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Description
BACKGROUND
1. Field of the Invention

[0001] The invention relates to a method and a device
to produce a product gas with a low tar and dust content
from a fuel, e.g. solid biomass, biogenic residues and/or
organic waste.

2. State-of-the-Art

[0002] Pyrolysis and gasification can convert carbon-
containing materials into useful chemical products.
These products typically involve product gas, which
can be combusted for the production of heat and elec-
tricity or can undergo further chemical reactions. For
instance, the product gas can be used as a fuel or as
an intermediate in creating synthetic natural gas (SNG)
or for the production of methanol, hydrogen, waxes,
synthetic hydrocarbon fuels or oil products, or as a feed-
stock for other chemical processes.

[0003] Coal, waste orbiomass based fuels are typically
used as input materials for the production of product gas
based on gasification or pyrolysis. In biomass gasifica-
tion or pyrolysis processes or methods, wood, forest
residues or energy crops, but also agricultural waste
and biogenic residues such as straw or husks and or-
ganic waste fractions are used, for example.

[0004] Several types of gasification and pyrolysis
methods and apparatuses have been developed to
achieve efficient conversion of biomass into clean gas-
eous products. Many of the gasification processes known
in the art have failed due to insufficient attention to
efficient tar destruction / conversion in the product gas
produced.

Gasification reactors

[0005] Regarding gasification, an initial fuel is typically
convertedin a fixed-bed, moving-bed orin afluidised-bed
reactor. Fixed or moving-bed reactors are typically di-
vided into the following categories: downdraft (fuel and
gas move downwards) and updraft (fuel moves down-
wards and gas flows upwards) reactors.

[0006] Both downdraft and updraft systems can be
coupled with a fixed grate or a moving grate where the
fuel moves vertically, diagonally or step by step down-
wards.

[0007] Downdraft gasifiers are typically operated at a
stoichiometric air ratio of 0.2 to 0.35, updraft gasifiers
typically at an air ratio of 0.18 to 0.3. As gasification agent
air, oxygen, steam or mixtures of these gases are used.
Typical gasification temperatures in fixed-bed biomass
gasification units are in the range of 800 - 1,100°C.
Generally, these gasifier-types are used in small-scale
energy production (< 10-20 MW fuel power input related
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to the net calorific value of the fuel).

[0008] Fluidised-bed reactors can typically be divided
into bubbling fluidised-bed, circulating fluidised-bed or
entrained flow reactors. In fluidised-bed reactors the fuel
is mixed with the bed material and in entrained flow
gasifiers the fuel is converted in suspension. Therefore,
the product gas contains high amounts of dustand ashes,
which have to be separated from the gas before further
processing. Furthermore, dust and ashes can cause
depositions on walls or heat exchanger tubes and block-
age of pipes and valves. Fluidised-bed reactors are
typically applied for medium-scale and large-scale sys-
tems (above 20 MW fuel power), entrained flow reactors
typically only for large-scale systems (above 50 MW fuel
power).

[0009] Existing downdraft biomass gasifiers require
high quality wood fuels with clearly defined particle sizes
and moisture contents and usually cannot be scaled up to
economically attractive scales without severely in-
creased tar production. Multi-stage downdraft gasifiers,
which comprise separate zones for fuel pyrolysis, partial
oxidation, and reduction of product gas, have also been
developed. However, such gasifiers also show high dust
concentrations in the product gas and are technologically
complex.

[0010] For instance, prior art document CZ 295171
discloses a continuous multi-stage vertically sequenced
gasification process or method for conversion of solid
carbonaceous fuel material into product gas in a gasifier
comprising a pyrolysis zone, a partial oxidation zone
located vertically downstream of the pyrolysis zone, a
reduction zone located vertically downstream of the par-
tial oxidation zone and comprising a downwardly angled
perforated floor and a deflector located in the centre of the
floor. The gasifier is configured such that the gases
released from the drying and the pyrolysis zone can be
exhausted and introduced through a bypass into the
combined reduction and combustion zone for additional
heat-up in order to reduce tars. This gasifier is structurally
complicated and difficult to control.

[0011] WO 2017/102945 discloses a system compris-
ing a downdraft fixed-bed gasification reactor for the
production of product gas and a quench chamber for
receiving the product gas from the reactor. A product
gas outlet of the reactor is fluidly connected with the
quench chamber via a tubular dip tube. The resulting
product gas is almost free of tars but typically has to be
heated up again for further processing. Furthermore, the
quench water has to be extensively cleaned.

[0012] Updraft gasifiers are usually used for the pro-
duction of heat as it is described in WO 2010 022 741 A2.
The product gases released from the moving bed updraft
gasifier are burnt in a gas combustion chamber which is
coupled to the gasifier. The hot flue gas can be used for
several purposes, e.g. for production of steam, hot water
or hot oils. "The Heuristic Envirocycler, a Solid Waste
Disposal Energy Recovery Device for the 1990’s, Lefcort
M.D.; In: Bridgwater A.V. (eds) Advances in Thermoche-
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mical Biomass Conversion, Springer Science + Business
Media Dordrecht" discloses a combustion technology
consisting of an updraft gasifier which is directly coupled
to a gas combustion chamber where the product gas
released from the gasifier is burnt. The hot flue gases are
cooled in awater boiler located downstream the combus-
tion chamber for heat production.

[0013] FI1100033Bdiscloses asystem, which consists
of an updraft fixed-bed gasifier where the primary air is
supplied under lean air conditions from below the grate
acting as gasification air and the fuel is supplied laterally
to the top section of the fuel bed which is formed on the
inclined grate. A part of the combustion air (secondary
air) is supplied directly above the fuel bed, initiates the
combustion of the gas and the resulting radiation is partly
transferred to the top layer of the fuel bed. The remaining
combustion air (tertiary air) is supplied into the gas com-
bustion chamber, which is directly coupled to the gasifier
and where the product gas undergoes complete combus-
tion.

[0014] Inthe past updraft gasifiers have been used for
automotive engines. Lately, updraft gasifiers are also
used for the production of electricity as it is described
in WO 2008 004 070 A1. This patent comprises an up-
draft fixed-bed gasifier and a gas engine driving an
electrical generator for producing electrical power. The
gas engine is being driven by the product gas produced
by the gasifier. Before entering the gas engine, the pro-
duct gas is cooled and has to be extensively cleaned.
[0015] Updraft gasifiers show a simple feeding and
transporting mechanism, both into the reactor and out
of the reactor. The fuel is fed from above and the ashes
are discharged at the lower end of the gasification re-
actor. It is well known that updraft gasifiers convert the
fuel very well and that the ashes usually show a good
burnout quality (carbon content < 5 wt.% d.b. (i.e. weight
percent)). Updraft gasification technology is known as a
simple, fuel flexible and robust technology. However, the
updraft gasification technology has some disadvantages
such as:

- The product gas has a high content of tars and other
unburned hydrocarbons, which are difficult to clean
when product gas production is the aim of the gasi-
fication process

- Scaling-upis typically limited to about 20 MW in order
to ensure good mixing conditions in the gasification
reactor and due to mechanical constraints

[0016] Nevertheless, it is well known that the product
gas of an updraft gasifier shows significantly lower con-
tents of particles compared to downdraft gasifiers or
fluidised-bed or entrained flow gasifiers due to the low
gas velocities at bed exit and the "filtering effects" of the
bed which is of great advantage in terms of fouling and
particle depositions in all units downstream the gasifica-
tion reactor.
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[0017] "Tars are the Achilles heel of gasifiers, and
many gasifier projects have failed because of insufficient
attention to low tar production or efficient tar destruction”.
"Several different classifications of tar have been estab-
lished. These classifications are related to temperatures.
Classification has been developed as follows: "primary
tars" are vapours produced at lower temperatures and
are the first evolved in thermal depolymerization of cel-
lulose, hemicellulose, and lignin these are mainly oxyge-
nated compounds. Next, the secondary and tertiary re-
action products of primary tars are termed "secondary
tar" and "tertiary tar". Tertiary tars were sub-classified as
tertiaryalkyl and tertiary-polynuclear aromatic hydrocar-
bons (PAH). It is hypothesized that once tertiary tars are
formed these may require even higher temperatures and
additional residence time for thermal decomposition "-
Tom B. Reed (T. Milne 1998)

[0018] Furthermore, tars can be removed from the gas
by e.g. a wet scrubber or a wet ESP, but as tars from
updraft gasifiers contain energy a removal of tars results
in efficiency losses.

[0019] Also, tars can be removed by indirectly heated
thermal cracking. This method has been discussed in the
open literature to reduce tars in raw product gas. "In the
absence of char, a temperature of 900° C is insufficient to
achieve efficient tar destruction. It is a common hypoth-
esis that a minimum temperature of 1,000° C is neces-
sary to achieve an almost complete conversion of the
tars"- (Hauben, M. P. Analysis of tar removal in a partial
oxidation burner. PhD thesis; Technical University Eind-
hoven (Netherlands), 2004, (Morf P.O, Secondary reac-
tions of Tar during Thermochemical Biomass Conver-
sion. PhD thesis; ETH Zirich (Switzerland), 2001.). Con-
cluding, thermal cracking seems not to be a promising
approach due to the high required reaction temperatures,
and thus, the energy efficiency is low.

[0020] Also, partial oxidation has been explored as an
alternative method for achieving tar destruction. DE 60
033 782 T2 discloses a system, which consists of an
updraft fixed layer gasifier which is connected to a crack-
ing module via a product gas pipeline. Secondary air is
supplied directly above the fuel bed and the cracking
organ may be a catalytic or a thermal cracking organ,
which may in addition be based on a tertiary air feed.
According to this prior art document, the gasification
reactor and the partial oxidation unit are separated by
the product gas pipeline, which may be adrawback due to
possible blockage of the pipe due to tar condensation.
[0021] CA 2 521 982 A discloses a process / method
and apparatus for converting coal into a substitute natural
gas generating raw gas in a conventional fixed-bed coal
gasification unit and passing at least a portion of the raw
gasinto a partial oxidation unitto convert atleast a portion
of the raw gas into a secondary raw synthesis gas sub-
stantially to avoid higher hydrocarbons in the gas. Op-
tionally, the raw gas is quenched and only the resulting
condensate is passed to the partial oxidation unit for
conversion to a secondary raw synthesis gas.
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[0022] CN 102 911 739 A discloses a system which
consists of an updraft fixed-bed gasifier, which is con-
nected to a partial oxidation unit via a product gas pipe-
line. The method mainly comprises a fixed-bed gasifica-
tion reactor covered with an insulation made of refractory
bricks and a water-cooled jacket and a non-catalytic
partial oxidation reactor, which is separated from the
gasifier by the product gas pipeline. The gas pipeline
may be prone to blocking due to tar condensation.
[0023] D1 (EP1129154), D2 (W0O2018210393), and
D3 (CN109679695) disclose gasification reactors or pro-
cesses involving fuel feed systems, gasifying agent in-
puts, and mechanisms for tar reduction, which are similar
to the reactors and methods claimed.

Pyrolysis reactors for biochar production

[0024] Pyrolysis reactors for biochar production are
typically fixed-bed or moving-bed systems where bio-
mass undergoes a thermal treatment without addition
of any oxidising medium (stoichiometric air ratio zero or
close to zero) and where a rather slow heat-up of the
biomass occurs. Typical pyrolysis temperatures (tem-
perature of the biomass / charcoal bed) to produce bio-
char are in the range of 350 to 600°C and the residence
time of the biomass in such reactors typically ranges from
0.5 to 3 h. Pyrolysis reactors can be batch reactors or
continuously operating reactors. The products of such
reactors are biochar and a pyrolysis gas (product gas).
The biochar amounts to typically 20 - 35 wt. % of the dry
biomass input, the restis pyrolysis gas. The pyrolysis gas
contains very high tar concentrations and can be used for
combustion in special pyrolysis gas burners and may
thereby cover the heat demand for the pyrolysis process
and may also be used for biomass drying prior to pyr-
olysis.

[0025] Wood charring in piles has been applied since
ancient times. With this outdated process, biochar mass
yields of only 20-25 wt. % of the dry input can be gained.
As the product gas is released to the ambient, emissions
are extremely high.

[0026] DD 238 162 A1 discloses a continuously work-
ing method for the production of charcoal where the feed
material is supplied from above in a shaft furnace with a
rotating grate and oxygen lean process gas derived from
an external combustion chamber is supplied at the bot-
tom of the furnace for energy supply. The charcoal leaves
the furnace on its bottom and the product gases onits top.
The so-called Schottdorf-Meiler represents an industrial
application based on this basic principle. Biomass is
supplied from above to a cylindrical reactor and is dried
and pyrolysed on the way downwards. Partial burning of
the biochar in a zone in the lower area of the reactor
provides the process heat. An energetic utilization of the
product gas leaving from the top of the reactor is not
implemented.

[0027] DE 2953663 A1 discloses a continuously work-
ing method for the production of charcoal from wood,
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where wood is fed from above in a reactor and then
passes through a drying and a pyrolysis zone before
being discharged at the bottom of the reactor. Product
gas evolving from the pyrolysis zone is led to a combus-
tion chamber, where it is burned with air and the hot flue
gas is led in a cross-flow through the bottom of the
charcoal bed, where a part of the charcoal is burned to
supply the above pyrolysis process with energy.

[0028] The so-called Reichert retort (Kaltschmitt, M.,
Hartmann H., Hofbauer H., 2009, "Energie aus Bio-
masse", Springer-Verlag, Berlin Heidelberg, ISBN:
978-3-540-85094-6.) represents a discontinuous retort
process, where the biomass is fed to a retort. The product
gas evolving from the process /method is first treated in
scrubbers and condensers to remove the tars and is then
burnt to provide the energy needed for drying and heating
the feedstock.

[0029] US 2020/0270528 A1 discloses a discontinu-
ously working process/method and plant for producing
biocoal, in which biogeneous feedstock material is lo-
cated in retorts and pyrolysed and the flammable pyro-
lysis gases formed are burned to generate hot flue gases.
The retorts are introduced consecutively into at least one
reactor chamber and by use of the flue gases the heat for
the pyrolysis process is supplied. The retorts are at least
largely closed towards entry of hot flue gases and the
heating of the starting materials located in the retorts by
the flue gassesiis effected only indirectly via the heating of
the retorts.

[0030] DE 10 2005 045 166 B4 describes a charring
process which is based on a twinscrew reactor operated
at500-700°C with residence times of the biomass of 15 to
45 minutes (depending on the feedstock). Due to the
intensive bed motions, char particles are entrained with
the product gas, which have to be removed in a hot gas
dust separator before the PG is burnt in a flameless
oxidation burner. The hot exhaust gases are used for
reactor heating, feedstock drying and optional for district
heat production.

[0031] A continuously operating counter-current pyro-
lysis reactor with external energy supply and without
combustion of charcoal to provide energy to produce
biochar which is close-coupled with a pyrolysis gas treat-
ment reactor as described in this patent application is
novel.

SUMMARY OF THE INVENTION

[0032] In view of the above described prior art and the
above described problem(s), it is thus an object of the
invention to reduce the tar contentof the gasin suchagas
treatmentreactor by more than 95% orevenup t0 99% (in
otherwords: below 5 g tars / Nm3 or preferably below 1 g/
NmS3 of final product gas).

[0033] The object of the invention is solved by the
method of the independent method claim 1 and the
subject-matter of the independent device claim 2.
[0034] According to an aspect of an example embodi-
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ment a method to produce a product gas with low tar and
dust contents from solid biomass, biogenic residues
and/or organic waste fractions with a gas production
deviceis provided, the gas production device comprising:
a fuel conversion reactor which is an updraft gasification
reactor 1a or a pyrolysis reactor; and a gas treatment
reactor located downstream the fuel conversion reactor;
wherein the fuel conversion reactor is close-coupled with
the gas treatment reactor; wherein the fuel conversion
reactor comprises a space to contain a fuel bed above a
grate; wherein the gas treatment reactor comprises the
following: a POX zone, and at least one POX nozzle for
supplying an oxidiser into the POX zone; and a gas
heating zone fluidic located between the space to contain
the fuel bed and the POX zone; wherein the method
comprises the following steps:

Creating an initial product gas in the fuel conversion
reactor;

Heating the initial product gas, which is created in the
in the fuel conversion reactorin the gas heating zone;

Combusting the heated initial product gas in the gas
treatment reactor atleast partially in the POX zone of
the gas treatment reactor by injecting or supplying an
oxidiser through the POX nozzles into the POX zone.

[0035] According to an aspect of an example embodi-
ment a gas production device for producing a product gas
with low tar and dust contents from solid biomass, bio-
genic residues and/or organic waste fractions is pro-
vided, the gas production device comprising: a fuel con-
version reactor, which is an updraft gasification reactor or
a pyrolysis reactor; and a gas treatment reactor located
downstream the fuel conversion reactor; wherein the fuel
conversion reactor is close-coupled with the gas treat-
ment reactor; wherein the fuel conversion reactor com-
prises a space to contain a fuel bed above a grate;
wherein the gas treatment reactor comprises the follow-
ing: a POX zone, and atleast one POX nozzle for supply-
ing an oxidiser into the POX zone; and a gas heating zone
fluidic located between the space to contain the fuel bed
and the POX zone; wherein the gas production device is
configured such that: an initial product gas is created in
the fuel conversion reactor; and the initial product gas,
which is created in the fuel conversion reactoris heated in
the gas heating zone; and the heated initial productgas in
the gas treatmentreactoris combusted atleast partially in
the POX zone of the gas treatment reactor by injecting or
supplying an oxidiser through least one POX nozzle into
the POX zone.

[0036] According to a modification of above aspects a
method or a device is provided, wherein the chemical/-
physical processes in the gas production device 100 are
configured such that the tar content of a final product gas
V downstream the gas treatment reactor 2 and after the
POXzone 12 is below 5 wt% (percent of weight) of the tar
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content of the initial product gas upstream the gas treat-
ment reactor 2.

[0037] According to a modification of above aspects a
method or a device is provided, wherein least one POX
nozzle 22 is positioned at a distance to the grate 4 such
that the flow of gases, which is induced by the oxidiser,
does not disturb the fuel bed; and/or that the surface
temperature of the fuel bed 3 is kept below 450°C.
[0038] According to a modification of above aspects a
method or a device is provided, wherein the residence
time of the product gas in the gas treatment reactor 2 is
above 0.2 seconds, and preferably below 1 minute or
even more preferably below 10 seconds, and/or a stoi-
chiometric air ratio of the gas treatment reactor 2 is
between 0.25 and 0.6, and preferably between 0.35
and 0.5.

[0039] According to a modification of above aspects a
method or a device is provided, wherein the gas treat-
ment reactor 2 is located above the fuel conversion
reactor 1a, 1b in a height direction; and/or wherein the
gas treatment reactor 2 is arranged laterally or angular to
the fuel conversion reactor 1a, 1b.

[0040] According to a modification of above aspects a
method or a device is provided, wherein a tar and soot
reforming catalyst is provided before or after the POX
zone 12 to further improve tar and soot reforming.
[0041] A catalytic cracking can be performed using
mineral catalysts or a reforming can be performed with
metal catalysts.

[0042] One advantage of catalytic tar cracking is that it
does not reduce the heating value of the gas, as would be
the case if the tars were thermally cracked at a high
temperature. In catalytic cracking, the catalyst (typically
a monolith, a wire mesh or a packed bed) may be used
either in-situ in the gasification reactor or in a separate
reactor downstream of the gasifier. There is a large
number of different catalysts that have been used to
reduce the tar contents in product gases from gasification
processes. The two most researched groups are Ni-
based catalysts as well as dolomite and olivine. "The
operating temperature of the catalyst depends of the
catalyst used and is typically in the range of 750 to 950
°C."-(Fjellerup, J., Ahrenfeldt, J., Henriksen, U., & Gabel,
B. (2005). Formation, Decomposition and Cracking of
Biomass Tars in Gasification. Kgs.Lyngby: Technical
University of Denmark. Department of Mechanical En-
gineering.)

[0043] According to a modification of above aspects a
method or a device is provided, wherein the stages of the
updraft gasification reactor 1a comprise: a drying and
pyrolysis zone 5 in the upper part of the fuel bed, in which
the solid fuel is dried and pyrolysed without the addition of
oxygen,; a gasification zone 6 located below the pyrolysis
stage; and an oxidation zone 7 located at the bottom of
the fuel bed, in which the solid charcoal is converted to
ashes and gases; wherein the drying and pyrolysis, the
gasification and the oxidation stages are formed over the
height of the gasification reactor 1a.
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[0044] According to a modification of above aspects a
method or a device is provided, wherein the pyrolysis
reactor 1b comprises a drying zone 5 and a subsequent
pyrolysis zone 6 in the fuel bed 3; wherein the fuel and the
product gas move in a counter-current direction to each
other; and/or wherein the pyrolysis reactor 1b is exter-
nally heated or heated by a hot inert gas passing through
the pyrolysis reactor 1b.

[0045] According to a modification of above aspects a
method or a device is provided, wherein the oxidiser
injected into the gas treatment reactor 2 is air or oxygen
or an air/steam mixture or a mixture of these gases.
[0046] According to a modification of above aspects a
method or a device is provided, wherein the method
additionally comprises the step of preheating the oxidiser
or the device is additionally configured to preheat the
oxidiser by preheating means.

[0047] According to a modification of above aspects a
method or a device is provided, wherein the oxidiser
injected into the gas treatment reactor 2 is pre-heated
by the reaction in the POX zone 12 or by pre-heating
means 11.

[0048] According to a modification of above aspects a
method or a device is provided, wherein the gas treat-
ment reactor 2 is, preferably fully, insulated in order to
minimise heat losses.

[0049] According to a modification of above aspects a
method or a device is provided, wherein a temperature in
the oxidation zone 7 of a gasification reactor 1a is con-
trolled by the addition of steam or flue gas or a mixture of
these gases such that the temperature is between 800°C
and 1100°C, preferably between 800°C and 999°C.
[0050] According to a modification of above aspects a
method or a device is provided, wherein at least a part of
the fuel bed 3 close to the bottom of the pyrolysis reactor
1b is above 450°C by controlling a temperature of a gas
used to heat the pyrolysis reactor externally.

[0051] According to a modification of above aspects a
method or a device is provided, wherein the POX zone 12
of the gas treatment reactor 2 has or reaches a tempera-
ture of more than 800°C, preferably more than 1000°C,
even more preferably a temperature between 1000°C
and 1100°C.

[0052] To summarize the above, a method and a de-
vice of the invention can comprise a, preferably continu-
ously operating (i.e. not operating in interval), fuel con-
version reactor comprising an updraft fixed-bed or a
moving-bed gasification reactor or a pyrolysis reactor
and a close-coupled gas treatment reactor for gas and
tar reforming of the product gas by means of partial
oxidation (POX) or a combination of external heating
by a heat carrier and POX. In the conversion reactor
the solid fuel can be converted into combustible gases
and the remaining solids (ashes and charcoal).

[0053] The gases released from the top of the conver-
sion reactor, which contain low particle concentrations
but a considerable amount of tars (typically 50 - 2000 g /
Nm3)then get firstthermally treated and, after the thermal
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treatment, partially combusted in the gas treatment re-
actor, which is preferably located above the conversion
reactor or located laterally or angular to the conversion
reactor.

[0054] As an advantageous consequence, the treated
product gas can then be handled more easily in down-
stream processes (e.g. subsequent gas cleaning steps or
gas utilisation units like engines, turbines, fuel cells or gas
combustion devices).

[0055] According to an aspect of an example embodi-
ment, the present invention can comprise a method or a
device for the production of a product gas with a low tar
and dust content from fuel, for example solid biomass
fuels, biogenic residues or organic waste fractions with a
gas production device. Hence, the fuel can preferably be
biogenic fuel or biological fuel, e.g. wood chips or wood
pellets.

[0056] The disclosure provides a gas production de-
vice, which comprises a combination of a fixed or moving-
bed updraft gasification or pyrolysis system (in the follow-
ing both is referred to as fuel conversion reactor) coupled
with a gas treatment reactor, which contains at least one
partial oxidation zone and at least one gas heating zone
in order to produce a (final) product gas with a low particle
and tar content.

[0057] Preferably and optionally, the fuel conversion
reactor (i.e. an updraft gasification reactor or a pyrolysis
reactor) can be advantageously provided close-coupled
with the gas treatment reactor for high efficiency and
favourable manufacturing costs of the gas production
device.

[0058] The fuel conversion reactor converts the fuel,
which is supplied into the fuel conversion reactor, into an
initial product gas, which usually has a low particle but a
high tar content.

[0059] The gas treatment reactor treats the initial pro-
duct gas such that the particle content is kept low and the
tar content of the product gas is considerably lowered and
a final product gas is created, which is the output of the
gas production device.

[0060] The gas treatment reactor contains at least one
gas heating zone and at least one partial oxidation zone
(in short: "POX zone") in order to produce the final pro-
duct gas with a low particle and tar content.

[0061] The fuel conversion reactor is therefore located
upstream of the gas treatment reactor. The gas heating
zone of the gas treatment reactor is located downstream
the fuel conversion reactor and upstream the POX zone
of the gas treatment reactor. Hence, the POX zone is
located downstream the gas heating zone and down-
stream the fuel conversion reactor.

[0062] The gas heating zone of the gas treatment
reactor is for (at least partially) heating the initial product
gas up to a predefined temperature.

[0063] ThePOXzoneisforproviding a partial oxidation
of the heated initial product gas. The partial oxidation (in
short: "POX") can be achieved by injecting an oxidising
agent/oxidiser, i.e. an oxygen carrier into the gas (air,
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oxygen, an air/steam mixture or mixtures of these gases).
Moreover, these oxidisers may also be pre-heated in
order to reduce the amount needed to achieve a certain
target temperature in the POX reactor. Furthermore, the
product gas is heated before it enters the POX zone by
external heating in a heat exchanger (e.g. by hot flue gas)
or by radiation from the POX zone towards the fuel bed or
by both options. Optional external heating of the product
gas before entering the POX zone can reduce the amount
of oxidiser needed to achieve a certain target tempera-
ture in the POX reactor.

[0064] Furthermore, the fuel, e.g. solid carbonaceous
biomass, is fed into the upper region of the fuel bed or on
top of the fuel bed of the fuel conversion reactor, which is
usually a cylindrical or rectangular reactor, and forms a
packed bed on the grate. The height of the fuel bed inside
the gasifier, respectively pyrolyser, can be preferably
held almost constant by means of a mechanical level
control or sensors based on radar or ultrasonic sound or
even mechanical means.

[0065] The fuel can preferably be fed into the fuel bed
from below the maximum height of the fuel bed. l.e. the
solid carbonaceous biomass cannot be introduced into
the reactor such that if falls down onto the upper surface
of the reactor bed, but such that it is introduced into the
fuel bed (e.g. from sideways). Hence, the supplied fuel
can preferably be supplied such that it is pressed into the
fuel bed.

[0066] As a further advantageous consequence, the
surface of the fuel bed is more level /more flat, and as a
consequence to this, the particles of the fuel bed are not
churned and disadvantageously carried away by the flow
of the product gas. Additionally, the zones of pyrolysis
and drying are mixed up by the above described special
manner of supply of the fuel, and thus the efficiency (and
fuel usage) of the reactor is increased, since "dead
zones" for the fuel reaction are avoided.

[0067] In case of an updraft gasifier as fuel conversion
reactor, the gasification agent, dry or humidified air or
oxygen or recirculated flue gas or mixtures of these
gases, is injected from the bottom below the grate or in
the region of the grate, passes through the fuel bed and
hot product gas exits the gasifier at the top of the fuel bed
at around 80 to 450 °C (the exit temperature depends
mainly on the moisture content of the fuel).

[0068] Preferably, the fuel conversion reactor is con-
trolled such that the temperature of the ash on the grate is
above 300°C, such that no ash layer is formed above the
grate (i.e. only a char oxidation layer is created). Experi-
ments and simulations resulted in the conclusion that
temperatures of above 300°C onto the grate improve the
overall performance of the herein described method and
device. In detail, this minimum temperature of above
300°C advantageously (mostly) avoids the release of
ash formers. A long ash residence time on the grate
(which is the case when temperature of below 300°C
exist on the grate) typically increases K release and thus
dust emissions; Hence, with the minimum temperature of
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above 300°C on the grate, the ash residence time on the
grate is therefore kept short and hence also the tempera-
ture of the ash is clearly above 300°C.

[0069] The overall gasification process in the updraft
gasifier can, on one hand, be seen as separated into
several different reaction zones, stratified along the re-
actor height, wherein drying and pyrolysis often go on in
parallel due to rapid heating of the particle surface
(although the separation is not mandatory). On the other
hand, the reaction zones can be seen as combined
reaction zones (see Fig. 5).

[0070] Atthe top of the bed the fuel is heated and dried
by the hot product gas passing through the fuel bed as
well as by radiation, convection and conduction from the
gas treatment reactor. At particle (bed) temperatures of
about more than 200 °C, pyrolysis of the fuel takes place
and solid char particles and volatiles are formed. The
char particles move downwards, heat up and get reduced
by hot gases as gasification processes start at approxi-
mately more than 600 °C. The char is partially converted
into product gas mainly by endothermic reactions.
[0071] Finally, the remaining char is burnt by the sup-
plied gasification agent (dry or humidified air or oxygen or
recirculated flue gas or mixtures of these gases) in the
oxidizing zone located at the bottom of the gasifier,
supplying heat for the overlying processes. The fuel
ashes fall through the grate or drop down at the end of
the grate and get discharged by means of an ashes
removal system, e.g. by means of a conveying screw.
The de-ashing process/method can be controlled in de-
pendence of the ashes’ temperature or time-depen-
dently.

[0072] Due to char oxidation, the solid (bed) tempera-
ture attains high values above the grate, usually between
800 and 1,100 °C. The temperature in the oxidizing zone
is usually controlled by the addition of steam or flue gas or
a mixture of these gases (in order to avoid ash melting or
ash sintering on the grate).

[0073] Theinitial product gas from the updraft gasifica-
tion reactor consists of CO, H,, CO,, CH,, water vapour,
N,, high amounts of tars and certain amounts of higher
hydrocarbons, such as ethane and propane, as well as
organic acids.

[0074] In case of a fixed or moving-bed updraft pyro-
lyser as fuel conversion reactor, no oxidation agent is
injected into the reactor. The fuel bed is heated up by e.g.
indirect heating through the reactor walls by e.g. hot flue
gases or electric heaters or by direct heating by the
injection of a pre-heated inert gas at the bottom of the
pyrolyser. The fuel bed is pyrolysed and the hot product
gas produced passes through the fuel bed upwards and
dries the fresh fuel. The char particles formed move
downwards and get further heated. At the bottom of
the reactor the charcoal falls through the grate or drops
down at the end of the grate and gets discharged by
means of a charcoal removal system, e.g. by means of a
conveying screw. By controlling the charcoal discharge,
the residence time of the biomass in the reactor and thus
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the carbonisation degree can be controlled. The tem-
perature of the charcoal (target pyrolysis temperature) is
controlled by the temperature of the heated reactor walls
or of the pre-heated inert gas.

[0075] Notconsidering apossibly presentinertgas, the
initial product gas from the pyrolysis reactor consists of
CO, H,, CO,, CH,, water vapour, high amounts of tars
and certain amounts of higher hydrocarbons, such as
ethane and propane, as well as organic acids.

[0076] The high tar contents and high dust contents of
product gasses from fuel conversion reactors are a main
problem of conventional fuel conversion reactors. To
solve these problems, the invention (inter alia) provides
the combination of an updraft fuel conversion reactor with
a gas treatment reactor as described herein.

[0077] Preferably, the gas treatment reactor can be
close-coupled with the fuel conversion reactor and can
be preferably located right above (vertical) the fuel con-
version reactor or laterally or angular to the fuel conver-
sion reactor. The gas treatment reactor is preferably
partially or even fully insulated in order to prevent tar
condensation and heat losses.

[0078] Inthe gas heating zone, i.e. in the first section of
this gas treatment reactor, the product gas is heated by
direct or indirect energy input. The product gas can be
heated by radiation, conduction and convection induced
from the partial oxidation zone, butitcan also be heatedin
a heat exchanger, where heat is transferred to the pro-
duct gas indirectly (e.g. by hot flue gas). The height or
length of this first section mainly depends on whether
external heating is applied or not - if external heating is
applied then it depends mainly on the dimensions of the
heat exchanger, if no external heating is applied a certain
spacing between the fuel bed surface and POX nozzles
(explained later) needs to be considered in order to avoid
a flow that hits the fuel bed induced by the POX nozzles
(as this would cause particle entrainment) and also to
avoid too high bed surface temperatures - they should not
exceed 450°C in order not to disturb the ash-filtering
effect caused by the fuel bed.

[0079] The (pre-)heated (initial) product gas is then
introduced into the partial oxidation zone, i.e. into the
second section of the gas treatment reactor, and is re-
formed by means of partial oxidation in the presence of an
oxidizing agent in order to reform the initial product gas
towards low tar levels, achieving typically a reduction of
more than 95% related to the tar content of the product
gas at fuel bed exit. The oxidizing agent / oxidiser is
introduced into the POX zone by means of at least one
POX nozzle.

[0080] The resultofthe reformation of the initial product
gas with high tar and dust content is a final product gas of
the gas production device with a low dust and tar content.
[0081] It is to be noted, that more than 4, preferably
more than 6 POX nozzles can be preferably used such
that a better distribution of the oxidiser can be realized in
the POX zone for a more homogenous and efficient
reaction.
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[0082] The POX nozzles can be either integrated into
the wall of the gas treatment reactor at the POX zone, or
the POX nozzles can be provided by injection lances
(tubes with nozzles), which are arranged in the POX zone
and which can partially or fully pass through the inner
volume of the POX zone of the gas treatment reactor.
Further, the supply passages (e.g. a main supply pas-
sage or tubing and distribution passages or tubings to the
nozzles or lances with nozzles) to the nozzles can pre-
ferable be integrated into the wall of the gas treatment
reactor.

[0083] In both above mentioned configurations, the
reaction in the POX zone heats up the nozzles and/or
lances and the wall of the gas treatment reactor, and thus
the oxidiser can be advantageously pre-heated before
entering the POX zone. Consequently, the reaction in the
POX zone is more efficient (ignition delays can be mini-
mised) and a better mixing between oxidiser and gas can
be achieved.

[0084] Preferably, the oxidizer can enter into the POX
zone through a central supply (passage) and can flow
through a distribution channel, which is integrated in the
reactor, tothe POX nozzles/lances. Itis to be noted thatin
the case of lances with nozzles, the oxidizer is advanta-
geously even more preheated before entering the POX
zone as compared to nozzles, which are integrated into
the walls of the gas treatment reactor.

[0085] The temperature in the POX zone is preferably
(at least partially or fully) above 800°C for a good effi-
ciency.

[0086] Even more preferably, a temperature in the

POX zone is (at least partially or fully) above 1000°C in
order to crack the tars in the product gas most efficiently
and to reach the defined rates of tar reduction.

[0087] It has taken a considerable amount of experi-
ments / measurements and CFD-simulations in order to
find this minimum temperature of 1000°C in the POX
zone as the optimal minimal temperature, which is sui-
table toreach the above defined reduction rates of the tar,
which are in practice very low as compared to prior art,
and is additionally not too highin order to provide the POX
with a high efficiency.

[0088] Itistobe noted that the "temperature in the POX
zone" of above 1000°C canrelate to the zone as whole, or
only to parts of the zone. In this context, it is to be noted
that the temperature naturally decreases after the noz-
zles for injecting the oxidiser, since the main place of
reaction inthe POX zone is where the nozzles are located
and because after oxidation reactions close to the POX
nozzles occur endothermic gasification reactions prevail.
This can be seen also in the temperature graph in Fig. 2.
[0089] Furthermore, a temperature in the POX zone
can be above 1000°C and below 1100°C as an optimum
for the tar reduction and the energy efficiency (and the
supply amount of oxidiser) of the POX zone for updraft
gasifiers and up to 1,400°C for updraft pyrolysers as the
gas from updraft pyrolysis reactors contains considerably
higher amounts of tars in comparison to updraft gasifica-
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tion reactors.

[0090] The oxidiser injected into the POX zone can be
preferably pre-heated to temperatures of above 150°C
(by temperature pre-heating means), before the oxidiser
is injected into the POX zone (before the oxidiser is
reaching the POX zone).

[0091] The gas heating zone s fluidic (i.e. in view of the
flow of the process gas) located between the space (i.e.
the inner room of the updraft gasification reactor or
pyrolysis reactor for containing the fuel bed and the
corresponding reactions) and the POX zone.

[0092] The stoichiometricairratioin the POXreactor (=
(oxygen supplied tothe POXreactor + in case of a gasifier
oxygen supplied to the gasifier) / oxygen needed for a
complete stoichiometric conversion of the fuel) is typi-
cally between 0.25 and 0.6 (depending on the gas tem-
perature at POX zone inlet and the temperature of the
oxidiser upstream the POX zone and also on the fact
whether an updraft gasifier or an updraft pyrolyser are
applied). The POX zone needs to be well insulated to
minimise heat losses.

[0093] The amount of oxidizing agent supplied, and
therefore the stoichiometric air ratio of the POX zone are
controlled in dependence of the product gas temperature
measured by at least one temperature sensor, e.g. a
thermocouple, located in the POX zone. Hence, control-
ling means can be provided for controlling the product
gas temperature and the stoichiometric ratio in the POX
zone. In general, controlling means can be provided to
control the main parameters of the processes in the gas
production device, such as the flows of the oxidiser and
fuel into the gas production device as well as tempera-
tures in the gas production device and the level of the fuel
bed.

[0094] The oxidizing agent can be injected into the
POX reactor at one or at different positions. The oxidizing
agentis air or oxygen or an air/steam mixture or a mixture
of these gases; they can be injected combined or sepa-
rately. The oxidizing agent can be supplied at ambient
temperature or pre-heated a) electrically and/or b) ther-
mally (e.g. by hot gas in a heat exchanger).

[0095] The injection nozzles preferably ensure a good
mixing of the oxidiser with the gas in the POX zone in
order to avoid strain formation. This could be achieved
e.g. by appropriately designed injection lances or by
inducing a swirling flow in the POX zone. Moreover,
the injection nozzles can be placed in a uniform height
in the POX zone or at different positions / heights.
[0096] Theresidencetime ofthegasinthe POXzoneis
preferably atleast 0.2 seconds but may also be more than
1 second for high efficiency. Hence, the geometry of the
POX zone and the amount of initial product gas created
can preferably be configured in such a way that the flow
velocity of the product gas is low enough in order to not
pass the POX zone in less than 0.2 seconds.

[0097] The fuel conversion reactor is preferably round
or rectangular in its inner cross-sectional profile, i.e. has
an oval or round or rectangular inner diameter as to be
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seen in its cross section perpendicular to a length direc-
tion of the reactor. The solid fuel bed as well as the gas
treatment reactor may have the same or different dia-
meters. For instance, the fuel conversion reactor may
have one diameter and above in the gas treatment re-
actor, the reactor may be smaller or wider.

[0098] The stoichiometric air ratio in the sense of this
application is calculated as follows: (oxygen supplied in
the counter-current reactor and in the POX zone of the
gas treatment reactor) / oxygen needed for a complete
stoichiometric combustion of the fuel. The respective
amounts can be either calculated per volume [m3] or
per weight [kilogram or gramm].

[0099] The gas treatment reactor is preferably located
above the fuel conversion reactor or laterally or angular to
the fuel conversion reactor.

[0100] The term "close-coupled" in the sense of this
application can be understood as "directly connected"
and/or as "a maximum distance of two features of 3
meters, preferably of 1 meter" and/or such that there is
an effective thermal coupling of the two "close-coupled”
features.

[0101] Inafunctional sense the "close-coupling” of the
fuel conversion reactor and the gas treatment reactor is
preferably such close that the heat from the gas heating
zone can be used as additional energy input for the fuel
conversion reactor. In other words, the fuel conversion
reactor and the gas treatment reactor are coupled such
that thermal energy from the gas heating zone of the gas
treatment reactor can act on the fuel in the fuel conver-
sion reactor, e.g. improve drying and pyrolysis/gasifica-
tion.

[0102] An"oxidiser"inthe sense of this application can
preferably be air, oxygen, an air/steam mixture or mix-
tures of these gases

BRIEF DESCRIPTION OF THE DRAWINGS

[0103] The invention is herein described, by way of
example only, with reference to the accompanying draw-
ings. With specific reference to the drawings in detail, itis
stressed that the particulars shown are by way of exam-
ple and for purposes of illustrative discussion of the
preferred embodiments of the present invention only,
and are presented in order to provide what is believed
to be the most useful and readily understood description
of the principles and conceptual aspects of the invention.
In this regard, no attempt is made to show structural
details of the invention in more detail than is necessary
for a fundamental understanding of the invention, the
description taken with the drawings making apparent
to those skilled in the art how the several forms of the
invention may be embodied in practice.

[0104] The above and other objects and features will
become more apparent from the following description of
example embodiments with reference to the accompa-
nying drawings in which:
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Fig. 1  shows a sectional view of an exemplary embo-
diment of the gas production device (method/-
device), wherein the gas treatment reactor is
coupled with an updraft gasification reactor;
Fig.2  shows the embodiment of Fig.1 including loca-
tions of temperature measurements and a tem-
perature graph over the length direction of the
gas production device;

Fig. 3  shows a sectional view of a modification of the
embodiment of the gas production device
(method/device), wherein the gas treatment
reactor is located laterally to and above an up-
draft gasification reactor;

Fig.4  shows a sectional view of a further modification
of the embodiment of the gas production de-
vice where the gas treatment reactor is
coupled with an updraft pyrolysis reactor.

Fig. 5 shows a sectional view the embodiment of Fig.
1, wherein the zones inside the updraft gasifi-
cation reactor of Fig. 5 are placed differently as
compared to Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0105] Various embodiments of the present disclosure
are disclosed below with reference to the accompanying
drawings. However, embodiments and terms used there-
in are not intended to limit the present disclosure to
particular embodiments and should be construed to in-
clude various modifications, equivalents and/or alterna-
tives in accordance with embodiments of the present
disclosure.

[0106] Should more general terms be used in the de-
scription for features or elements shown in the figures, it
is intended that not only is the specific feature or element
disclosed in the figures for those skilled in the art, but also
the more general technical teachings.

[0107] Withrespecttothe description of the figures, the
same reference signs may be used in the individual
figures to refer to similar or technically corresponding
elements. Further, for the sake of clarity, more elements
or features may be shown with reference signs in indivi-
dual detail or section views than in the overview views. It
is to be assumed thatthese elements or features are also
disclosed accordingly in the different figures, even if they
are not explicitly listed there.

[0108] It is to be understood that a singular form of a
noun corresponding to an object may include one or more
of the things, unless the relevant context clearly indicates
otherwise.

[0109] In the present disclosure, an expression such
as"AorB", "atleastone of Aor/and B", or "one or more of
A or/and B" may include all possible combinations of
features listed together. Expressions such as "first," "sec-
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ond," "primary," or "secondary" used herein may repre-
sent different elements regardless of their order and/or
meaning and do not limit corresponding elements. When
it is described that an element (e.g., a first element) is
"operatively" or "communicatively" coupled or connected
to another element (e.g., a second element), the element
may be directly connected to the other element or con-
nected to the other element via another element (e.g., a
third element).

[0110] For example, an expression "configured to" (or
"arranged to") used in the present disclosure may be
replaced with "suitable for," "adapted to," "made to,"
"capable of," or "designed to," depending on what is
technically possible. Alternatively, in a particular situa-
tion, an expression "device configured to" or "set up to"
may mean that the device is capable of operating in
conjunction with another device or component, or per-
forming a corresponding function.

[0111] Allsize indications, which are givenin"mm", are
to be understood as a size range of +- 1 mm around the
indicated value, unless another tolerance or otherranges
are explicitly indicated.

[0112] It should be noted that the present individual
aspects, for example the reactors, are disclosed sepa-
rately as individual parts or individual devices. Thus, itis
apparent to one skilled in the art that individual aspects or
parts of the system are also disclosed herein on their own
independently to the corresponding embodiment. Pre-
sently, the individual aspects or system parts are dis-
closed particularly in the subsections as indicated. It is
intended that these individual aspects may also be
claimed separately.

[0113] Further, for the sake of clarity, not all features
and elements are individually designated in the figures,
particularly when they are repeated. Rather, the ele-
ments and features are each designated by way of ex-
ample. Analogous or identical elements are then to be
understood as such and in an analogous manner.
[0114] The disclosed embodiment and its modifica-
tions, discussed in more detail afterwards, are suitable
for gasification systems that include an updraft fixed or
moving bed gasification reactor for producing combus-
tible gases with low particulate matter and high tar con-
tents and a close-coupled gas treatment reactor (POX
reactor) for heating and partially oxidising the combus-
tible gases to produce a product gas with a low tar
content.

Embodiment

[0115] An exemplary embodiment, which is shown in
Fig. 1 and in further detail in Fig. 2, comprises a gas
production device 100 that combines an updraft gasifica-
tion reactor 1a (in short: updraft gasifier) and a gas
treatment reactor 2.

[0116] In detail, Fig. 1 shows a sectional view of an
exemplary embodiment of a gas production device 100
comprising a gas treatment reactor 2 and an updraft
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gasification reactor 1a located vertically below the gas
treatmentreactor 2. The gas treatmentreactor 2 is placed
on top of the updraft gasification reactor 1a. The gas
treatment reactor 2 and the updraft gasification reactor
1a can preferably be coupled via a passage 13. The
passage 13 can either be a seamless transition between
two volumes in one big contained environment or a
passage via a tube or via welded parts.

[0117] As to be seen from Fig. 1, the gas treatment
reactor 2 and the updraft gasification reactor 1a are
close-coupled in order to allow a (direct) flow from the
gas, which results from the updraft gasification, into the
gas treatment reactor 2 (c.f. arrow "VI").

[0118] Fuel (as depicted by the arrow "I") is fed into the
upper region of a fuel bed 3 of the gasification reactor,
which is preferably a cylindrical or rectangular reactor,
and preferably forms a packed-bed on a grate 4.
[0119] The height of the gasification reactor 1a is pre-
ferably high enough to establish distinguishable zones
within the reactor, such that a fuel drying and pyrolysis 5,
gasification reactions 6 and charcoal oxidation 7 happen
(it is to be noted that the reference numerals 5, 6 and 7
refer to the respective zones / stages and to the respec-
tive physical/chemical method steps). Preferably, the
height of the gasification reactor 1a is about 1-2 times
the diameter. Hence, in order to form these zones/stages,
a height of the fuel bed can be higher than 1-2 times the
diameter of the fuel bed.

[0120] Itisto be noted that the fuel and oxidiser as well
as product gas mostly travel in counter-current direction.
[0121] The free (inner) surface above the gasification
reactor is preferably designed in a way that the gas
velocity right above the fuel bed is preferably below 0.3
m / s in order to minimise particle entrainment.

[0122] The height of the fuel bed 3 inside the gasifica-
tion reactor 1a is preferably held almost constant by
means of a mechanical or electronical level control.
For the measurement of the height of the fuel bed 3 inside
the gasification reactor 1a, atleast one sensor 8 based on
radar or ultrasonic sound or a mechanical level control
can be used. The measured height of the fuel bed can
then be used to e.g. control the amount of the fuel fed into
the reactor 1a. The fuel can be fed (c.f. arrow "I") into the
reactor 1a by means of a typical fuel feeder.

[0123] A gasification agent, dry or humidified air, oxy-
gen orrecirculated flue gas or a mixture of these gases, is
injected at the bottom of the gasification reactor (c.f. the
arrow "lI" in Fig. 1), passes through the fuel bed, and hot
product gases exit the gasification reactor at the top at 80
to 450 °C (the temperature depending mainly on the
moisture content of the fuel), as depicted by the arrow
"VI" in Fig. 1.

[0124] The overall gasification process/method can be
separated into three different reaction zones stratified
along the reactor height as described above.

[0125] The remaining char at the bottom of the gasifi-
cation reactor is burnt by the supplied gasification agent
(c.f."l")in the oxidizing zone 7 located close to a grate 4.
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The fuel ashes drop down the grate as indicated by the

arrow "llI" in Fig. 1. The grate can optionally be water-
cooled.
[0126] The ashes can be discharged by means of an

ash-removal system 9, e.g. by means of a conveying
screw. The de-ashing process can be controlled in de-
pendence of the ash temperature or time-dependently. If
a temperature sensor for controlling the de-ashing pro-
cess is used, it is preferably placed in the bottom near
area of the gasification reactor above the grate (see also
Fig. 2, "T1").

[0127] Fig. 2 shows the gas production device 100 of
Fig. 1 including a temperature profile of the gasification
device 100. The temperature profile of Fig. 2 shows mere
examples of possible temperatures at respective (hor-
izontally aligned) different positions of the gas production
device 100. In Fig. 2, the temperature profile refers to the
temperatures in the gasification device 100 throughout
the height direction of the gasification device 100.
[0128] Due to char combustion, the solid temperature
attains high values above the grate, usually between 800
and 1,100 °C. The temperature in the oxidizing zone 7 is
controlled by the addition of steam or recirculated flue gas
or a mixture of these gases to the gasification agent (e.g.
air). This can be done by a defined load-dependent
dosing of these gases or based on a temperature control.
If a temperature control is used, the temperature sensor
is preferably placed in the bottom (near) area of the
gasification reactor above the grate (see Fig. 2, "T2").
Itisto be noted thatthe temperature sensors "T1"and "T2
can also be realized as one single sensor (e.g. a PT 100
or PT 1000 sensor). The temperature sensors T1 and T2
can be located in the wall of the reactor 1a, 1b orin the fuel
bed 3 itself. Preferably, one temperature sensor "T1" is
located in the wall of the reactor and one temperature
sensor "T2" is located in the fuel bed 3 of the reactor 1a,
1b. Hence, the temperatures of the fuel bed can be
calculated in a more accurate way and controlling the
reactions within the reactor 1a, 1b can take into account
that the fuel bed 3 has a certain range of its temperature.
[0129] The walls of the updraft gasification reactor 1a
can be built of heat-resistant materials such as refractory
bricks, fire clay or heat-resistant steel and can optionally
be provided fully or at least partially insulated.

[0130] The gas treatment reactor 2 is located prefer-
ably vertically above the gasification reactor or laterally or
angular to the gasification reactor. The gas treatment
reactor can also be optionally provided well insulated
in order to prevent tar condensation and heat losses.
[0131] In aheating section 10/ gas heating zone 10 of
the gas treatment reactor 2, the productgasis heated in a
heat exchanger section (e.g. hot flue gas circulating
around the inner reactor walls as schematically depicted
by aninnerwalls heating means 11 as an example, where
heat is transferred to the product gas from e.g. hot flue
gas). The heating of the product gas can already induce a
gas reforming process/method.

[0132] As to be seen from the temperature profile from
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Fig. 2, the inner energy of the initial product gas rises
(significantly) in the gas heating zone 10, i.e., the tem-
perature rises from below approx.400°C to above ap-
prox.550°C. Hence, the gas heating zone 10 (pre) heats
the initial product gas by at least 150°C, preferably even
more than 200°C. Thus, the POX zone 12 can perform its
reactions more efficiently. Furthermore, the presence of
the gas heating zone 12 creates a distance between the
grate 4 and the POX zone 12 with its very high tempera-
tures of preferably above 1000°C. Hence, the effect of the
POX zone 12 on the fuel bed surface (heating up the bed
surface) can be advantageously limited.

[0133] The pre-heated product gas is then introduced
into the partial oxidation zone 12 (in short: POX zone 12)
of the gas treatment reactor 2 and is reformed by means
of partial oxidation in the presence of an oxidizing agent/
oxidizer (the supply of which is indicated by the arrows
"IV"). The oxidizing agent / oxidizer is supplied via POX
nozzles 22 into the POX zone 12 in order to form a final
product gas (the flow of which is indicated by the arrow"V"
in Fig. 1) advantageously containing significantly re-
duced tar levels (5 wt % (percent in weight) or less of
the tar content of the product gas upstream the gas
treatment reactor). In the partial oxidation zone 12 a
partial oxidation of the product gas is performed.
[0134] The oxidiser is injected into the gas treatment
reactor 2 at one position or at least two different positions
of the at least one POX nozzles 22.

[0135] As to be seen from the temperature profile of
Fig. 2, the partial oxidation again rises the inner energy of
the preheated product gas as the temperature rises from
approx. 600°C to above 1000°C.

[0136] In this embodiment an initial product gas (c.f.
arrow "VI") upstream the gas treatment reactor 2) is
directly resulting from the gasification in the updraft ga-
sification reactor 1a or from the pyrolysis in the pyrolysis
reactor 1b.

[0137] The initial product gas is preferably flowing up-
stream the gas treatment reactor 2 or, more preferably, at
an exit of the fuel bed (3). The final product gas is the
product gas at the exit of the gas production device 100,
i.e. downstream the POX zone 12. The heated initial
product gas is the product gas downstream the gas
heating zone 10 and upstream (and in) the POX zone 12.
[0138] The POX nozzles 22 are preferably positioned
ataheightabove the fuel bed 3 or the grate 4 such thatthe
induced flow by the oxidiser does not disturb the fuel bed,
i.e. streamlines of the flow of the oxidiser injected do not
reach the fuel bed. This can be simulated e.g. by a CFD
simulation or measured/checked with atest sample of the
device 100. The POX zone 12 usually begins at the start
of the reaction of the heated initial product gas with the
oxidiser, and thus usually at the position of the POX
nozzles 22 (or a bit before these nozzles 22, since the
flow of the oxidiser expands a bit after the POX nozzles 12
into the gas treatment reactor 2).

[0139] The temperature in the POX zone 12 is prefer-
ably above 800°C, more preferably above 1000°C and
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even more preferably between 1000°C and 1100°C if
coupled with an updraft gasification reactor or even more
preferably between 1,000 and 1,400°C if coupled with an
updraft pyrolysis reactor in order to achieve a highly
efficient tar reduction. This temperature can be mea-
sured by a temperature sensor located in the upper part
of the POX zone 12 (where rather uniform temperature
conditions prevail, see Fig. 2, "T3"). The measured tem-
perature can serve as an input for a temperature con-
trolling means (e.g. a microcomputer or a controller),
which uses e.g. a PID-controlling mechanism. By the
temperature controlling means, the temperature in the
POX zone 12 can be adjusted by the setting amount of
oxidiser supplied into the POX zone 12 (e.g. via at least
one valve, which is controlled by the output of the tem-
perature controlling means). The oxidiser may be air or
oxygen or an air/steam mixture or a mixture of these
gases and it can be injected at ambient temperature or
can be pre-heated.

[0140] In order to start up the POX zone 12 in the
beginning, the gas will be combusted at over-stoichio-
metric conditions (lambda above 1) in orderto heatup the
reactor to the target operation temperature. Optionally,
the heat-up could also be achieved by a separate start-up
burner or via electrical heating means. As soon as the
target temperature is achieved, the operation mode is
switched to POX operation, hence to a steady operation
ofthe reactor. The temperatures and the ratios (and other
values) herein are referring to the reactor operation in its
continuous mode (i.e. steady state) and thus not to the
start-up of the reactor.

[0141] The result of the above described method and
the corresponding gas production device 100 is a low-tar-
and low-dust product gas, which contains less tar and
less dust as compared to conventional methods and
devices/reactors.

[0142] Fig. 3 shows asectional view of a modification of
the embodiment of the invention where the gas treatment
reactor is located laterally to an updraft gasification re-
actor. The same reference numerals refer to the same or
analogous features. Thus, reference is made to the
above described embodiment and only the difference
of the modification to the embodiment is described below.
[0143] The POX zone 12 of this modification has a
different orientation of its length-direction as compared
tothe embodiment of Fig. 1. Consequently, the flow of the
product gas and the injection of the oxidising agent can
be performed in different directions. As an example, Fig.
3 shows an injection of the oxidising agent into the POX
zone 12 via the nozzles 22 (c.f. arrow "IVb") and via at
least one further nozzle at the start of the POX Zone (c.f.
arrow "lIVa").

[0144] This construction allows for a more compact
setup of the gas production device 100.
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Further Modification

[0145] A modification of the exemplary embodiment is
shown in Fig. 4. Hereby, an updraft pyrolysis reactor can
be combined with a gas treatment reactor.

[0146] The disclosed exemplary embodiments, as dis-
cussed in more detail afterwards, are suitable for slow
pyrolysis systems thatinclude an updraft fixed or moving-
bed slow pyrolysis reactor for producing biochar and
combustible gases with low particulate matter and high
tar contents and a close-coupled gas treatment reactor
(POX reactor) for partially oxidising the combustible
gases to produce a product gas with a low tar content.
[0147] In detail, Fig. 4 shows a sectional view of an
exemplary embodiment of the invention where the gas
treatment reactor 2 is located vertically above the pyr-
olysis reactor 1b. The gas treatment reactor 2 is placed
on top of the pyrolysis reactor 1b.

[0148] Thefuel (asindicated by the Arrow "|")is fed into
the upper region of the fuel bed 3 of the pyrolysis reactor,
which is preferably a cylindrical or rectangular reactor,
and forms a packed-bed on the grate 4.

[0149] The height of the pyrolysis reactor needs to be
high enough to provide sufficient residence time for a
complete charring process/method. The height of the fuel
bed 3 inside the pyrolysis reactor can preferably be held
almost constant by means of a mechanical level control
or sensors based on radar or ultrasonic sound 8.
[0150] Thefuelbedisheateduptoatleast450°C atthe
bottom of the reactor in order to run the pyrolysis reac-
tions in the absence of any oxidising agent. Heating can
be realised by indirect heating via a heat exchanger, e.g.
surrounding the fuel bed at the outer reactor walls (14),
which for instance is supplied with energy by flue gases
(as indicated by the Arrow "1I") from the combustion of a
share of the pyrolysis gases produced with a temperature
of about 600°C or higher.

[0151] Heating could also (alternatively or in addition)
be realised by electric heating elements or by injection of
apre-heated inert gas below the grate at the bottom of the
reactor. The excess product gas which is not needed for
reactor heating (the main share of the gas) can be used
for other purposes such as e.g. application in gas en-
gines, fuel cells or gas turbines for combined heat and
power production.

[0152] Asthefuel bedis heated up, pyrolysis reactions
lead to the release of product gases which pass through
the fuel bed and leave it at its top. The freshly supplied
fuel (as indicated by the arrow "I"), which moves down-
wards, is at first dried by the hot product gas in a drying
zone 5 before it gets pyrolysed in a pyrolysis zone 6. At
the bottom of the pyrolysis reactor, the remaining char-
coal drops down the grate 4 (as indicated by the arrow
"Ill") and is discharged by means of an air tight charcoal
removal system 9, e.g. by means of sealed conveying
screws or a wet charcoal removal via a water bath.
[0153] The walls of the pyrolysis reactor 1b can pre-
ferably be well insulated by an appropriate outer insula-
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tion. The gas treatment reactor 2 can preferably be
located vertically above the pyrolysis reactor or laterally
or angular to the pyrolysis reactor. The gas treatment
reactor is preferably well insulated in order to prevent tar
condensation and heat losses.

[0154] Ina heating section of the gas treatment reactor
2 the product gas is heated by direct or indirect energy
input or from both. The product gas gets heated by
radiation, conduction and convection induced by the
above partial oxidation step and it can additionally be
heated in a heat exchanger section (e.g. hot flue gas
circulating around or in the inner walls heating means 14
of the gas production device 100, where heat is trans-
ferred to the product gas from e.g. hot flue gas). In Fig. 4,
as an example, the latter option is shown and is addi-
tionally combined with a pyrolysis reactor heating. The
heating of the product gas already induces a gas reform-
ing process/method. Itis to be noted that also no external
heating or only a heating as shown in Fig. 1 is also
possible.

[0155] The pre-heated product gas is then introduced
into the partial oxidation zone / POX zone 12 of the gas
treatment reactor 2 and is reformed by means of partial
oxidation in the presence of an oxidizing agent, which is
supplied as indicated by the arrows "IV" via nozzles 22,
into the POX zone 12 in order to form a final product gas
(as indicated by the arrow "V") containing significantly
reduced tar levels (5 wt % or less of the tar content of the
product gas at fuel bed exit). The temperature in the POX
zone 12 is preferably above 800°C, more preferably
above 1000°C (or even more preferably above
1,100°C) in order to achieve a highly efficient tar reduc-
tion. This temperature can be measured by a tempera-
ture sensor located in the upper part of the POX zone 12
(where rather uniform temperature conditions prevail).
The measured temperature can serve as an input for a
temperature controlling means (e.g. a microcomputer or
a controller), which uses e.g. a PID-controlling mechan-
ism. By the temperature controlling means, the tempera-
ture in the POX zone 12 can be adjusted by the setting
amount of oxidiser supplied into the POX zone 12 (e.g.
via at least one valve, which is controlled by the output of
the temperature controlling means). The oxidiser may be
air or oxygen or an air/steam mixture or a mixture of these
gases and it can be injected at ambient temperature or
can be pre-heated.

[0156] In order to start up the pyrolysis reactor and the
POX zone 12, in the beginning a separate start-up burner
or an electrical heating can be preferably used. As soon
as the target temperature is achieved, the operation
mode is switched to POX operation.

General notes for all embodiments and aspects

[0157] Itis to be noted that the drying and pyrolysis of
fuel particles (and hence the zones) can overlap and thus
the drying zone 5 does not necessarily have to be pro-
vided separate to the pyrolysis zone 6, since in thermally
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thick particles drying and pyrolysis likely overlap (the
corresponding conversion processes run from the out-
side to the inside in the reactor). Hence, Fig. 1, 2, 3 and 4
just show separate zones 5, 6 for the sake of simplicity as
a pure example.

[0158] Forexample, due to the (optional) fuel injection
below the bed surface, the drying and pyrolysis zones are
also mixed as indicated by the combined drying and
pyrolysis zone 5b in Fig. 5; above zone 5b a pure pyr-
olysis zone 5a can be formed due to the high irradiation
from the gas treatment reactor, and below zone 5b, due to
the hotrising gas, a pure pyrolysis zone 5a can be formed
as well. Hence, the zones as shown in the figures are
purely shown for the sake of simplicity and for an ex-
planation of an (not limiting) example.

[0159] Furthermore, Fig. 5 is provided to show a more
detailed view of a possible formation of the zones inside
the updraft gasification reactor 1a. In Fig. 5, a combined
drying and pyrolysis zone is formed during the reaction,
wherein the zone 5a describes pure pyrolysis zones and
the zone 5b describes a combined pyrolysis and drying
zone. The fuel is introduced into the fuel conversion
reactor (in this case the updraft gasifier 1a) at the arrow
"I" below the upper surface of the fuel bed, is dried and
subject to pyrolysis in the zone 5b, and then the fuel
moves up- and downwards and is then further subject to
pyrolysis inthe zones 5a. This advantageously increases
the efficiency of the reaction(s) and decreases the churn-
ing or whirling of fuel particles into the flow of the initial
product gas.

[0160] It is appreciated that certain features of the
invention, which are, for clarity, described in the context
of separate aspects, modifications or embodiments, may
also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are,
for brevity, described in the context of a single embodi-
ment, may also be provided separately or in any suitable
sub-combination.

[0161] In addition, citation or identification of any re-
ference in this application shall not be construed as an
admission that such reference is available as prior art to
the present invention.

Claims

1. Method to produce a product gas with low tar and
dust contents from solid biomass, biogenic residues
and/or organic waste fractions with a gas production
device (100), the gas production device (100) com-
prising:

a fuel conversion reactor (1a, 1b), which is an
updraft gasification reactor (1a) or a pyrolysis
reactor (1b); and

a gas treatment reactor (2) located downstream
the fuel conversion reactor (1a, 1b);

wherein the fuel conversion reactor (1a, 1b) is
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directly connected with the gas treatment reac-
tor (2);

wherein the fuel conversion reactor (1a, 1b)
comprises a space to contain a fuel bed (3)
above a grate (4);

wherein the gas treatment reactor (2) comprises
the following:

a POX zone (12), and

at least one POX nozzle (22) for supplying
an oxidiser into the POX zone (12); and

a gas heating zone (10) fluidic located be-
tween the space to contain the fuel bed (3)
and the POX zone (12);
aheatexchangersection (11, 14)forthe gas
heating zone (10);

wherein the method comprises the following
steps:

Creating aninitial product gas (V1) in the fuel
conversion reactor (1a, 1b);

Heating the initial product gas, which is
created in the fuel conversion reactor (1a,
1b), in the gas heating zone (10) before it
enters the POX zone (12), by the heat ex-
changer section (11, 14) by at least 150°C;
Combusting the heated initial productgas in
the gas treatment reactor (2) partially in the
POX zone (12) of the gas treatment reactor
(2) by injecting or supplying an oxidiser
through the POX nozzles (22) into the
POX zone (12).

Gas production device (100) for producing a product
gas with low tar and dust contents from solid bio-
mass, biogenic residues and/or organic waste frac-
tions, the gas production device (100) comprising:

a fuel conversion reactor (1a, 1b), which is an
updraft gasification reactor (1a) or a pyrolysis
reactor (1b); and

a gas treatment reactor (2) located downstream
the fuel conversion reactor (1a, 1b);

wherein the fuel conversion reactor (1a, 1b) is
directly connected with the gas treatment reac-
tor (2);

wherein the fuel conversion reactor (1a, 1b)
comprises a space to contain a fuel bed (3)
above a grate (4);

wherein the gas treatment reactor (2) comprises
the following:

a POX zone (12), and

at least one POX nozzle (22) for supplying
an oxidiser into the POX zone (12); and

a gas heating zone (10) fluidic located be-
tween the space to contain the fuel bed (3)
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and the POX zone (12);
aheatexchangersection (11, 14)forthe gas
heating zone (10);

wherein the gas production device (100) is con-
figured such that:

an initial product gas (VI) is created in the
fuel conversion reactor (1a, 1b); and

the initial product gas, which is created in
the fuel conversion reactor (1a, 1b), is
heated in the gas heating zone (10) before
it enters the POX zone (12), by the heat
exchanger section (11, 14) by at least
150°C; and

the heated initial product gas in the gas
treatment reactor (2) is combusted partially
in the POX zone (12) of the gas treatment
reactor (2) by injecting or supplying an oxi-
diser through at least one POX nozzle (22)
into the POX zone (12).

Method according to claim 1 or device according to
claim 2, wherein

the chemical/physical processes in the gas produc-
tion device (100) are configured such that the tar
contentof afinal product gas (V) downstream the gas
treatment reactor (2) and after the POX zone (12) is
below 5 percent of weight of the tar content of the
initial product gas upstream the gas treatment reac-
tor (2), wherein the temperature in the POX zone (12)
is above 800°C.

Method according to claim 1 or 3 , wherein

the residence time of the product gas in the gas
treatment reactor (2) is above 0.2 seconds, and
preferably below 1 minute, even more preferably
below 10 seconds, and/or

a stoichiometric air ratio of the gas treatment
reactor (2) is between 0.25 and 0.6, and pre-
ferably between 0.35 and 0.5.

Method according to anyone of claims 1 or 3 or 4 or
device according to claim 2 , wherein

the gas treatmentreactor (2) is located above the fuel
conversion reactor (1a, 1b) in a height direction;
and/or wherein the gas treatment reactor (2) is ar-
ranged laterally or angular to the fuel conversion
reactor (1a, 1b).

Method according to anyone of claims 1 or 3to 5 or
device according to anyone of claims 2 or 5, wherein
atarand sootreforming catalystis provided before or
after the POX zone (12) to further improve tar and
soot reforming.

Method according to anyone of claims 1 or 3 to 6,
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wherein the oxidiser injected into the gas treatment
reactor (2) is air or oxygen or an air/steam mixture or
a mixture of these gases.

Method according to anyone of claims 1 or 3to 7 or
device according to anyone of claims 2, 5 or 6,
wherein the method additionally comprises the step
of preheating the oxidiser or the device is additionally
configured to preheat the oxidiser by preheating
means.

Method according to anyone of claims 1 or 3to 8 or
device according to anyone of claims 2, 5, 6 or 8,
wherein the oxidiser injected into the gas treatment
reactor (2) is pre-heated by the reactions in the POX
zone (12).

Method according to anyone of claims 1 or 3to 11 or
device according to anyone of claims 2, 5, 6, 8 or 9,
wherein the gas treatment reactor (2) is insulated in
order to minimise heat losses.

Method according to anyone of claims 1 or 3 to 10,
wherein a temperature in the oxidation zone (7) of a
gasification reactor (1a) is controlled by the addition
of steam or flue gas or a mixture of these gases such
that the temperature is between 800°C and 1100°C,
preferably between 800°C and 999°C.

Method according to anyone of claims 1 or 3 to 11,
wherein at least a part of the fuel bed (3) close to the
bottom of the pyrolysis reactor (1b) is above 450°C
by controlling a temperature of a gas used to heat the
pyrolysis reactor externally.

Method according to anyone of claims 1 or 3 to 12,
wherein

the POX zone (12) of the gas treatment reactor (2)
has or reaches a temperature of more than 800°C,
preferably more than 1000°C, even more preferably
a temperature between 1000°C and 1100°C, if
coupled with an updraft gasification reactor, or even
more preferably between 1,000 and 1,400°C, if
coupled with an updraft pyrolysis reactor.

Patentanspriiche

1.

Verfahren zur Erzeugung eines Produkigases mit
geringen Teer- und Staubgehalten aus fester Bio-
masse, biogenen Riickstanden und/oder organi-
schen Abfallanteilen mit einer Gaserzeugungsvor-
richtung (100),

wobei die Gaserzeugungsvorrichtung (100) Fol-
gendes umfasst:

einen Brennstoffumwandlungsreaktor (1a,
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1b), der ein Updraftvergasungsreaktor (1a)
oder ein Pyrolysereaktor (1b) ist; und
einen Gasbehandlungsreaktor (2), der
stromabwaérts des Brennstoffumwand-
lungsreaktors (1a, 1b) angeordnet ist;

wobei der Brennstoffumwandlungsreaktor (1a,
1b) direkt mit dem Gasbehandlungsreaktor (2)
verbunden ist;

wobei der Brennstoffumwandlungsreaktor (1a,
1b) einen Raum umfasst, um ein Brennstoffbett
(3) Uber einem Rost (4) zu aufzunehmen,;
wobei der Gasbehandlungsreaktor (2) Folgen-
des umfasst:

eine POX-Zone (12), und

mindestens eine POX-Dise (22) zum Zu-
fuhren eines Oxidationsmittels in die POX-
Zone (12); und

eine Gasheizzone (10), die fluidisch zwi-
schen dem Raum, um das Brennstoffbett
(3) aufzunehmen, und der POX-Zone (12)
angeordnet ist;

einen Warmetauscherabschnitt (11, 14) fir
die Gasheizzone (10);

wobei das Verfahren die folgenden Schritte um-
fasst:

Erzeugen eines anfanglichen Produktga-
ses (VI) in dem Brennstoffumwandlungs-
reaktor (1a, 1b);

Aufheizen des anfanglichen Produktgases,
das in dem Brennstoffumwandlungsreaktor
(1a, 1b) erzeugt wird, in der Gasheizzone
(10), bevor es in die POX-Zone (12) eintritt,
durch den Warmetauscherabschnitt (11,
14) um mindestens 150 °C;

Verbrennen des erhitzten anfanglichen
Produktgases im Gasbehandlungsreaktor
(2) teilweise in der POX-Zone (12) des Gas-
behandlungsreaktors (2) durch Einspritzen
oder Zufihren eines Oxidationsmittels
durch die POX-Disen (22) in die POX-Zone
(12).

Gaserzeugungsvorrichtung (100) zum Erzeugen ei-
nes Produktgases mit geringen Teer- und Staubge-
halten aus fester Biomasse, biogenen Rickstanden
und/oder organischen Abfallanteilen, wobei die Gas-
erzeugungsvorrichtung (100) umfasst:

einen Brennstoffumwandlungsreaktor (1a, 1b),
der ein Updraftvergasungsreaktor (1a) oder ein
Pyrolysereaktor (1b) ist; und

einen Gasbehandlungsreaktor (2), der stromab-
warts des Brennstoffumwandlungsreaktors (1a,
1b) angeordnet ist;
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wobei der Brennstoffumwandlungsreaktor (1a,
1b) direkt mit dem Gasbehandlungsreaktor (2)
verbunden ist;

wobei der Brennstoffumwandlungsreaktor (1a,
1b) einen Raum umfasst, um ein Brennstoffbett
(3) Uber einem Rost (4) zu enthalten;

wobei der Gasbehandlungsreaktor (2) Folgen-
des umfasst:

eine POX-Zone (12) und

mindestens eine POX-Dise (22) zum Zu-
fihren eines Oxidationsmittels in die POX-
Zone (12); und

eine Gasheizzone (10), die fluidisch zwi-
schen dem Raum, um das Brennstoffbett
(3) aufzunehmen, und der POX-Zone (12)
angeordnet ist;

einen Warmetauscherabschnitt (11, 14) fir
die Gasheizzone (10);

wobei die Gaserzeugungsvorrichtung (100) der-
art konfiguriert ist, dass:

ein anfangliches Produktgas (VI) in dem
Brennstoffumwandlungsreaktor (1a, 1b) er-
zeugt wird; und

das anfangliche Produktgas, das in dem
Brennstoffumwandlungsreaktor (1a, 1b) er-
zeugt wird, in der Gasheizzone (10), bevor
es in die POX-Zone (12) eintritt, durch den
Warmetauscherabschnitt (11, 14) um min-
destens 150 °C erwarmt wird; und

das erhitzte anfangliche Produktgas in dem
Gasbehandlungsreaktor (2) teilweise in der
POX-Zone (12) des Gasbehandlungsreak-
tors (2) verbrannt wird, indem ein Oxida-
tionsmittel durch mindestens eine POX-Du-
se (22) in die POX-Zone (12) injiziert oder
zugefiihrt wird.

Verfahren gemaf Anspruch 1 oder Vorrichtung ge-
maf Anspruch 2, wobei

die chemischen/physikalischen Prozesse in der
Gaserzeugungsvorrichtung (100) derart konfiguriert
sind, dass der Teergehalt eines Endproduktgases
(V) stromabwarts des Gasbehandlungsreaktors (2)
und nach der POX-Zone (12) unter 5 Gewichtspro-
zent des Teergehalts des anfanglichen Produktga-
ses stromaufwarts des Gasbehandlungsreaktors (2)
liegt, wobei die Temperatur in der POX-Zone (12)
Uber 800 °C liegt.

Verfahren gemaf Anspruch 1 oder 3 , wobei

die Verweilzeit des Produktgases im Gasbe-
handlungsreaktor (2) tber 0,2 Sekunden, vor-
zugsweise unter 1 Minute, noch bevorzugter
unter 10 Sekunden liegt, und/oder
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ein stochiometrisches Luftverhaltnis des Gas-
behandlungsreaktors (2) zwischen 0,25 und
0,6, vorzugsweise zwischen 0,35 und 0,5, liegt.

Verfahren gemaR einem der Anspriche 1 oder 3
oder 4 oder Vorrichtung gemaf Anspruch 2, wobei
der Gasbehandlungsreaktor (2) in einer Hohenrich-
tung tber dem Brennstoffumwandlungsreaktor (1a,
1b) angeordnet ist; und/oder wobei der Gasbehand-
lungsreaktor (2) seitlich oder winklig zu dem Brenn-
stoffumwandlungsreaktor (1a, 1b) angeordnet ist.

Verfahren gemaf einem der Anspriiche 1 oder 3 bis
5 oder Vorrichtung geman Anspruch 2 oder 5, wobei
ein Teer- und Rureformierungskatalysator vor oder
nach der POX-Zone (12) bereitgestellt wird, um die
Teer- und Ruf3reformierung weiter zu verbessern.

Verfahren gemaf einem der Anspriiche 1 oder 3 bis
6, wobei das in den Gasbehandlungsreaktor (2) ein-
gespritzte Oxidationsmittel Luft oder Sauerstoff oder
ein Luft/Dampf-Gemisch oder ein Gemisch dieser
Gase ist.

Verfahren geman einem der Anspriiche 1 oder 3 bis
7 oder Vorrichtung gemaf einem der Anspriiche 2, 5
oder 6, wobei das Verfahren zusatzlich den Schritt
des Vorwarmens des Oxidationsmittels umfasst
oder die Vorrichtung zusétzlich konfiguriert ist, um
das Oxidationsmittel durch Vorwarmmittel vorzuwar-
men.

Verfahren gemaf einem der Anspriche 1 oder 3 bis
8 oder Vorrichtung gemaf einem der Anspriiche 2, 5,
6 oder 8, wobei das in den Gasbehandlungsreaktor
(2) eingespritzte Oxidationsmittel durch die Reaktio-
nen in der POX-Zone (12) vorgewarmt wird.

Verfahren gemaf einem der Anspriche 1 oder 3 bis
11 oder Vorrichtung gemaR einem der Ansprtiche 2,
5, 6, 8 oder 9, wobei der Gasbehandlungsreaktor (2)
isoliert ist, um Warmeverluste zu minimieren.

Verfahren nach einem der Anspriiche 1 oder 3 bis 10,
wobei eine Temperatur in der Oxidationszone (7)
eines Vergasungsreaktors (1a) durch Zugabe von
Dampf oder Rauchgas oder einer Mischung dieser
Gase so geregelt wird, dass die Temperatur zwi-
schen 800 °C und 1100 °C, vorzugsweise zwischen
800 °C und 999 °C liegt.

Verfahren nach einemder Anspriiche 1 oder 3 bis 11,
wobei zumindest ein Teil des Brennstoffbetts (3) in
der Nahe des Bodens des Pyrolysereaktors (1b)
Uber 450 °C liegt, indem eine Temperatur eines
Gases gesteuert wird, das verwendet wird, um
den Pyrolysereaktor extern zu beheizen.
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13. Verfahren gemaf einem der Anspriiche 1 oder 3 bis

12, wobei

die POX-Zone (12) des Gasbehandlungsreaktors
(2) eine Temperatur von mehr als 800 °C, bevorzugt
mehr als 1000 °C, noch bevorzugter eine Tempera-
tur zwischen 1000 °C und 1100 °C, wenn sie mit
einem Updraftvergasungsreaktor gekoppeltist, oder
noch bevorzugter zwischen 1000 und 1400 °C, wenn
sie mit einem Updraftpyrolysereaktor gekoppelt ist,
aufweist oder erreicht.

Revendications

Procédé de production d’'un produit gazeux a faible
teneur en goudron et en poussiére a partir de bio-
masse solide, de résidus biogenes et/ou de fractions
de déchets organiques a l'aide d'un dispositif de
production de gaz (100),

le dispositif de production de gaz (100) comprend :

un réacteur de conversion de combustible (1a,
1b), qui est un réacteur de gazéification a cou-
rant ascendant (1a) ou un réacteur de pyrolyse
(1b) ; et

unréacteur de traitementde gaz (2) situé en aval
du réacteur de conversion de combustible (1a,
1b);

dans lequel le réacteur de conversion de
combustible (1a, 1b) est directement connecté
au réacteur de traitement de gaz (2) ;

dans lequel le réacteur de conversion de
combustible (1a, 1b) comprend un espace des-
tiné a contenir un lit de combustible (3) au-des-
sus d’'une grille (4) ;

dans lequel le réacteur de traitement de gaz (2)
comprend les éléments suivants :

une zone POX (12), et

au moins une buse POX (22) pour fournirun
oxydant dans la zone POX (12) ; et

une zone de chauffage de gaz (10) située
fluidiquement entre 'espace contenant le lit
de combustible (3) et la zone POX (12) ;
une section d’échangeurde chaleur (11, 14)
pour la zone de chauffage de gaz (10) ;
dans lequel le procédé comprend les éta-
pes suivantes :

création d'un gaz produit initial (VI)
dans le réacteur de conversion de
combustible (1a, 1b) ;

chauffer le gaz produit initial, créé dans
le réacteur de conversion de combus-
tible (1a, 1b), dans la zone de chauf-
fage de gaz (10) avant qu’il n’entre
dans la zone POX (12), par la section
de I'échangeur de chaleur (11, 14) d’au
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moins 150°C ;

combustion du gaz produit initial
chauffé dans le réacteur de traitement
de gaz (2) partiellement dans la zone
POX (12) du réacteur de traitement de
gaz (2) en injectant ou en fournissant
un oxydant par les buses POX (22)
dans la zone POX (12).

Dispositif de production de gaz (100) pour produire
un gaz a faible teneur en goudron et en poussiére a
partir de biomasse solide, de résidus biogénes et/ou
de fractions de déchets organiques, le dispositif de
production de gaz (100) comprenant :

un réacteur de conversion de combustible (1a,
1b), qui est un réacteur de gazéification a cou-
rant ascendant (1a) ou un réacteur de pyrolyse
(1b) ; et

unréacteurde traitementde gaz (2) situé en aval
du réacteur de conversion de combustible (1a,
1b);

dans lequel le réacteur de conversion de
combustible (1a, 1b) est directement connecté
au réacteur de traitement de gaz (2) ;

dans lequel le réacteur de conversion de
combustible (1a, 1b) comprend un espace des-
tiné a contenir un lit de combustible (3) au-des-
sus d’une grille (4) ;

dans lequel le réacteur de traitement de gaz (2)
comprend les éléments suivants :

une zone POX (12), et

aumoins une buse POX (22) pour fournirun
oxydant dans la zone POX (12) ; et

une zone de chauffage de gaz (10) située
fluidiquement entre I'espace contenant le lit
de combustible (3) et la zone POX (12) ;
une section d’échangeur de chaleur (11, 14)
pour la zone de chauffage de gaz (10) ;
dans lequel le dispositif de production de
gaz (100) est configuré de telle sorte que
un gaz produit initial (VI) est créé dans le
réacteur de conversion de combustible (1a,
1b) ; et

le gaz produit initial, qui est créé dans le
réacteur de conversion de combustible (1a,
1b), est chauffé dans la zone de chauffage
degaz(10)avantd’entrerdanslazone POX
(12), par la section de I'échangeur de cha-
leur (11, 14) d’au moins 150°C ; et

le gaz produitinitial chauffé dans le réacteur
de traitement de gaz (2) est partiellement
brdlé dans la zone POX (12) du réacteur de
traitement de gaz (2) par l'injection ou la
fourniture d’un oxydant a travers au moins
une buse POX (22) dans la zone POX (12).
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Le procédé selon la revendication 1 ou dispositif
selon la revendication 2, dans lequel

les processus chimiques/physiques dans le dispo-
sitif de production de gaz (100) sont configurés de
telle sorte que la teneur en goudron d’un gaz produit
final (V) en aval du réacteur de traitement de gaz (2)
etapreslazone POX (12) estinférieure a 5 pour cent
du poids de lateneuren goudron du gaz produitinitial
en amont du réacteur de traitement de gaz (2), la
température dans lazone POX (12) étant supérieure
a 800°C.

Le procédé selon larevendication 1 ou 3, danslequel

le temps de séjour du gaz produit dans le réac-
teur de traitement de gaz (2) est supérieur a 0,2
seconde, et de préférence inférieur a 1 minute,
de préférence encore inférieur a 10 secondes,
et/ou

le rapport d’air stoechiométrique dans le réac-
teur de traitement de gaz (2) est compris entre
0,25 et 0,6, et de préférence entre 0,35 et 0,5.

Le procédé selon I'une des revendications 1 ou 3 ou
4 ou dispositif selon la revendication 2, dans lequel
le réacteur de traitement de gaz (2) est situé au-
dessus du réacteur de conversion de combustible
(1a, 1b)dansle sens de la hauteur ; et/ou dans lequel
le réacteur de traitement de gaz (2) est disposé
latéralement ou angulairement par rapport au réac-
teur de conversion de combustible (1a, 1b).

Le procédé selon I'une des revendications1Tou3a5
ou dispositif selon les revendications 2 ou 5, dans
lequel un catalyseur de reformage des goudrons et
des suies est fourni avant ou aprés la zone POX (12)
pour améliorer encore le reformage des goudrons et
des suies.

Le procédé selonl'une des revendications 1ou3 a6,
dans lequel l'oxydant injecté dans le réacteur de
traitement de gaz (2) est de l'air ou de I'oxygéne
ou un mélange air/vapeur ou un mélange de ces gaz.

Le procédé selon I'une des revendications1ou3a7
ou dispositif selon 'une des revendications 2, 5 ou 6,
dans lequel le procédé comprend en outre 'étape de
préchauffage del'oxydantoule dispositif esten outre
configuré pour préchauffer 'oxydant par des moyens
de préchauffage.

Le procédé selon I'une des revendications 1Tou3a 8
ou dispositif selon 'une des revendications 2, 5, 6 ou
8, dans lequel 'oxydant injecté dans le réacteur de
traitement de gaz (2) est préchauffé parles réactions
dans la zone POX (12).

10. Leprocédé selonl'une desrevendications 1ou3a11
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ou dispositif selon I'une des revendications 2, 5, 6, 8
ou 9, dans lequel le réacteur de traitement de gaz (2)
est isolé afin de minimiser les pertes de chaleur.

Le procédé selon I'une des revendications 1 ou 3 a
10, dans lequel la température dans la zone d’oxy-
dation (7) d'un réacteur de gazéification (1a) est
contrblée par'ajoutde vapeur ou de gaz de combus-
tion ou d’'un mélange de ces gaz de maniere que la
température soit comprise entre 800°C et 1100°C,
de préférence entre 800°C et 999°C.

Le procédé selon I'une des revendications 1 ou 3 a
11, danslequel au moins une partie du lit de combus-
tible (3) proche du fond du réacteur de pyrolyse (1b)
est supérieure a 450°C en contrélant la température
d’un gaz utilisé pour chauffer le réacteur de pyrolyse
a l'extérieur.

Le procédé selon I'une des revendications 1 ou 3 a
12, dans lequel

la zone POX (12) du réacteur de traitement de gaz
(2) a ou atteint une température supérieure a 800°C,
de préférence supérieure a 1000°C, de préférence
encore une température comprise entre 1000°C et
1100°C, si elle est couplée a un réacteur de gazéi-
fication a courant ascendant, ou de préférence en-
core une température comprise entre 1000 et
1400°C, si elle est couplée a un réacteur de pyrolyse
a courant ascendant.
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Fig. 3
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