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(54) REACTOR FLOW CONTROL

(57) A gasification system and a method for gasifying
a particulate carbonaceous fuel are disclosed. The gas-
ification system has a gasification chamber with an upper
section and a lower section with a fuel inlet for injecting
a particulate carbonaceous fuel and oxidant into the up-
per section whereby, in a thermo-chemical reaction, syn-
thesis gas and residual char is generated. The gasifica-
tion system further includes a separator configured to
receive the synthesis gas and to separate residual tar
form the synthesis gas. Further, there is a char bed dis-
posed in the lower section formed by residual char gen-
erated in the thermo-chemical reaction and a gas-inlet
at a bottom portion of the lower section for injecting gas
into the char bed. The residual tar is injected into the char
bed whereby, in a thermal cracking process, the residual
tar is converted into synthesis gas. Hereby, it is possible
to utilize the otherwise lost energy contained in the re-
sidual tar, and thereby achieve better efficiency in a gas-
ification system, in a cost-effective and simple manner.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention generally relates to con-
version of carbonaceous materials into desirable gase-
ous products such as synthesis gas. More specifically
the present invention relates to a gasification system for
gasifying carbonaceous material and a method thereof.

BACKGROUND

[0002] Gasification can be described as a process
where organic or fossil fuel based carbonaceous mate-
rials are converted into a product gas of varying molecular
weights, such as e.g. carbon monoxide, hydrogen and
carbon dioxide. This is generally achieved through a ther-
mo-chemical reaction where the carbonaceous materials
react with a controlled amount of oxygen, steam and/or
carbon dioxide acting as an oxidant, the resulting product
gas mixture is often called synthesis gas (also known as
synthetic gas or syngas).
[0003] The synthesis gas can later be used as a fuel
gas where it is burned directly as fuel to produce heat
and/or electric power or as an intermediate for other mul-
tiple uses. The power derived from gasification of bio-
based feedstock is considered to be a source of renew-
able energy and the gasification industry has attracted a
lot of interest during these last decades.
[0004] Further, gasification differs from other, more tra-
ditional energy-generating processes, in that it is not a
combustion process, but rather a conversion process.
Instead of the carbonaceous feedstock being wholly
burned in air to create heat to raise steam which is used
to drive turbines, the feedstock to be gasified is incom-
pletely combusted to create the syngas which then at a
later stage is completely combusted in order to release
the remaining energy. The atmosphere within the cham-
ber is deprived of oxygen, and the result is complex series
of reactions of the feedstock to produce synthesis gas.
The synthesis gas can be cleaned relatively easily, given
the much lower volume of raw synthesis gas to be treated
compared to the large volume of flue gases that need to
be treated in conventional post-combustion cleaning
processes. In fact, gasification processes used today are
already able to clean synthesis gas beyond many envi-
ronmental requirements. The clean synthesis gas can
subsequently be combusted in turbines or engines using
higher temperature (more efficient) cycles than the con-
ventional steam cycles associated with burning carbon-
aceous fuels, allowing possible efficiency improvements.
Synthesis gas can also be used in fuel cells and fuel cell-
based cycles with yet even higher efficiencies and ex-
ceptionally low emissions of pollutants. The (energy) ef-
ficiency of a gasification system is often measured in
terms of cold gas efficiency (CGE) which is the he ratio
between the chemical energy in the product gas com-
pared to the chemical energy in the fuel.

[0005] Nevertheless, even with the positive environ-
mental aspects there is still a need for increased efficien-
cy while still keeping the gasification system cost effec-
tive.
[0006] There is therefore a need in the industry for a
new and improved gasification system and method which
is energy efficient but at the same time reliable and cost-
effective.

SUMMARY OF THE INVENTION

[0007] It is accordingly an object of the present inven-
tion to provide a gasification system and a method for
gasifying carbonaceous material which alleviates all or
at least some of the above-discussed drawbacks of pres-
ently known systems. In more detail it is an object of the
present invention to provide for a gasification system and
method which is more cost effective and energy efficient
compared to the prior art.
[0008] This object is achieved by means of a gasifica-
tion system and method as defined in the appended
claims.
[0009] According to a first aspect of the present inven-
tion there is provided a gasification system for gasifying
a carbonaceous material, wherein the gasification sys-
tem comprises:

a gasification chamber having an upper section and
a lower section;
at least one screw-feeder for injecting and dispersing
a carbonaceous solid fuel with a, particle size of less
than 10 mm (and oxidant in some embodiments) into
the upper section whereby synthesis gas and resid-
ual char is generated by a first thermo-chemical re-
action occurring during a downwardly directed falling
of the carbonaceous fuel towards a bottom portion
of the lower section;
a char bed disposed in the lower section, the char
bed being formed by residual char generated in the
first thermo-chemical reaction;
at least one gas-inlet at a bottom portion of the lower
section for injecting oxidant into the char bed where-
by synthesis gas is generated by a second thermo-
chemical reaction from the residual char;
wherein the at least one screw feeder is arranged at
a predefined distance from the bottom portion,
wherein the predefined distance is at least 30% of a
vertical extension of the gasification chamber, pref-
erably the predefined distance is at least 50 % of the
vertical extension of the gasification chamber and
most preferably the predefined distance is 60% of
the vertical extension of the gasification chamber.

[0010] Hereby, an efficient and cost effective gasifica-
tion system is presented. In more detail, the gasification
system according to the first aspect of the present inven-
tion is less complex and more cost-effective as compared
to known prior art solutions and efficiently utilizes the
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residual char from the first thermo-chemical reaction to
form a char bed. The gasification system further has a
gas-inlet at the bottom portion of the lower section for
injecting oxidant into the char bed in order to form an at
least partly fluidizing/fluidized char bed whereby a sec-
ond thermo-chemical reaction can occur in order to in-
crease the synthesis gas output of the system. The oxi-
dant (oxidizing agent) can for example be air, steam or
oxygen while the carbonaceous particulate fuel can for
example be one or more of the following: biomass, bio-
fuel, coal, wood, agricultural residues such as e.g. husk,
digestate, manure, dewatered waste water, barch, straw,
peat, fibre residue.
[0011] Furthermore, the gasification system may be
provided with one or more oxidant inlets at the upper
section which is/are independent from the screw-feeder
and/or oxidant may be injected via the same screw-feed-
er as the carbonaceous solid fuel.
[0012] The gasification chamber is preferably cylindri-
cally shaped and has a cylindrical inner wall/surface en-
closing an internal cavity. Moreover, the inner wall of the
gasification chamber can be at least partly curved, e.g.
by being cylindrically shaped such that a part of said
curved wall forms part of a cylinder. According to at least
one embodiment, a cross section of said gasification
chamber is circular, the cross section being in a plane
perpendicular to a longituindal/vertical axis (z-axis in
case of a cylindrical shape) of the gasification chamber.
The lower section, may have an inner wall/surface with
a tapered cylindrical (i.e. conical) character where a bot-
tom portion has the smallest diameter, however, config-
urations where the gasification chamber has a more uni-
form character are also feasible, i.e. the upper section
and the lower section may be arranged to have the same
diameter. Further, the upper section and the lower sec-
tion of the gasification chamber are preferably portions
of a single vessel or container or at least in fluid connec-
tion with each other.
[0013] The present invention is based on the realiza-
tion that conversion of carbonaceous matter to synthesis
gas (or syngas) occurs step-wise by means of different
thermo-chemical reactions with differing reaction condi-
tions and that such differing reactions can be created in
a single chamber gasification reactor. In particular the
invention is based on the realization that the first release
of volatiles (volatile matter) occurs more rapidly and at a
lower temperature than the following gasification of car-
bon which demands a longer residence time and higher
temperature. By arranging the screw-feeder at a prede-
fined "height" of the gasification chamber, and thereby
configuring the gasification system such that the partic-
ulate carbonaceous fuel can travel downwardly (by
means of gravitational force) through different reaction
zones within the gasification chamber a complete con-
version with high efficiency is achieved.
[0014] Thus, the present inventors realized that by ar-
ranging controlled falling of fine fraction carbonaceous
fuel from a top section to a lower section of a gasification

chamber, a first thermo-chemical reaction (flash pyroly-
sis) of said fuel can be achieved. The gravitational falling
also provides an advantageous condition as it means
that the fuel is dispersed in the hot gas of the gasification.
A high level of such dispersion is achieved by the injecting
of the feedstock into the gasification chamber due to the
usage of a screwfeeder as feeding device. Other injection
means, such as for example pneumatically by the using
a blower means that the feedstock enters with a higher
velocity thereby inhibiting the spread (dispersion) of the
feedstock in the surrounding gas.
[0015] Blower-fed injectors tend to push the feedstock
towards the inner wall of the gasification chamber thereby
inhibiting the desired maximized mixing of the feedstock
with the gas. Such dispersion increases the contact area
between the fuel and the gas which enhances the thermo-
chemical reactivity. Also, screw-feeding, in contrast to
blowing, enables that only a small amount of oxidizing
air is injected in the same injector as the feedstock. In
this way the distribution of oxidant in the gasification
chamber can be controlled as more oxidant can be in-
jected at other locations in the gasification chamber than
directly with the feedstock injection.
[0016] It is desirable to control (and limit) the total
amount of injected oxidant into the gasification chamber
in order to achieve high conversion efficiency. When the
residues of the carbonaceous fuel (mainly char) reach
the bottom portion of the lower section they form a char
bed. By providing additional oxidant directly into this bed,
favourable conditions, i.e. higher temperature and in-
creased residence times, can be achieved thus enabling
the second thermo-chemical reaction (carbon gasifica-
tion). The residence time in the char bed can be relatively
long and controlled by means of the rate of rejecting/re-
moving the remaining char ashes from the bed. The res-
idence time of the carbonaceous fuel during the down-
wardly directed falling (during the first thermo-chemical
reaction) is preferably at least 1 second and more pref-
erably at least 2 seconds, in order to for example ensure
release of volatile matter in the first thermo-chemical re-
action. The residence time of the carbonaceous fuel dur-
ing the downwardly directed falling can for example be
controlled by controlling the position of the screw feeder
at the gasification chamber, injection velocities of fuel or
oxidant, oxidant supply, etc. In other words, the residence
time of the first thermo-chemical reaction can be control-
led by determining the distance between the fuel injector
and the bottom portion of the gasification reactor and by
the injection velocities of feedstock and oxidant.
[0017] The complete gasification system enables in-
creased energy efficiency as compared to prior known
solutions. In particular, unnecessary heating of the vol-
atile gas generated by the flash pyrolysis (first thermo-
chemical reaction) is avoided, thereby minimizing the
combustion of such volatile gas. This would be the case
if the residual char was converted to synthesis gas in the
same section as the first thermo-chemical pyrolysis proc-
ess (upper section in the present context).
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[0018] The pyrolysis process can be said to be a proc-
ess where volatile matter in the carbonaceous particulate
material are released and converted to permanent gases,
pyrolysis-oil and tar. Furthermore the residual char is ef-
ficiently handled and utilized (for forming the hot fluidizing
bed) whereby costs can be reduced since there is no
need to lead off the extremely high temperature residual
char particles, e.g. via the same outlet as the syngas is
extracted, as in more conventional systems. The gasifi-
cation system further has at least one outlet for extracting
the produced syngas, the at least one outlet may for ex-
ample be arranged at a top portion of the gasification
chamber. The top portion is to be understood in the con-
text of the present application as a top-most portion of
the upper section.
[0019] Furthermore, it can be said that the gasification
chamber according to the first aspect of the present in-
vention has two different sections, namely the upper sec-
tion and the lower section. These two sections may, to
some extent, be referred to as a "cold" section and a "hot"
section, respectively, where volatile matters in the car-
bonaceous fuel are gasified in a flash pyrolysis reaction
in the upper section (cold), and char is gasified in a carbon
gasification reaction the lower section (hot). Moreover,
by having the hot section disposed below the cold section
the system is made more energy efficient since the lower
section helps to maintain a desired temperature at the
upper section. The gasification system is configured to
maintain the residual char within the gasification chamber
after the first thermo-chemical reaction in order to form
a char bed at the lower section with the residual char.
Thus, the residual char is kept from exiting the same out-
let as the generated/produced synthesis gas by control-
ling the injection parameters of the injected fuel and/or
the oxidant at the bottom gas-inlet. This diminishes the
need for handling the often extremely hot residual char
in any piping connected to the one or more outlets which
reduces the cost of the gasification system.
[0020] Further, the present invention relies on gasifi-
cation with very limited combustion of the carbonaceous
particulate fuel, as opposed to many known prior solu-
tions, where complete combustion is included in at least
one process step. Thereby, i.e. by having a low level of
combustion of the carbonaceous fuel in a gasification
process, the cold gas efficiency can be increased. Ac-
cording to an embodiment, the particulate fuel comprises
particles with a particle size of less than 3 mm and a
moisture ratio of not more than 30 wt%. For example, 80
% or more of the particulate fuel comprises particles with
a particle size of less than 3 mm and a moisture ratio of
not more than 30 wt%. According to another embodi-
ment, additional substance besides oxidant and particu-
late fuel, such as e.g. catalysts or inert substance or e.g.
sand or carbon dioxide, are injected into the upper section
via the at least one fuel inlet or a secondary inlet.
[0021] Even further, in accordance with an embodi-
ment of the present invention, the oxidant injection
through said at least one gas-inlet is arranged such that

an injection velocity of said injected oxidant into said char
bed is controlled such that a fluidization of said char bed
does not disrupt a balance between the downwardly di-
rected falling of residual char from said upper section and
upwardly directed flow of gas (within the gasification
chamber).
[0022] It is to be understood that the terminology "dis-
rupt a balance between the downwardly and upwardly
directed flows" is to be interpreted as, that the oxidant
injection through the gas inlet at the bottom is used to
control the flow balance (within the chamber) such that
no residual char (which is traveling down by gravitational
force within the gasification chamber towards the lower
section) is pushed upwards by the upwardly directed flow
of gas which is affected by the injected oxidant at the
bottom portion.
[0023] In more detail, by controlling the injection veloc-
ity of the oxidant injection at the bottom portion such that
the upwardly directed gas velocity in the gasification
chamber is kept within e.g. an interval of 0.1 to 2.0 m/s,
the risk of disrupting/destroying the (fluidized) char bed,
and consequently being forced to handle the residual
char together with the generated and extracted synthesis
gas, is reduced. This also enables the injection of light
weight carbonaceous particulate fuel, while still being
able to form a (fluidizing/fluidized) char bed at the bottom
from the residual char generated in the thermo-chemical
process.
[0024] The term "gas velocity" is in reference to the
gas traveling within the chamber, and not to the injection
velocity of the oxidant, as the injection velocity is most
often higher and depends on various structural details
such as e.g. size and shape of the gas inlet(s) which can
be varied depending on desired specifications or appli-
cations.
[0025] The gas velocity is at least partly set or limited
based on the dimensions and general structure of the
gasification chamber and can be regulated by the injec-
tion velocity. In other words, the gas injection velocity is
controlled in order to keep the upwardly and downwardly
directed flows in balance such that the bed material (re-
sidual char) of the fluidizing char bed isn’t scattered up-
wards within the chamber. Hereby the residual char, gen-
erated from the thermo-chemical gasification/pyrolysis
process in the upper section of the gasification chamber,
is allowed to travel downwards toward the lower section
and to form the (fluidized) char bed.
[0026] In an embodiment of the invention, the oxidant
injection through said at least one gas-inlet is arranged
such that a supply of oxidant into the char bed is in the
range of 40-80% of a total oxidant supply into the gasifi-
cation chamber. The screw-feeder may, in some embod-
iments, be configured to inject carbonaceous fuel with
an injection velocity being less than 5 m/s.
[0027] Further, in accordance with yet another embod-
iment the upper section of the gasification chamber has
a curved inner surface, and wherein the solid particulate
carbonaceous fuel and the oxidant are (concurrently) in-
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jected into the upper section and dispersed in the gasi-
fication chamber such that a entrained flow of the syn-
thesis gas is formed and whereby residual char is sepa-
rated and allowed to travel from the upper section down
towards the lower section in order to form the char bed.
In more detail, in this embodiment, the gasification reac-
tions occurs in a dense cloud of fuel particles that is fed
into the gasification chamber where it forms a plume fall-
ing down towards the bottom portion of the lower section
of the chamber. A plume may in the present context be
understood as an elongated cloud of gas or vapour re-
sembling a feather as it spreads from its point of origin.
These types of gasification chambers are often referred
to as entrained flow reactors or entrained flow gasifiers.
The term "entrained flow" is in reference to a concurrent
injection (or feeding) of the carbonaceous fuel particles
and the oxidant, where the oxidant flow can for example
act as a carry for the fuel particles. Moreover, an en-
trained flow gasifier is specifically suitable for use with
pulverized fuel, whereby oxidant being injected together
with the fuel is consumed in the first thermo-chemical
reaction.
[0028] Further, in accordance with yet another embod-
iment of the present invention, the screw-feeder is pro-
truding into the gasification chamber so that the fuel is
evenly distributed as a plume in the gasification chamber.
The screw-feeder is arranged to protrude into the gasifi-
cation chamber in order to more evenly spread the (par-
ticulate) carbonaceous fuel and utilize the volume of the
gasification chamber in a more efficient manner. This fur-
ther increases the contact area between the carbona-
ceous fuel particles and the gas which enhances the ther-
mo-chemical reactivity. The screw-feeder may for exam-
ple be arranged to protrude into the gasification chamber
by at least 30% of the distance from a sidewall to a central
vertical axis, in other words, by at least 30% of the radius
of the gasification chamber (if approximated as a cylin-
der).
[0029] According to yet another embodiment of the
present invention the gasification chamber further com-
prises one or more temperature control inlets arranged
through a side-wall of said gasification chamber. The
temperature control inlet(s) is/are configured to inject ox-
idant into the gasification chamber whereby a process
temperature within said gasification chamber is control-
led.
[0030] This provides for an efficient and simple means
for controlling the process temperature at various sec-
tions or stages of the gasification chamber, for example
in order to maintain the temperature gradient (decreasing
upwards) from the char bed at the lower section to the
upper section. The injected gas can for example be air,
steam or oxygen. The one or more temperature inlets
can be spatially separated and distributed along a (ver-
tical) length of the gasification chamber, i.e. being serially
arranged in a side-wall of the gasification chamber from
a top to a bottom of the gasification chamber. For exam-
ple, the gasification chamber may comprise a tempera-

ture control inlet arranged at the upper section, a tem-
perature control inlet at the lower section and a temper-
ature control inlet at a mid section (between the upper
section and the lower section). The temperature control
inlets are preferably individually controllable in terms of
injection rates for the injected gas.
[0031] The temperature control inlets may for example
be configured to maintain a temperature at the upper
section of the gasification chamber in the range of 800°C
to 1100°C, and to maintain a temperature of the (at least
partly fluidized) char bed at the lower section in the range
of 1200°C to 1500°C, in order to ensure that the first
thermo-chemical reaction is a flash pyrolysis reaction and
the second thermo-chemical reaction is a carbon gasifi-
cation reaction.
[0032] Moreover, in yet another embodiment the fuel
is pre-heated by a preheating arrangement whereby the
needed residence time of the particulate carbonaceous
fuel within the gasification chamber can be reduced.
[0033] Further, preheating may be accomplished by
using the fuel inlet, to inject a fuel together with an oxidant
in order to provide for an exothermic reaction between
the fuel and the oxidant. This exothermic reaction will
thus pre-heat the fuel before the injecting into the gasifi-
cation chamber. An optional alternative for pre-heating
is to pre-heat the particulate carbonaceous fuel and the
oxidant in the screw-feeder, i.e. before it is injected into
the upper section via the fuel-inlet.
[0034] Even further, in yet another embodiment of the
present invention, the gasification system further com-
prises a perforated grate located at said bottom portion,
in order to facilitate extraction of residual ashes.
[0035] According to another aspect of the present in-
vention, there is provided a method for gasifying carbon-
aceous material, where the method comprises:

providing a gasification chamber having an upper
section, a lower section and a screw-feeder arranged
at a predefined distance from the bottom portion, the
predefined distance being at least 30% of a vertical
extension of the gasification chamber;
injecting, by means of the screw-feeder, a carbona-
ceous solid fuel being less than 10 mm in diameter
(and oxidant in some embodiments) into the upper
section of the gasification chamber whereby synthe-
sis gas and residual char is generated in a first ther-
mo-chemical reaction occurring during a downward-
ly directed falling of the carbonaceous fuel towards
a bottom portion of the lower section;
forming a char bed in the bottom portion of the lower
section from the residual char being generated in the
first thermo-chemical reaction;
injecting oxidant into said char bed via at least one
gas inlet at the bottom portion in order to enable a
second thermo-chemical reaction whereby the re-
sidual char is converted to synthesis gas, wherein
at least one injection parameter of the oxidant via
the at least one gas inlet is controlled such that a
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residence time of the downward falling carbona-
ceous solid fuel is at least 1 second.

[0036] With this aspect of the invention, similar advan-
tages and preferred features are present as in the previ-
ously discussed first aspect of the invention, and vice
versa.
[0037] The injection paramters of the oxidant via the
one or more gas inlets may for example be injection ve-
locity and/or an injection amount/supply in reference to
the total oxidant supply into the gasification chamber. For
example, the supply of oxidant via the at least one gas
inlet into the char bed may be in the range of 40 - 80 %
of a total oxidant supply into the gasification chamber or
the injection velocity may be controlled such that an up-
wardly directed gas velocity within the gasification cham-
ber is in the range of 0.1 - 2.0 m/s.
[0038] Furthermore, in accordance with an embodi-
ment of the invention, the method further comprises:

maintaining a temperature at the upper section of
the gasification chamber in the range of 800°C to
1100°C; and
maintaining a temperature of the char bed at the low-
er section of the gasification chamber in the range
of 1200°C to 1500°C.

[0039] In other words, the gasification chamber will
have two zones or section with different temperatures,
whereby an efficient gasification method with increased
energy output can be achieved. The temperature in the
upper section may for example over 900°C, and the tem-
perature in the lower section and more specifically in the
char bed may be over 1300°C. By controlling/maintaining
the temperatures accordingly the gasification system can
be configured such that the first thermo-chemical reac-
tion is a flash pyrolysis reaction and the second thermo-
chemical reaction is a carbon gasification reaction.
[0040] These and other features and advantages of
the present invention will in the following be further clar-
ified with reference to the embodiments described here-
inafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] For exemplifying purposes, the invention will be
described in closer detail in the following with reference
to embodiments thereof illustrated in the attached draw-
ings, wherein:

Fig. 1 is a schematic illustration of a gasification sys-
tem in accordance with an embodiment of the
present invention;
Fig. 2 illustrates a cross-sectional view of a gasifica-
tion system in accordance with an embodiment of
the invention;
Fig. 3 is a schematic flow chart illustration a method
for gasifying carbonaceous material in accordance

with an embodiment of the present invention.

DETAILED DESCRIPTION

[0042] In the following detailed description, preferred
embodiments of the present invention will be described.
However, it is to be understood that features of the dif-
ferent embodiments are exchangeable between the em-
bodiments and may be combined in different ways, un-
less anything else is specifically indicated. Even though
in the following description, numerous specific details are
set forth to provide a more thorough understanding of
the present invention, it will be apparent to one skilled in
the art that the present invention may be practiced without
these specific details. In other instances, well known con-
structions or functions are not described in detail, so as
not to obscure the present invention.
[0043] In Fig. 1 a schematic illustration of a gasification
system 1 is provided. The gasification system includes
a gasification chamber 2, shown in a cross-sectional view
where the cross-section is taken in a vertical plane in-
cluding a longitudinal vertical axis 101. Furthermore, the
gasification chamber 2 has an inner and an outer wall,
and the chamber may for example be made of a ceramic
material.
[0044] The gasification chamber 2 has an upper sec-
tion 3 and a lower section 4 and a screw-feeder or screw-
feeding device 8. The screw feeding device is arranged
to inject and disperse a carbonaceous solid fuel with a
particle size of less than 10 mm into the upper section 3
whereby synthesis gas and residual char is generated
by a first thermo-chemical reaction occurring during a
downwardly directed falling of the particulate carbona-
ceous fuel towards a bottom portion of said lower section
3. The first thermo-chemical reaction is preferably a flash
pyrolysis reaction. Also, the injection velocity of the car-
bonaceous fuel is preferably less than 5 m/s.
[0045] The screw-feeder 8 may also be configured to
inject oxidant into the gasification chamber 2, however,
oxidant may be injected into the gasification chamber via
one or more separate oxidant inlets. Moreover, the
screw-feeder 8 can include a preheating arrangement
(not shown) in order to preheat the carbonaceous fuel
before it is injected into the gasification chamber 2. The
preheating arrangement can for example include a fluid
channel extending through the screw-feeder 8, and
where a hot gas is allowed to flow through the fluid chan-
nel so that the particulate carbonaceous fuel is preheated
while it is travels helically through the screw-feeder 8.
[0046] Further, the gasification system 1 has a char
bed 12 disposed in the lower section 4. The char bed 12
is formed by residual char generated in the first thermo-
chemical reaction, which travels downwards due to grav-
itational force towards the bottom portion 5. The bottom
portion 5 can for example be said to be defined by a
bottom surface upon which the residual char generated
by the first thermo-chemical reaction is collected. More-
over, there is at least one gas inlet 17 at the bottom portion
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5 through which oxidant can be injected into the char bed
12 in order to create a second thermo-chemical reaction
whereby synthesis gas is generated from the residual
char. The second thermo-chemical reaction is preferably
a carbon gasification reaction. Thus, synthesis gas is
generated by two different thermo-chemical reactions at
different sections of the gasification chamber 2, which
increases the overall output of synthesis gas and thereby
the efficiency of the gasification system 1. The two sec-
tions 3, 4 are preferably part of one single vessel or con-
tainer and consequently the two thermo-chemical reac-
tions occur within the same vessel or container.
[0047] The bottom portion 5 further includes a perfo-
rated grate 15 on top which supports the char bed 12,
and which is used to extract residual ashes. In other
words, there gasification chamber 2 comprises an outlet
at the bottom portion through which residual ash particles
may exit the gasification chamber. The outlet is at least
partly blocked by the perforated grate 15 in order to sup-
port the formation of the char bed 12, however, the per-
forated grate 15 may for example be movable (by an
operator or an actuator) in order to extract any residual
ash particles collected at the bottom of the char bed 12.
[0048] Even further, the screw-feeder is arranged at a
predefined distance 23 from the bottom portion 5, the
predefined distance 23 being at least 30% of a vertical
extension of the gasification chamber. Hereby the dis-
persed carbonaceous particles have a long enough res-
idence time in order to travel through different reaction
zones within the gasification chamber 2, whereby a com-
plete conversion of the carbonaceous fuel to synthesis
gas can be achieved. In other words, the gasification sys-
tem allows for controlled falling of fine fraction carbona-
ceous fuel from the upper section 3 to the lower section
4 of the gasification chamber 2, so that a first thermo-
chemical reaction (flash pyrolysis) of the fuel can be
achieved. The gravitational falling also provides an ad-
vantageous condition as it means that the fuel is dis-
persed in the hot gas of the gasification. Such dispersion
increases the contact area between the fuel and the gas
which enhances the thermo-chemical reactivity. The res-
idence time of the carbonaceous fuel during the down-
wardly directed falling (i.e. before it is converted to syn-
thesis gas and residual char or reaches the char bed) is
preferably at least one second and more preferably at
least two seconds.
[0049] Yet further, one or more injection parameters
of the oxidant injection into the char bed 12 can be con-
trolled so that a fluidization of the char bed 12 does not
disrupt a balance between the downwardly directed fall-
ing of residual char from the upper section and upwardly
directed flow of the injected oxidant. In more detail this
can be construed as the injection of oxidant is controlled
so that it does negatively affect the falling residual char
(and possibly even the particulate carbonaceous fuel)
and consequently inhibiting the desired "falling" through
the different reaction zones. The injection parameters
may for example be injection velocity, injection angle or

the amount of injected oxidant in reference to the total
oxidant supply into the gasification chamber. In an ex-
ample embodiment the oxidant injection through the at
least one gas-inlet 17 is arranged such that an upward
gas velocity in the gasification chamber is in the range
of 0.1 m/s to 2.0 m/s.
[0050] Moreover, the gasification chamber 2 may be
arranged with a set of temperature control inlets 24. The
temperature control inlets/oxidant inlets 24 are preferably
spatially separated and distributed along a length (elon-
gated axis 101) of the gasification chamber 2. A set in
the present context can be one or more. The temperature
control inlets 24 are configured to inject gas (such as e.g.
air, steam or oxygen.) into the gasification chamber in
order to control the temperature within the gasification
chamber 2 at various sections. By having a plurality of
temperature control inlets 24 a temperature gradient can
be formed within the gasification chamber 2, for example
going from a highest temperature in the lower section 4
to a lowest temperature in the upper section 3. The oxi-
dant injection into the gasification chamber 2 is preferably
arranged such that a predefined temperature in the range
of 800°C to 1100°C is maintained at the upper section 3,
and a predefined temperature in the range of 1200°C to
1500°C is maintained at the lower section 4. This will aid
to ensure an optimized path through different reaction
zones for the carbonaceous fuel.
[0051] The oxidant injection through the one or more
gas-inlets 17 may be arranged so that a supply of oxidant
into the char bed is in the range of 40-80% of a total
oxidant supply into the gasification chamber. In other
words, the ratio of oxidant injected via the one or more
gas-inlets 17 at the bottom portion in refrence to the total
oxidant injection (via e.g. the screw-feeder 8 and the tem-
perature control inlets 24) is kept at 40-80% in order to
ensure favourable conditions in terms of process tem-
peratures different sections of the gasification chamber
2, fluidization of the char bed 12, residence time for the
downwardly falling carbonacous fuel, etc.
[0052] Fig. 2 illustrates a cross-sectional top-view view
of the gasification chamber 2 from Fig. 1, taken along
line A-A’. The illustration shows an arrangement where
the screw feeder 8 is protruding into the gasification
chamber by a predefined distance P. The predefined dis-
tance P is preferably at least 30% of the radius d of the
gasification chamber. In other words, the tip of the screw-
feeder extends towards a central vertical axis (101 in Fig.
1) of the gasification chamber. By arranging the screw-
feeder 8 as such, the particulate carbonaceous fuel 19
can be evenly spread within the gasification chamber,
utilizing a higher ratio of the available volume and thereby
increasing the efficiency. In more detail, the dispersion
increases the contact area between the fuel and the gas
(oxidant) which enhances the thermo-chemical reactivi-
ty.
[0053] Fig. 3 illustrates a schematic flow chart describ-
ing a method 300 for gasifying carbonaceous material in
accordance with an embodiment of the present invention.
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The method 300 comprises a step of providing 301 a
gasification chamber having an upper section, a lower
section and a screw-feeder arranged at a predefined dis-
tance (23 in Fig. 1) from the bottom portion. The prede-
fined distance is at least 30% of a vertical extension of
the gasification chamber.
[0054] Next, a carbonaceous solid fuel being less than
10 mm in diameter is injected 302 by means of the screw-
feeder, into said upper section of the gasification cham-
ber. Hereby, synthesis gas and residual char is generat-
ed in a first thermo-chemical reaction occurring during a
downwardly directed falling of the carbonaceous fuel to-
wards a bottom portion of the lower section. The step of
injecting 302 the carbonaceous solid fuel may in some
embodiments also include injecting oxidant into the gas-
ification chamber (separately or concurrently). Next, the
method 300 includes a step of forming 303 a char bed in
the bottom portion of said lower section from the residual
char being generated in said first thermo-chemical reac-
tion.
[0055] Yet further, oxidant is injected 304 into the char
bed via the one or more gas inlets at the bottom portion.
This enables enable a second thermo-chemical reaction
whereby said residual char is converted to synthesis gas.
Moreover, at least one injection parameters is controlled
such that a residence time of the downward falling car-
bonaceous solid fuel is at least 1 second, more preferably
at least 2 seconds. The injection parameters may for ex-
ample be injection velocity, injection angle, amount of
injected oxidant in reference to the total oxidant supply
into the gasification chamber, etc.
[0056] The method may further comprise maintaining
a temperature within the gasification chamber at the up-
per section in the range of 800°C -1100°C, preferably in
the range of 850°C - 1000°C and more preferably in the
range of 900°C - 950°C. Moreover, the method can also
comprise a step of maintaining a temperature of the char
bed at the lower section of the gasification chamber in
the range of 1200°C - 1500°C preferably in the range of
1250°C - 1400°C and more preferably in the range of
1300°C - 1350°C. The temperature within the different
sections or portions of the gasification chamber can for
example be maintained (or controlled) by injection of ox-
idant into the gasification chamber via a set of tempera-
ture control inlets and/or the one or more gas inlets at
the bottom portion.
[0057] The invention has now been described with ref-
erence to specific embodiments. However, several var-
iations of the gasification system are feasible. For exam-
ple, injections velocities may be varied within the intervals
given in order to suit specific applications and carbona-
ceous fuel-types, as already exemplified. Such and other
obvious modifications must be considered to be within
the scope of the present invention, as it is defined by the
appended claims. It should be noted that the above-men-
tioned embodiments illustrate rather than limit the inven-
tion, and that those skilled in the art will be able to design
many alternative embodiments without departing from

the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not
be construed as limiting to the claim. The word "compris-
ing" does not exclude the presence of other elements or
steps than those listed in the claim. The word "a" or "an"
preceding an element does not exclude the presence of
a plurality of such elements.

Claims

1. A gasification system comprising:

a gasification chamber having an upper section
and a lower section;
at least one screw-feeder for injecting and dis-
persing a carbonaceous solid fuel with a particle
size of less than 10 mm into said upper section
whereby synthesis gas and residual char is gen-
erated by a first thermo-chemical reaction oc-
curring during a downwardly directed falling of
said carbonaceous fuel towards a bottom por-
tion of said lower section;
a char bed disposed in said lower section, said
char bed being formed by residual char gener-
ated in said first thermo-chemical reaction;
at least one gas-inlet at a bottom portion of said
lower section for injecting oxidant into said char
bed whereby synthesis gas is generated by a
second thermo-chemical reaction from said re-
sidual char;
wherein said at least one screw-feeder is ar-
ranged at a predefined distance from the bottom
portion, wherein said predefined distance is at
least 30% of a vertical extension of the gasifica-
tion chamber.

2. The gasification system according to claim 1, where-
in the oxidant injection through said at least one gas-
inlet is arranged such that an injection velocity of
said injected oxidant into said char bed is controlled
such that a fluidization of said char bed does not
disrupt a balance between the downwardly directed
falling of residual char from said upper section and
upwardly directed flow of gas.

3. The gasification system according to claim 1 or 2,
wherein said gasification system is configured such
that said first thermo-chemical reaction is a flash py-
rolysis reaction and said second thermo-chemical
reaction is a carbon gasification reaction.

4. The gasification system according to any one of the
claims 1-3, wherein the oxidant injection through said
at least one gas-inlet is arranged such that a supply
of oxidant into the char bed is in the range of 40-80%
of a total oxidant supply into the gasification cham-
ber.
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5. The gasification system according to any one of
claims 1-4,
wherein said screw-feeder is protruding into the gas-
ification chamber so that the fuel is evenly distributed
as a plume in the gasification chamber.

6. The gasification system according to any one of
claims 1-5,
wherein said screw-feeder injects the carbonaceous
fuel with an injection velocity being less than 5 m/s.

7. The gasification system according to any one of
claims 1-6,
wherein said gasification chamber further comprises
at least one temperature control inlet arranged
through a side-wall of said gasification chamber,
wherein said temperature control inlet is configured
to inject oxidant into the gasification chamber where-
by a process temperature within said gasification
chamber is controlled.

8. The gasification system according to any one of
claims 1-7,
wherein the gasification chamber is provided with a
preheating arrangement which is preheating said fu-
el before it is injected, via said screw-feeder, into the
gasification chamber.

9. The gasification system according to any one of the
claims 1-8,
wherein the residence time of the fuel during said
downward falling is at least 1 second.

10. The gasification system according to any one of the
claims 1-9, further comprising a perforated grate lo-
cated at said bottom portion, in order to extract re-
sidual ashes.

11. A method for gasifying carbonaceous material com-
prising:

providing a gasification chamber having an up-
per section, a lower section and a screw-feeder
arranged at a predefined distance from the bot-
tom portion, said predefined distance being at
least 30% of a vertical extension of the gasifica-
tion chamber;
injecting, by means of said screw-feeder, a car-
bonaceous solid fuel being less than 10 mm in
diameter into said upper section of the gasifica-
tion chamber whereby synthesis gas and resid-
ual char is generated in a first thermo-chemical
reaction occurring during a downwardly directed
falling of the carbonaceous fuel towards a bot-
tom portion of said lower section;
forming a char bed in the bottom portion of said
lower section from the residual char being gen-
erated in said first thermo-chemical reaction;

injecting oxidant into said char bed via at least
one gas inlet at said bottom portion in order to
enable a second thermo-chemical reaction
whereby said residual char is converted to syn-
thesis gas, wherein at least one injection param-
eter of said oxidant via said at least one gas inlet
is controlled such that a residence time of said
downward falling carbonaceous solid fuel is at
least 1 second.

12. The method according to claim 10, further compris-
ing:

maintaining a temperature at said upper section
of the gasification chamber in the range of 800°C
to 1100°C; and
maintaining a temperature of said char bed at
said lower section of the gasification chamber
in the range of 1200°C to 1500°C.
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