example in a blow valve arranged down-
stream the reactor unit. A restriction which may have the
shape of a hole through which the treated biomass is
discharged may provide a means in which the steam ex-
plosion occurs. In particular, this restriction makes it pos-
sible that the steam can expand such that a flashing may
occur. The steam may for instance be water steam.
[0008] In another step, the final product, e.g. biocoal,
may be produced based on the treated biomass leaving
the reactor unit. However, the final product is not neces-
sarily biocoal. In particular, the composition of the final
product may be dependent on the raw material, e.g. the
biomass, fed into the treatment unit and on the treatment
of the biomass during the different steps of the method.
[0009] Using such a method for treating biomass
makes it possible that a considerable reduction of the
ash content or hemicellulose content can be achieved
within the pre-treated biomass before the steam explo-
sion is exerted on the pre-treated biomass. Furthermore,
a better fractionation of the biomass as well as a more
even treatment, particularly in subsequent process steps
like for instance steam explosion, may be achieved. This
ensures a reduced ash content in the final product and
that a higher energy value of the final material, e.g. the
biocoal material that may be present in pellets form, can
be achieved. Valuable parts of the filtrate may be used
for other applications in the process. In general, a higher
yield over the steam explosion reactor as well as less
degradation products can be achieved with the inventive
method for treating biomass.
[0010] The biomass may comprise wood material,
non-wood material, bark or forest residues. The final
product to be achieved by the method may be biocoal in
the form of pellets for example. After the biomass is fed
into the treatment unit which may be a vertical reactor
unit, a reaction between the biomass and the treatment
medium, which is also filled into the treatment unit, takes
place in order to provide the pre-treated biomass. The
treatment medium may for instance be steam or an im-
pregnation liquid filled into the treatment unit. Therefore,
the pre-treated biomass may either be a pre-steamed
biomass or an impregnated biomass. In this manner, two
different types of biomass treatment processes may be
covered by the inventive method. In another embodi-
ment, the biomass may also be pre-steamed before the
impregnation stage. In particular, the biomass may also
be pre-steamed before feeding the biomass into the treat-
ment unit. A steaming of the biomass, e.g. a steam treat-
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ment of the biomass may therefore be carried out in sep-
arate subsequent steps.
[0011] After the biomass has been pre-treated in the
treatment unit, a filtration of the pre-treated biomass is
carried out in the separation unit. Therefore, the pre-treat-
ed biomass may be transferred from the treatment unit
to the separation unit, for example by means of a con-
veyor unit. Such a conveyor unit may comprise a screw
conveyor. However, the conveyor unit may also comprise
a chute such that the pre-treated biomass may fall from
the treatment unit into the separation unit. Therefore,
gravity effects may also be used in order to convey the
pre-treated biomass from the treatment unit to the sep-
aration unit. In the separation unit, which is arranged
downstream the treatment unit, the pre-treated biomass
is filtrated such that a filtrate is provided in the separation
unit. In particular, the filtrate is separated from the pre-
treated biomass within the separation unit. The filtration
of the pre-treated biomass in the separation may also be
referred to as dewatering of the pre-treated biomass. The
filtrate may be collected and sent to a further refining
process which will be described in detail hereinafter. The
separation unit may be combined with a feeding part of
the reactor unit. Therefore, the separation unit may be a
separation unit and a feeding unit simultaneously.
[0012] After the filtrate is separated from the pre-treat-
ed biomass in the separation unit, the pre-treated and
now also filtered biomass is fed into the reactor unit ar-
ranged downstream the separation unit. For example,
the pre-treated biomass is transferred from the separa-
tion unit to the reactor unit by means of a further conveyor
unit, for example by means of the screw conveyor. The
conveyor unit for transferring the pre-treated biomass
from the separation unit to the reactor unit may be a plug
screw feeder. The conveyor unit, in particular the plug
screw feeder may be adapted to seal the reactor unit
from parts upstream of the reactor unit, for example form
the separation unit and from the treatment unit. The trans-
fer of the pre-treated biomass from the separation unit
to the reactor unit may comprise a feeding of the pre-
treated biomass to the reactor unit as well as a further
separation of filtrate from the pre-treated biomass even
after the separation unit. At the reactor unit, in particular
at an outlet of the reactor unit, a steam explosion on the
pre-treated biomass takes place. Therefore, the treated
biomass is discharged from the reactor unit such that the
treated biomass is transferred through a blow valve or a
restriction arranged at the outlet of the reactor unit in
order to expand the treated biomass thereafter.
[0013] In the context of the present invention, a steam
explosion may be understood as a violent boiling or a
flashing of water into steam. Therefore, steam is intro-
duced into the reactor unit such that the steam may act
on the pre-treated biomass within the reactor unit. Excess
steam may be recovered after discharging the biomass
from the reactor unit, i.e. after the steam explosion in the
reactor unit. This steam may be recirculated to other
steps in the treatment process. After the steam treatment

of the pre-treated biomass has been carried out, the
steamed biomass may be discharged from the reactor
unit where a steam explosion of the treated biomass
takes place. In particular, the steam explosion occurs
when discharging the treated biomass out of the reactor
unit. After the steam explosion on the pre-treated bio-
mass has been carried out, the steamed and/or steam
exploded biomass may be subjected to further treatment
steps after the reactor unit. The end product or final prod-
uct of the method may for instance be biocoal in the form
of pellets.
[0014] According to an embodiment of the invention,
the separated filtrate is divided or split within a filtration
unit into a first filtrate portion with a solid matter content
that is lower than a predetermined threshold value and
a second filtrate portion with a solid matter content that
is higher than the predetermined threshold value.
[0015] In this manner, it is possible to distinguish be-
tween different by-products of the biocoal production
process. For example, the separated filtrate is dis-
charged from the separation unit and may be used for
other production steps in the treatment method. There-
fore, the selection of filtrate portions which are suitable
to be used in further treatment steps can be carried out
in the filtration unit. It is possible that the first filtrate por-
tion with the solid matter content that is lower than the
predetermined threshold value can be recirculated back
to the treatment unit such that the first filtrate portion can
be used, in particular reused, as treatment medium in
the treatment unit. Furthermore, it is possible that the
second filtrate portion with a solid matter content that is
higher than the predetermined threshold value can be
used in a further processing step within the treatment
process of the biomass. For example, the second filtrate
portion may be transferred to a further refining before
using it in another treatment step. However, the first fil-
trate portion and/or the second filtrate portion may also
be discharged from the treatment process in order to be
separately used for other purposes which means that the
filtrate portions are not used in the treatment process
again.
[0016] According to another embodiment of the inven-
tion, the solid matter content of the first filtrate portion
represents a content of hemicellulose and/or a content
of ash in the first filtrate portion. The solid matter content
of the second filtrate portion, however, represents a con-
tent of hemicellulose and/or a content of ash in the sec-
ond filtrate portion.
[0017] Thus, it is possible to separate or split a filtrate
portion with a high hemicellulose or ash content from a
filtrate portion with low hemicellulose or ash content.
However, the predetermined threshold value which may
be manually or automatically set determines whether the
filtrate portion belongs to the first filtrate portion or to the
second filtrate portion. The first filtrate portion may there-
fore comprise a hemicellulose and/or ash content that is
lower than the predetermined threshold value and a sec-
ond filtrate portion may comprise a hemicellulose and/or
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ash content that is higher than the predetermined thresh-
old value. In this manner, it is possible to provide two
streams of filtrate in which one stream of the filtrate, e.g.
the first filtrate portion, has a low hemicellulose and/or
ash content and the second filtrate portion has a high
hemicellulose and/or ash content. The filtrate content
may contain chemicals.
[0018] According to another embodiment of the inven-
tion, a recirculation of the first filtrate portion back to the
treatment unit is carried out such that the first filtrate por-
tion is reused for pre-treating the biomass in the treatment
unit. Both the recirculated first filtrate portion and the
treatment medium fed into the treatment unit interact with
the biomass within the treatment unit in order to provide
the pre-treated biomass.
[0019] Thus, it is possible to reuse treatment medium
which was fed into the reactor unit for pre-treating the
biomass by filtrating a part of this treatment medium in
the separation unit and in the filtration unit and recircu-
lating this part of treatment medium back to the treatment
unit. However, it is possible to reuse the first filtrate por-
tion for treatment in the treatment unit only if the first
filtrate portion has a hemicellulose and/or ash content
that is lower than the predetermined threshold value. In
this manner, a recirculation of filtrates with high hemicel-
lulose and/or ash content back to the treatment unit can
be prevented.
[0020] According to another embodiment of the inven-
tion, the second filtrate portion is fed into a refining unit
for further processing the second filtrate portion by
means of one of a chemical reaction, a thermal reaction
and a biochemical reaction.
[0021] Therefore, it is possible to further process or
refine filtrate portions separated from the pre-treated bi-
omass, wherein the separated filtrate portions may only
be used for further processing or refining if the hemicel-
lulose and/or ash content is higher than the predeter-
mined threshold value. The first filtrate portion and the
second filtrate portion may be transferred in separate
lines, for example by means of pumps integrated into
these lines. However, the first filtrate portion is pumped
back to the treatment unit whereas the second filtrate
portion is pumped to the refining unit such that the chem-
ical reaction, the thermal reaction and the biochemical
reaction can be carried out in combination or alternative-
ly. Such a refining process provides the possibility to ob-
tain valuable by-products of the biocoal production proc-
ess.
[0022] According to another embodiment of the inven-
tion, the second filtrate portion is screened for determin-
ing a composition of the second filtrate portion before
feeding the second filtrate portion into the refining unit.
The screening may be carried out in a screening unit.
[0023] The screening of the second filtrate portion may
allow an evaluation of the quality of the second filtrate
portion and the products which can be obtained by a re-
fining of the second filtrate portion in the refining unit. In
particular, the screening allows the determination of the

composition of the second filtrate portion and therefore
a determination of the hemicellulose and/or ash content
in the second filtrate portion. The results of the screening
may be used in order to decide whether a further reduc-
tion or increase of the hemicellulose and/or ash content
in the second filtrate portion is required. It is also possible
that the first filtrate portion is screened before feeding it
back to the treatment unit such that a specified purity
degree of the recirculated treatment medium can be en-
sured.
[0024] According to another embodiment of the inven-
tion, steam, in particular a part of the steam from the
steam treatment of the pre-treated biomass in the reactor
unit is recovered such that this steam can be discharged
from the reactor unit.
[0025] Furthermore, steam, in particular a part of the
steam from the steam explosion on the treated biomass
at the discharge of the reactor unit is recovered.
[0026] Therefore, it is possible to reuse excess steam
from the steam treatment step in the reactor unit and from
the steam explosion step after the treatment step in the
reactor unit, wherein the recovered steam may be fed
into a heat exchanger, a condensation unit or directly into
the treatment unit. These aspects will be described in
more detail hereinafter.
[0027] According to another embodiment of the inven-
tion, the recovered steam is fed into the treatment unit,
wherein the recovered steam is used for pre-treating the
biomass in the treatment unit. The condensation of at
least a part of the recovered steam is carried out in a
condensation unit such that thermal energy is provided
during the condensation of the recovered steam by
means of the condensation unit.
[0028] In this embodiment, the recovered steam is
used in the condensation unit to produce thermal energy
which can be used for the treatment process itself or for
external devices. Valuable components in the steam can
be partly or totally separated from the steam flow, for
example by a partial condensation in the condensation
unit.
[0029] According to another embodiment of the inven-
tion, the treatment medium is steam fed into the treatment
unit for pre-steaming the biomass within the treatment
unit such that a pre-steamed biomass is provided repre-
senting the pre-treated biomass.
[0030] Steam is provided for the treatment of the bio-
mass in the treatment unit. Additional recovered steam
can be fed into the treatment unit from the reactor unit.
In this manner it is possible to provide a pre-steaming of
the biomass before the separation of the filtrate and be-
fore the steaming, e.g. the main steaming, in the reactor
unit. In this embodiment, the pre-treated biomass may
also be referred to as pre-steamed biomass as the bio-
mass is pre-steamed in the treatment unit.
[0031] According to another embodiment of the inven-
tion, an impregnation liquid is fed into the treatment unit
for impregnating the biomass within the treatment unit
such that an impregnated biomass is provided represent-
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ing the pre-treated biomass.
[0032] Thus, the treatment of the biomass by means
of the impregnation liquid is an alternative treatment to
the treatment of the biomass by means of the steam fed
into the treatment unit. Therefore, the biomass is impreg-
nated in the treatment unit before the filtrate is separated
from the pre-treated biomass and before the steam treat-
ment of the pre-treated biomass is carried out in the re-
actor unit. In this embodiment, the pre-treated biomass
may also be referred to as impregnated biomass as the
biomass is impregnated in the treatment unit. In particu-
lar, the treatment medium is the impregnation liquid with
which the biomass is impregnated within the treatment
unit in order to provide the impregnated biomass. It is
possible that both steam and impregnation liquid are fed
into the treatment unit in order to pre-treat the biomass.
[0033] According to another embodiment of the inven-
tion, the impregnation liquid is filled into the treatment
unit up to a predetermined fill level such that the impreg-
nation of the biomass takes place during a transfer of the
biomass through the treatment unit.
[0034] It is possible that all the biomass which is trans-
ferred through the treatment unit interacts with the im-
pregnation liquid since the biomass is transferred through
the impregnation liquid stored in the treatment unit. For
example, the treatment unit is a vertical reactor unit in
which the biomass is conveyed by means of a screw
conveyor in an upward direction. For example, the treat-
ment unit which may have a longitudinal shape may be
vertically arranged with respect to an earth surface. The
raw material, e.g. the biomass, may be introduced or fed
into the treatment unit by means of a screw conveyor,
for example by means of a force feed screw or a plug
screw feeder or a combination thereof. In this manner, a
pre-compression of the biomass can be achieved before
the biomass enters the treatment unit.
[0035] According to another embodiment of the inven-
tion, the impregnation liquid is selected from the group
comprising water, acid, a catalyst or mixtures thereof.
For example, the catalyst may be an acid. For example,
the impregnation liquid is water.
[0036] According to another embodiment of the inven-
tion, a pressure within the treatment unit is controlled
such that the interaction between the treatment medium
and the biomass takes place under a pressurized condi-
tion.
[0037] Preferably, the impregnation of the biomass
with impregnation liquid is carried out under pressurized
conditions in the treatment unit. The pressurization in the
presence of an acid or a catalyst during the impregnation
of the biomass in the treatment unit is a further preferred
embodiment. Therein, the catalyst may also comprise an
acid.
[0038] Using pressurized conditions during the treat-
ment of the biomass, in particular in the presence of acid
or a catalyst which may be an acid in the impregnation
liquid, results in an enhanced solubilization of the hemi-
cellulose. This in turn results in an improved separation

of the filtrate with a higher hemicellulose content from
the pre-treated biomass.
[0039] According to another embodiment of the inven-
tion, a temperature within the treatment unit is controlled
such that the interaction between the treatment medium
and the biomass takes place under a heated condition.
[0040] The pressurization in the presence of an acid
or a catalyst during the impregnation of the biomass in
the treatment unit is preferably carried out at a temper-
ature of about 140°C. In this manner, the solubilization
of hemicellulose to be removed from the pre-treated bi-
omass can be accelerated and improved. In a subse-
quent feeding system or within the separation unit, which
is arranged downstream the treatment unit, the hemicel-
lulose can be removed from the pre-treated biomass. A
retention time of the pre-treated biomass can be
achieved in a buffer tank, a chute or a bin arranged be-
tween the treatment unit and the separation unit. Further-
more, a combined impregnation and removal of hemicel-
lulose can be achieved which requires less equipment.
[0041] Increasing the temperature and/or the pressure
in the treatment system may improve the reaction be-
tween the treatment medium and the biomass. In partic-
ular, the reaction kinetics can be influenced by heating
the biomass during the treatment in the treatment unit.
[0042] For a pressurized impregnation, the tempera-
ture may be between 100 and 205 °C. Other temperature
ranges may be between 100 and 140 °C or between
180-205 °C, preferably the temperature is between 185
and 195 °C. The pressure in the treatment unit may be
the pressure corresponding to the temperature. For ex-
ample, the pressure may be between 0 and 16.2 bar.
Other pressure ranges may be between 0 and 2.6 bar or
between 2.6-9 bar. Preferably, the pressure is between
10.2 and 13 bar.
[0043] According to another embodiment of the inven-
tion, the reactor unit, in which the steam treatment takes
place, is a continuous reactor or a batch reactor.
[0044] According to another aspect of the invention, a
device for treating biomass is provided. The device com-
prises a treatment unit, a separation unit arranged down-
stream of the treatment unit and a reactor unit arranged
downstream of the separation unit. The biomass and a
treatment medium are fed into the treatment unit such
that the treatment medium can interact with the biomass
in order to provide pre-treated biomass. The pre-treated
biomass is filtrated in the separation unit such that a fil-
trate is separated from the pre-treated biomass. The pre-
treated biomass is then fed into the reactor unit and a
steam treatment of the pre-treated biomass takes place
in the reactor unit.
[0045] It is possible that a steam separation unit is ar-
ranged downstream of the reactor unit, wherein, in the
steam separation unit, excess steam from the steam
treatment in the reactor unit is separated from the steam
treated biomass. The steam separation unit may for in-
stance be a cyclone or a mechanical steam separation
system.
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[0046] In the treatment unit, the biomass is either pre-
steamed at atmospheric pressure or under high pressure
and increased temperature. The pre-treated biomass is
then fed into the separation unit in which the filtrate is
separated, e.g. the biomass is dewatered and after-
wards, the pre-treated biomass is fed into the reactor unit
in which the steam treatment takes place. Steam is added
into the reactor unit to obtain a desired pressure and/or
temperature. The pre-treated biomass is steam-treated
in the reactor unit. Furthermore, the treated biomass is
steam-exploded when discharging the treated biomass
from the reactor unit. The reactor unit may be a contin-
uous reactor or a batch reactor. The filtrates which are
separated in the separation unit may be collected and
sent to further refining. For example, the filtrate can be
concentrated with ultra-filtration and/or the ultra-filtrated
filtrate, e.g. the first filtrate, can be reused in the process
wherein the second filtrate portion is used for further re-
fining. The refining or conversion into other products of
the filtrate can be carried out by a chemical, a thermal or
a biochemical reaction. Furthermore, it is possible to re-
fine or convert the filtrate into the other products by a
combination of a chemical, a thermal and a biochemical
reaction. During conversion of the filtrate, lactic acid, ace-
tic acid, furfural and other by-products may be obtained.
Furthermore, a screening of the filtrate can be carried
out before or after the ultra-filtration. The ultra-filtration
in the filtration unit may be applied for further refinement
to remove ash, minerals and fiber that have been pressed
out of the raw material in the separation unit.
[0047] The recovered steam in the reactor unit can be
used for the pre-steaming of the biomass in the treatment
unit. The biomass in the treatment unit may for instance
comprise wood raw material. Furthermore, valuable
components present in the steam can be partly or totally
separated from the steam flow, for example by partial
condensation with recovery of energy. Alternatively, the
steam can be used in a heat exchanger and all the prod-
ucts are recovered. In this case, the steam is not used
directly for the pre-steaming within the treatment unit.
This aspect will be described in more detail in the de-
scription of the figures.
[0048] In another embodiment, raw material, e.g. the
biomass, is impregnated with water and preheated in an
atmospheric or pressurized impregnation stage, for ex-
ample within the treatment unit. The impregnation may
be carried out before feeding the biomass into the reactor
unit and in particular before feeding the biomass into the
separation unit. The impregnated biomass is dewatered,
e.g. the filtrate is separated from the biomass between
the impregnation stage and the reactor unit. For example,
a plug screw that is used for feeding the pre-treated bi-
omass into the reactor unit may also be used to separate
the filtrate from the pre-treated biomass in the separation
unit. In particular, the separation unit may comprise a
screw conveyor, e.g. a screw press. Furthermore, a sep-
arate drainage equipment can be used in the separation
unit in order to separate the filtrate or drain the filtrate out

of the pre-treated biomass in the separation unit. The
filtrate is usually rich in hemicellulose as well as ash.
[0049] The filtrate can be concentrated, for example
with ultra-filtration and the filtrate can be reused in the
process, for example in the treatment unit, whereas an-
other part, e.g. the second portion of the filtrate, is used
for further refinement. In particular, the first filtrate portion
is reused in the treatment unit, for example as impreg-
nation liquid, and the second filtrate portion is used for
further refining in the refining unit. The refining or con-
version into other products of the second filtrate portion
can be carried out by a chemical, a thermal or a biochem-
ical reaction or a combination thereof. The screening of
the filtrate can be carried out before or after the ultra-
filtration and a further refining to remove ash, minerals
and fiber that have been pressed out of the biomass may
also be carried out.
[0050] The recovered steam can be used for the pre-
steaming of the biomass in the treatment unit. Valuable
components present in the steam can be partly or totally
separated from the steam flow, for example by partial
condensation. Alternatively, the steam can be used in a
heat exchanger and all the products can be recovered in
this way. In this case, the recovered steam is not used
directly for the pre-steaming within the treatment unit.
[0051] The inventive method provides for a higher en-
ergy value of the final pellets, e.g. the biocoal pellets, and
a recovery of hemicellulose that can be used for other
applications. In particular, the inventive method or device
provides for a removal of hemicellulose that can be re-
covered for other applications. For example, a chemical,
a biochemical or a thermal conversion into other products
may be carried out. A further consequence of the inven-
tive method and device is a higher yield over the steam
explosion reactor, e.g. the reactor unit, and a less deg-
radation of products as well as a higher energy density.
The removal of hemicellulose also leads to a lower ash
content, a lower content of byproducts and a reduced off-
gassing.
[0052] When using raw material, e.g. biomass, with
high sand content or high ash content, the inventive meth-
od or device is of particular advantage because the con-
tent of ash in the final product can be decreased. The
quality of the biocoal, which may be the end product of
the method, may be improved although bark and forest
residues, which normally lead to a high hemicellulose
and ash content, are used as raw material. If the temper-
ature of the process is controlled, a defined pre-heating
may be achieved such that the need for steam in the
reactor unit is reduced.
[0053] Furthermore, the recovery of steam from a blow
line is used in the pre-steaming, e.g. in the treatment unit.
A cleaning of the steam may be carried out in order to
separate unwanted products from the steam before re-
circulating the steam from the reactor unit back to the
treatment unit. Furthermore, condensate from the con-
densation unit may be used in the treatment unit. The
separation or a concentration of hemicellulose from the
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filtrate, for example by ultra-filtration, and the recircula-
tion of the filtrate to the treatment unit may reduce the
amount of fresh treatment medium required in the treat-
ment unit. In another embodiment, the filtrate is sent to
a further refining step.
[0054] Furthermore, a pre-steaming before the treat-
ment of the biomass in the treatment unit is also possible.
The biomass may also be washed before the pre-steam-
ing in the treatment unit. The separation of the filtrate
may be carried out pressurized if the pre-steaming or
impregnation in the treatment unit is carried out pressu-
rized. However, the separation of the filtrate may also be
carried out at atmospheric pressure. The filtrate may be
sent to fermentation, aerobic and anaerobic digestion,
with or without an intermediate or a simultaneous enzy-
matic treatment. For example, biogas may be produced
during the treatment of the filtrate. The filtrate may contain
sugar, e.g. monomers or oligomers, tannin, extractives,
etc. The filtrate may further be refined and transformed,
for example in the refining unit.
[0055] Ethanol or another solvent can be added into
the treatment unit and the pH value in the treatment unit
may be adjusted, for example such that a slightly alkaline
pH value is obtained in the treatment unit.

Brief description of the drawings

[0056]

Fig. 1 schematically shows a device for treating bio-
mass according to an embodiment of the inven-
tion.

Fig. 2 schematically shows a part of a device for treat-
ing biomass according to an embodiment of the
invention.

Fig. 3 schematically shows a part of a device for treat-
ing biomass according to another embodiment
of the invention.

Fig. 4 schematically shows a device for treating bio-
mass using an impregnation of the biomass ac-
cording to an embodiment of the invention.

Fig. 5 schematically shows a part of a device for treat-
ing biomass using an impregnation of the bio-
mass according to an embodiment of the inven-
tion.

Fig. 6 schematically shows a part of a device for treat-
ing biomass using an impregnation of the bio-
mass according to another embodiment of the
invention.

Fig. 7 shows a flow diagram of a method for treating
biomass according to an embodiment of the in-
vention.

Detailed description of the drawings

[0057] In Fig. 1, a device 1 for treating biomass 10 is
shown. The biomass 10 is fed into a treatment unit 12 in
which the biomass 10 interacts with a treatment medium
11 also fed into the treatment unit 12. After an interaction
or reaction between the biomass 10 and the treatment
medium 11, a pre-treated biomass 10a is provided. The
pre-treated biomass 10a is fed into a separation unit 20
comprising a screw press 18 in which the filtrate 21 is
separated from the pre-treated biomass 10a. The filtrate
21 is fed into the filtration unit 40 after it has been sepa-
rated from the pre-treated biomass 10a in the separation
unit 20, in particular in the screw press 18 of the sepa-
ration unit 20. In the filtration unit 40, a first filtrate portion
41a is separated from a second filtrate portion 41b where-
in the first filtrate portion 41a has a solid matter content
that is lower than a predetermined threshold value and
the second filtrate portion 41b has a solid matter content
that is higher than the predetermined threshold value.
The solid matter content of the first filtrate portion 41a
and the second filtrate portion 41b represent a content
of hemicellulose and/or an ash content in the first filtrate
portion 41a and in the second filtrate portion 41b respec-
tively.
[0058] The first filtrate portion 41a may be introduced
into the treatment unit 12 such that the first filtrate portion
41a may be reused as treatment medium which interacts
with the biomass 10 in the treatment unit 12. A filtrate
part 41a’ may be branched off the first filtrate portion 41a
before the first filtrate portion 41a is introduced into the
treatment unit 12.
[0059] After the filtrate 21 has been separated from the
pre-treated biomass 10a in the separation unit 20, the
pre-treated biomass 10a is fed into a reactor unit 30 in
which a steam treatment of the pre-treated biomass 10a
takes place. Steam 110 is added into the reactor unit 30.
[0060] After the steam treatment in the reactor unit 30,
the treated biomass 10b, e.g. the steamed biomass, is
discharged from the reactor unit 30, wherein a steam
explosion on the treated biomass 10b takes place when
discharging the treated biomass 10b from the reactor unit
30. The treated biomass 10b is fed into a steam separa-
tion unit 300 which may be a cyclone or a mechanical
steam separation system. Excess steam from the reactor
unit 30 may be recovered in the steam separation unit
300, wherein the recovered steam 31 is reused in the
treatment unit 12. In particular, the recovered steam 31
is used for pre-steaming the biomass 10 in the treatment
unit 12. In this case, the pre-treated biomass 10a is a
pre-steamed biomass. The treated biomass 10b may be
fed into a drying unit 70 in which the treated biomass 10b
is dried and prepared for further processing. Further
processing may comprise the production of biocoal, e.g.
biocoal pallets.
[0061] The treatment medium 11 used in the treatment
unit 12 in order to pre-treat the biomass 10 may be steam
which is introduced from a steam source 11a. The steam
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from the steam source 11 a may be combined with the
recovered steam 31 which together provide the steam,
e.g. the treatment medium 11 in the treatment unit 12.
The recovered steam 31 may also be converted into ther-
mal energy, for example by condensation of the steam,
wherein the thermal energy may be stored in a storage
unit 80 or used for external devices. The recovered steam
30 may also be condensed in order to extract valuable
components out of the recovered steam 31, wherein the
components may also be stored in the storage unit 80.
[0062] The second filtrate portion 41b may be fed into
a refining unit 50 in which the second filtrate portion 41b
is further processed by means of one of a chemical re-
action, a thermal reaction and a biochemical reaction.
Furthermore, combinations of these reaction types are
also possible. However, the refined second filtrate portion
41b may be used to produce valuable byproducts of the
biomass treatment process.
[0063] Fig. 2 shows another embodiment of a part of
the device 1 for treating biomass 10. Therein, the bio-
mass 10 is fed into the treatment unit 12 together with
the treatment medium 11. The treatment medium 11 may
be steam which comes from a separate steam source
11a. In the treatment unit 12, a reaction or interaction
between the treatment medium 11 and the biomass 10
takes place such that a pre-treated biomass 10a, in par-
ticular a pre-steamed biomass, is provided. The pre-
treated biomass 10a is fed into the separation unit 20
comprising the screw press 18 in which the filtrate 21 is
separated from the pre-treated biomass 10a. The sepa-
rated filtrate 21 may be further processed as described
with reference to Fig. 1.
[0064] The pre-treated biomass 10a is fed into the re-
actor unit 30 after it has been discharged from the sep-
aration unit 20, wherein a steam treatment of the pre-
treated biomass 10a is carried out in the reactor unit 30.
Steam 110 is added into the reactor unit 30. The treated
biomass 10b is then fed into the steam separation unit
300 which may be a cyclone or a mechanical steam sep-
aration system. Excess steam from the reactor unit 30
may be recovered in the steam separation unit 300. The
treated material may then be fed into the drying unit 70
downstream of the steam separation unit 300 in order to
dry the treated biomass 10b for further processing. Re-
covered steam 31 coming from the steam separation unit
300 is then fed into a condensation unit 60 wherein a
condensation of the recovered steam 31 takes place.
Condensated product 32 provided by the condensation
of the recovered steam 31 in the condensation unit 60
may be collected in the storage unit 80. A part of the
recovered steam 31 may, however, be recirculated back
to the treatment unit 12 in order to pre-steam the biomass
10 in the treatment unit 12.
[0065] Fig. 3 shows another embodiment of a part of
the device 1 for treating biomass 10. Therein, all the com-
ponents of the device 1 are the same as the components
shown in Fig. 1 except the fact that the recovered steam
31 is fed into a heat exchanger 65 instead of a conden-

sation unit 60. In particular, the recovered steam 31 is
conveyed through the heat exchanger 65 in which the
thermal energy of the recovered steam 31 is used to heat
water or steam coming from the source 11a such that
this water or steam can be used as treatment medium
11 in the treatment unit 12. The recovered steam 31 may
be collected in the storage unit 80 in order to be reused
in the reactor unit 30 or for other purposes, for example.
However, this embodiment provides an efficient usage
of the recovered steam 31 from the steam separation
unit 300. The steam or water from the source 11a heated
in the heat exchanger 65 is used as treatment medium
11 in the treatment unit 12, wherein an interaction or re-
action between the biomass 10 and the treatment medi-
um 11 takes place.
[0066] The pre-treated biomass 10a, which in this case
is a pre-steamed biomass, is fed into the separation unit
20 comprising the screw press 18 for separating the fil-
trate 21 from the pre-treated biomass 10a. The pre-treat-
ed biomass 10a is fed into the reactor unit 30 after it has
been discharged from the separation unit 20, wherein
the steam treatment takes place in the reactor unit 30.
Steam 110 is added into the reactor unit 30. The treated
biomass 10b coming from the reactor unit 30 is then fed
into the steam separation unit 300 which may be a cy-
clone or a mechanical steam separation system. The
treated biomass 10b may then be fed into a drying unit
70 downstream of the steam separation unit 300 in order
to dry the treated biomass 10b for further processing.
[0067] Fig. 4 shows another embodiment of the device
1 for treating biomass 10. This embodiment shows the
impregnation of the biomass 10 in the treatment unit 12
by means of an impregnation liquid 13 which is filled into
the treatment unit 12 up to a predetermined fill level 16.
A screw conveyor 14a is provided in order to transfer the
biomass 10 through the impregnation liquid 13 during the
interaction or reaction between the biomass 10 and the
impregnation liquid 13 within the treatment unit 12. A plug
screw or a screw conveyor 14b may be provided in order
to feed the biomass 10 into the treatment unit 12. In this
embodiment, the pre-treatment of the biomass 10 in the
treatment unit 12 is an impregnation of the biomass 10
such that the pre-treated biomass 10a is represented by
impregnated biomass. Before the impregnated biomass
or pre-treated biomass 10a is fed into the separation unit
20, it may be transferred through a bin or buffer tank 15.
[0068] The pre-treated biomass 10a is then fed into
the separation unit 20 which comprises a screw press 18
in which the filtrate 21 is separated from the pre-treated
biomass 10a. The filtrate 21 is then divided within the
filtration unit 40 into a first filtrate portion 41a and a second
filtrate portion 41b. The first filtrate portion 41a may be
used as used the treatment medium in the treatment unit
12. The second filtrate portion 41b may be further refined
in a refining unit 50, for example by a chemical reaction,
a thermal reaction, a biochemical reaction or a combina-
tion thereof.
[0069] The pre-treated biomass 10a is then fed from
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the separation unit 20 into the reactor unit 30 where a
steam treatment of the pre-treated biomass 10a takes
place. Steam is added into the reactor unit 30. After the
steam treatment, the treated biomass 10b is first steam
exploded and is then fed into the steam separation unit
300 which may be a cyclone or a mechanical steam sep-
aration system. The treated biomass 10b may then be
fed into the drying unit 70 in which the treated biomass
10b is dried and prepared for further processing, in par-
ticular for producing biocoal. Recovered steam 31 from
the steam explosion process in the steam separation unit
300 is for instance fed back or recirculated back to the
treatment unit 12 in order to pre-steam the impregnated
biomass in the treatment unit 12. Furthermore, fresh
steam as treatment medium 11 may be introduced into
the treatment unit 12 from a steam source 11a. In this
embodiment, the impregnation liquid 13 may represent
the treatment medium 11. However, it is also possible
that both the impregnation liquid 13 and the recovered
steam 31 may represent the treatment medium 11 intro-
duced into the treatment unit 12 in order to pre-treat the
biomass 10.
[0070] The recovered steam may also be condensated
in a condensation unit not shown in Fig. 4 wherein con-
densated products from the condensation process of the
recovered steam 31 may be stored in a storage unit 80.
[0071] Fig. 5 shows a part of the device 1 for treating
biomass 10 using an impregnation of the biomass 10.
Therein, all the components shown in Fig. 5 are the same
components as shown in Fig. 4 except the fact that the
recovered steam 31 is condensed in a condensation unit
60 wherein condensated products 32 provided by the
condensation of the recovered steam 31 in the conden-
sation unit 60 is stored in the storage unit 80. In particular,
Fig. 5 shows an embodiment in which the recovered
steam 31 is at least partly converted into condensated
products 32 and another part of the recovered steam 31
is recirculated back to the treatment unit 12. The recov-
ered steam 31 which is recirculated back to the treatment
unit 12 may be used for pre-steaming the impregnated
biomass in the treatment unit 12.
[0072] Fig. 6 shows a part of the device 1 for treating
biomass 10 using an impregnation of the biomass 10.
Therein, all the components shown in Fig. 6 are the same
components as shown in Fig. 5 except that a heat ex-
changer 65 is provided in which the recovered steam 31
transfers thermal energy to the water or steam from the
source 11a. The steam or water from the source 11a may
be used as treatment medium 11 in the treatment unit 12
for pre-steaming the biomass 10 during or after the im-
pregnation of the biomass 10 with the impregnation liquid
13. In this embodiment, both the steam and the impreg-
nation liquid 13 may represent the treatment medium 11.
Valuable components of the recovered steam 31 may be
collected in the storage unit 80 after the recovered steam
31 has passed the heat exchanger 65. In particular, the
thermal energy of the recovered steam 31 is transferred
to the water or fresh steam from the source 11a in the

heat exchanger 65.
[0073] Fig. 7 shows a flow diagram for a method for
treating biomass 10. In a step S10 of the method, the
biomass 10 and a treatment medium 11 are fed into the
treatment unit 12 such that the treatment medium 11 in-
teracts with the biomass 10 in order to provide pre-treated
biomass 10a. In another step S11, a pressure is control-
led within the treatment unit 12 such that the interaction
between the treatment medium 11 and the biomass 10
takes place under pressurized conditions. In another step
S12 of the method, a controlling of a temperature within
the treatment unit 12 is carried out such that the interac-
tion between the treatment medium 11 and the biomass
10 takes place under heated conditions. In another step
S20, the pre-treated biomass 10a is filtrated in a sepa-
ration unit 20 arranged downstream the treatment unit
12, wherein a filtrate 21 is separated from the pre-treated
biomass 10a in the separation unit 20. In another step
S21 of the method, the separated filtrate 21 is divided
within a filtration unit 40 into a first filtrate portion 41a with
a solid matter content that is lower than a predetermined
threshold value and a second filtrate portion 41b with a
solid matter content that is higher than the predetermined
threshold value. In step S22, a recirculation of the first
filtrate portion 41a back to the treatment unit 12 is carried
out such that the first filtrate portion 41a is reused for pre-
treating the biomass 10 in the treatment unit 12. In step
S23 of the method, the second filtrate portion 41b is
screened for determining a composition of the second
filtrate portion 41b before feeding the second filtrate por-
tion 41b into a refining unit 50. In step S24, the second
filtrate portion 41b is fed into the refining unit 50 for further
processing the second filtrate portion 41b by means of
one of a chemical reaction, a thermal reaction and a bi-
ochemical reaction. In step S30, the pre-treated biomass
10a is fed into a reactor unit 30 arranged downstream
the separation unit 20 wherein a steam treatment of the
pre-treated biomass 10a takes place within the reactor
unit 30. In step 30a, the steam treated biomass 10b is
discharged from the reactor unit 30. In step S31 of the
method, steam is recovered, wherein the recovered
steam 31 is discharged from a steam separation unit 300.
In another step S32 of the method, the recovered steam
31 is fed into the treatment unit 12, wherein the recovered
steam 31 is used for pre-steaming the biomass 10 in the
treatment unit 12. In a step S32’, which may be carried
out simultaneously or alternatively to step S32, at least
a part of the recovered steam 31 is condensed in a con-
densation unit 60 such that thermal energy is provided
during condensation of the recovered steam 31 by means
of the condensation unit 60.
[0074] While the invention has been illustrated and de-
scribed in detail in the drawings and the foregoing de-
scription, such illustration and description are to be con-
sidered illustrative and exemplary and not restrictive; the
invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art and
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practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended clams. In the
claims the term "comprising" does not exclude other el-
ements, and the indefinite article "a" or "an" does not
exclude a plurality. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope of protec-
tion.

Claims

1. Method for treating biomass (10), comprising:

Feeding the biomass (10) and a treatment me-
dium (11) into a treatment unit (12) such that the
treatment medium (11) interacts with the bio-
mass (10) in order to provide pre-treated bio-
mass (10a, S10);
Filtrating the pre-treated biomass (10a) in a sep-
aration unit (20) arranged downstream of the
treatment unit (12), wherein a filtrate (21) is sep-
arated from the pre-treated biomass (10a) in the
separation unit (20, S20); and
Feeding the pre-treated biomass (10a) into a re-
actor unit (30) arranged downstream of the sep-
aration unit (20), wherein a steam treatment of
the pre-treated biomass (10a) takes place within
the reactor unit (30, S30).

2. Method according to claim 1, comprising:

Dividing the separated filtrate (21) within a filtra-
tion unit (40) into a first filtrate portion (41a) with
a solid matter content that is lower than a pre-
determined threshold value and a second filtrate
portion (41b) with a solid matter content that is
higher than the predetermined threshold value
(S21).

3. Method according to claim 2,

wherein the solid matter content of the first fil-
trate portion (41a) represents a content of hemi-
cellulose and/or a content of ash in the first fil-
trate portion (41 a); and
wherein the solid matter content of the second
filtrate portion (41b) represents a content of
hemicellulose and/or a content of ash in the sec-
ond filtrate portion (41b).

4. Method according to any one of claims 2 to 3, com-
prising:

Recirculating the first filtrate portion (41a) back
to the treatment unit such that the first filtrate

portion (41a) is reused for pre-treating the bio-
mass (10) in the treatment unit (12, S22); and
wherein both the recirculated first filtrate portion
(41a) and the fed treatment medium (11) interact
with the biomass (10) within the treatment unit
(12) in order to provide the pre-treated biomass
(10a).

5. Method according to any one of claims 2 to 4, com-
prising:

Feeding the second filtrate portion (41b) into a
refining unit (50) for further processing the sec-
ond filtrate portion (41b) by means of one of a
chemical reaction, a thermal reaction and a bi-
ochemical reaction (S24).

6. Method according to claim 5, comprising:

Screening the second filtrate portion (41b) for
determining a composition of the second filtrate
portion (41b) before feeding the second filtrate
portion (41b) into the refining unit (50, S23).

7. Method according to any one of the preceding
claims, comprising:

Recovering steam from the steam treatment of
the pre-treated biomass (10a) in a steam sepa-
ration unit (300) arranged downstream of the re-
actor unit (30) and discharging the recovered
steam (31) from the steam separation unit (300,
S31).

8. Method according to claim 7, comprising:

Feeding the recovered steam (31) into the treat-
ment unit (12), wherein the recovered steam
(31) is used for pre-steaming the biomass (10)
in the treatment unit (12, S32); and/or
Condensing at least a part of the recovered
steam (31) in a condensation unit (60) such that
condensated products (32) are provided during
condensation of the recovered steam (31) by
means of the condensation unit (60, S32’).

9. Method according to any one of the preceding
claims,

wherein the treatment medium (11) is steam fed
into the treatment unit (12) for pre-steaming the
biomass (10) within the treatment unit (12) such
that a pre-steamed biomass is provided repre-
senting the pre-treated biomass (10a).

10. Method according to any one of claims 1 to 8,

wherein the treatment medium (11) is an impreg-
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nation liquid (13) fed into the treatment unit (12)
for impregnating the biomass (10) within the
treatment unit (12) such that an impregnated bi-
omass is provided representing the pre-treated
biomass (10a).

11. Method according to claim 10,

wherein the impregnation liquid (13) is filled into
the treatment unit (12) up to a predetermined fill
level such that the impregnation of the biomass
(10) takes place during a transfer of the biomass
(10) through the treatment unit (12).

12. Method according to any one of the preceding
claims, comprising:

Controlling a pressure within the treatment unit
(12) such that the interaction between the treat-
ment medium (11) and the biomass (10) takes
place under a pressurized condition (S11).

13. Method according to any one of the preceding
claims, comprising:

Controlling a temperature within the treatment
unit (12) such that the interaction between the
treatment medium (11) and the biomass (10)
takes place under a heated condition (S12).

14. Method according to any one of the preceding
claims,

wherein the reactor unit (30) is a continuous re-
actor or a batch reactor.

15. Device (1) for treating biomass, comprising:

a treatment unit (12);
a separation unit (20) arranged downstream of
the treatment unit (12);
a reactor unit (30) arranged downstream of the
separation unit (20);

wherein biomass (10) and a treatment medium (11)
is fed into the treatment unit (12) such that the treat-
ment medium (11) can interact with the biomass (10)
in order to provide pre-treated biomass (10a);
wherein the pre-treated biomass (10a) is filtrated in
the separation unit (20) such that a filtrate (21) is
separated from the pre-treated biomass (10a); and
wherein the pre-treated biomass (10a) is fed into the
reactor unit (30) and a steam treatment of the pre-
treated biomass (10a) takes place in the reactor unit
(30).
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