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Description
FIELD OF THE INVENTION

[0001] The presentinvention concerns a low-emission
heating apparatus that uses the well-known process of
pyrolysis, also called cracking, or gasification, of a bio-
mass, for example pellets or other materials derived from
wood, to produce heat. The heating apparatus can be
applied in the field of heating spaces, for example do-
mestic or industrial, of public premises, or ones open to
the public, but also in the field of boilers to produce
domestic water and/or to be used in heating systems.

BACKGROUND OF THE INVENTION

[0002] Heating apparatuses are known, commonly
called stoves, which use biomass in an inconsistent form
for fuel, for example formed by chips, pellets or suchlike,
in which combustion occurs thanks to the presence of a
comburent, usually consisting of the oxygen contained in
the ambient air, which is supplied as primary and sec-
ondary air. The primary air is made to enter a brazier to
fuel the combustion of the biomass after the latter has first
been ignited.

[0003] When operating at steady state, pyrolysis oc-
curs during combustion, that is, the physical and chemi-
cal decomposition process of the combustible biomass,
caused by it being heated to temperatures between
about 300°C and about 600°C.

[0004] As is known, pyrolysis decomposes biomass
into two parts: one gaseous and one solid. The gaseous
part consists of a flammable mixture of gases, such as
mainly carbon monoxide, hydrogen and methane, and a
condensable compound, known to persons of skill in the
art by the acronym TAR, while the solid part substantially
consists of coal, known also by the term CHAR.

[0005] The mixture of gases derived from pyrolysis,
which in this field is called "syngas", is ignited by ignition,
and with the introduction of secondary air completes the
combustion of the biomass, generating heat and a flame.
[0006] Known stoves, which are based on the pyrolysis
process, have a brazier in which the biomass can be
loaded, which can then be ignited. Primary air can be
introduced into the brazier to create a so-called "flame
cap" above the biomass.

[0007] When the stove is working, the heat of the
combustion descends into the brazier in proximity to
the still non-combusted biomass and causes the pyroly-
sis thereof. Then, to complete the combustion, second-
ary air is introduced into the brazier which ignites the
combustible gases resulting from pyrolysis.

[0008] However, these known stoves have a series of
disadvantages such as, for example, poor performance,
poor versatility of use, difficult management of the power
and speed of production of the combustible gases and
discontinuous operation.

[0009] Infact, the combustion process occurs until the
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loaded biomass is completely consumed by the pyrolysis
process. When this process ends, because the biomass
is finished, itis necessary to reload more biomass into the
brazier and then restart the process by means of a new
ignition. It is therefore quite clear that these operations
require the intervention of an operator.

[0010] In addition, the introduction into the brazier of
ambient air, having an oxygen component of approxi-
mately 23.3% by weight, contributes to a high production
of polluting gases. In fact, biomass also includes nitro-
gen, generally bound with the carbon and hydrogen
atoms present in it, and which, as is known, binds with
the oxygen of the ambient air introduced into the brazier,
producing nitrogen oxides which are very polluting.
[0011] DocumentDE 3718022 C1 is also known, which
describes a biomass-fueled boiler, which comprises a
brazier to contain the biomass, having a plurality of lateral
entry apertures through which a mixture of air and fumes
enters to trigger the pyrolysis of the biomass. Moreover,
the brazier also comprises an exit aperture from which
the combustible gases produced by the pyrolysis of the
biomass exit. In correspondence with the exit aperture
there are also air injection apertures to trigger the com-
bustion of the combustible gases in a combustion cham-
ber disposed directly downstream of the exit aperture of
the brazier. The boiler also comprises a conduit that
connects the combustion chamber disposed directly
downstream of the exit aperture of the brazier to a
post-combustion chamber comprising another air injec-
tion aperture to trigger the post-combustion of the fumes
deriving from the first combustion, which took place in the
combustion chamber disposed directly downstream of
the exit aperture of the brazier.

[0012] Furthermore, in the boiler described in docu-
ment DE 3718022 C1, the pyrolysis of the biomass is
triggered by a mixture of air and fumes the oxygen con-
tent of which also induces the production of nitrogen
oxides, which are very polluting. In fact, for this reason,
the fumes from the combustion of the combustible gases
produced by the pyrolysis of the biomass are conveyed to
the post-combustion chamber to trigger a second com-
bustion with the purpose of reducing the nitrogen oxides.
[0013] Lastly, the boiler described in document DE
3718022 C1 is fed in batches, that is, before inserting
anew biomass into the brazieritis necessary to terminate
the decomposition of the biomass already present inside
and then to empty it, so it is particularly difficult to control
and regulate the combustion.

[0014] Document WO 2014/064300 A1 is also known,
which describes a vertical biomass-fueled boiler, with
which comprises a first chamber into which the biomass
is introduced from the top to the bottom, in the opposite
direction with respect to a flow of primary air which is
introduced into the first chamber from the bottom to the
top. Inthe first chamber, that s, in the environment where
the biomass is introduced, afirst partial combustion of the
biomass takes place with the primary air that can consist
of a mixture of fumes and air arriving from the external
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environment. The boiler of document WO 2014/064300
A1 also comprises a second chamber disposed directly
above the first chamber to receive the fumes produced by
the first combustion. Secondary air is introduced into the
second chamber to complete the combustion of the
fumes produced by the first partial combustion. In this
case too, the second chamber is configured as a post-
combustion chamber in which the combustion of the
fumes produced in the first chamber is completed.
Furthermore, it is also known that the introduction of
biomass and primary air in opposite directions does
not allow to completely separate the volatile components
of the biomass and, therefore, the fumes generated by
combustion from the first combustion chamber have a
high polluting TAR content.

[0015] The document FR 2 752 915 A1 also shows a
related heating apparatus.

[0016] There is therefore a need to provide a new and
original heating apparatus that can overcome at least
one, better all, the disadvantages of the state of the art.
[0017] One purpose of the present invention is to pro-
vide a heating apparatus that produces reduced pollutant
emissions into the environment.

[0018] Another purpose of the present invention is to
provide a heating apparatus that allows to regulate both
the production speed of the combustible gases and also
the calorific power generated.

[0019] Another purpose of the present invention is to
provide a heating apparatus which also allows to obtain a
continuous operation, that is, without interruptions and
which, moreover, can be easily automated at least to
allow automatic start up and switch off.

[0020] The Applicant has devised, tested and embo-
died the present invention to overcome the shortcomings
of the state of the art and to obtain these and other
purposes and advantages.

SUMMARY OF THE INVENTION

[0021] The present invention is set forth and charac-
terized in the independent claims.

[0022] The dependent claims describe other charac-
teristics of the present invention.

[0023] Inaccordance with the above purposes, a heat-
ing apparatus which overcomes the limits of the state of
the art and eliminates the defects present therein, com-
prises a brazier configured to receive a biomass which
functions as fuel and a first comburent and suitable to
thermally decompose the biomass and produce at least
one combustible gas.

[0024] According to the present invention, the brazier
is of the type substantially closed with respect to the
external environmentand comprises afirstentry aperture
connected to an injection device configured to introduce,
in a controlled, automatic, continuous and adjustable
way, the biomass into the brazier, a second entry aperture
for the first comburent to enter and an exit aperture for the
at least one combustible gas to exit, the exit aperture
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being disposed at a lower level than the one at which at
least the second entry aperture is positioned.

[0025] According to the present invention, the entry
apertures of the brazier are disposed at a higher level
than the one at which the exit aperture is positioned, in
such away thatthe first comburent and the biomass enter
the brazier with a concordant direction, from the top
downward, and toward the exit aperture.

[0026] According to another aspect of the present in-
vention, the heating apparatus also comprises a com-
bustion chamber which is autonomous with respectto the
brazier and has its own entry aperture configured to
receive the combustible gas, and conveyor means inter-
posed between the brazier and the entry aperture of the
combustion chamber in order to convey the at least one
combustible gas into the combustion chamber.

[0027] According to another aspect of the present in-
vention, the heating apparatus also comprises a control
unit configured to control the injection device in order to
adjust the flow rate of the biomass introduced into the
brazier.

[0028] According to another aspect of the present in-
vention, the entry aperture of the combustion chamber is
configured to receive a second comburent from the ex-
ternal environment. The apparatus also comprises both
recirculation means to convey and/or draw the first com-
burent from the combustion chamber and convey the
latter into the brazier, and also a fan connected to an
evacuation aperture of the combustion chamber and
configured to force the second comburent from the ex-
ternal environment toward the inside of the combustion
chamber.

[0029] According to another aspect of the present in-
vention, a heating method using the heating apparatus
according to the invention comprises the following steps:

- providing the brazier;

- introducing, into the brazier, both the biomass and
also the first comburent in order to thermochemically
decompose the biomass and produce the at least
one combustible gas.

[0030] According to another aspect of the present in-
vention, the heating method also comprises the following
steps:

- providing a combustion chamber autonomous with
respect to the brazier;

- conveying the combustible gas into the combustion
chamber; and

- drawing a second comburent from the external en-
vironment and conveying it into the combustion
chamber; and

- igniting the combustible gas in order to develop heat
by means of a flame.

[0031] According to another aspect of the present in-
vention, the heating method also comprises the following
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steps:

- drawing, from the combustion chamber, a first part of
the fumes produced by the flame and introducing it
into the brazier, whereby the first part of the fumes
constitutes the first comburent; and

- drawing a second part of the fumes from the com-
bustion chamber in order to evacuate it into the
external environment.

[0032] According to another aspect of the present in-
vention, the biomass is introduced into the brazier in a
substantially continuous way.

[0033] According to the present invention, at least the
first comburent is introduced into the brazier from the top
downward.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and other aspects, characteristics and
advantages of the present invention will become appar-
ent from the following description of some embodiments,
given as a non-restrictive example with reference to the
attached drawings wherein:

- fig. 1is a schematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a first embodiment;

- fig. 2is a schematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a second embodiment;

- fig. 3is a schematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a third embodiment;

- fig.4is aschematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a fourth embodiment;

- fig. 5is a schematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a variant of the third embodiment;

- fig. 6is aschematic block representation of a heating
apparatus according to the present invention in ac-
cordance with a variant of the fourth embodiment;

- fig. 7isasection lateral view of the heating apparatus
of fig. 1;

- fig. 8 is a section along the line VIII-VIII of fig. 7;

- fig. 9 is a three-dimensional view of the heating
apparatus of fig. 1, taken from the rear;

- fig. 10 is a three-dimensional view similar to that of
fig. 9, but partly exploded;

- fig. 11is a block electrical diagram of a control circuit
of the heating apparatus of fig. 1.

[0035] We must clarify that in the present description
and in the claims the term vertical, with its declinations,
has the sole function of better illustrating the present
invention with reference to the drawings and must not
be in any way used to limit the scope of the present
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invention itself, or the field of protection defined by the
attached claims. For example, by the term vertical we
mean an axis or a plane that can be either perpendicular
to the line of the horizon, or inclined, even by several
degrees, for example up to 20°, with respect to the latter.
[0036] Furthermore, the people of skill in the art will
recognize that certain sizes or characteristics in the
drawings may have been enlarged, deformed, or shown
in an unconventional or non-proportional way in order to
provide a version of the present invention that is easier to
understand. When sizes and/or values are specified in
the following description, the sizes and/or values are
provided for illustrative purposes only and must not be
construed as limiting the scope of protection of the pre-
sent invention, unless such sizes and/or values are pre-
sent in the attached claims.

[0037] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is
understood that elements and characteristics of one
embodiment can be conveniently combined or incorpo-
rated into other embodiments without further clarifica-
tions.

DESCRIPTION OF SOME EMBODIMENTS OF THE
PRESENT INVENTION

[0038] With reference to fig. 1, a heating apparatus 10
according to the present invention is of the pyrolysis type
and, in accordance with a first embodiment, comprises
thermochemical decomposition means M1 configured to
receive a biomass C which functions as fuel and a first
comburent F1, as will be explained below.

[0039] The thermochemical decomposition means M1
are suitable to thermally decompose the biomass C and
produce, by means of pyrolysis, combustible gases S, for
example consisting mainly of methane, hydrogen, car-
bon monoxide.

[0040] The heating apparatus 10 also comprises a
combustion chamber 20 configured to receive both a
second comburent A, different from the first comburent
F1, and also the combustible gases S. The combustion
chamber 20 is suitable to develop heat by means of a
flame, fed by the combustible gases S and which pro-
duces fumes F, as will be explained below.

[0041] Furthermore, the heating apparatus 10, in ac-
cordance with one aspect of the present invention, com-
prises both conveyor means M2 interposed between the
thermochemical decomposition means M1 and the com-
bustion chamber 20 to convey the combustible gases S
toward the latter, and also recirculation means M3 to
convey at least a first part F1 of the fumes F, which
constitutes the first comburent, from the combustion
chamber 20 to the thermochemical decomposition
means M1.

[0042] Furthermore, the heating apparatus 10 com-
prises heat exchange means M4, associated with the
recirculation means M3 and configured to heat the sec-
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ond comburent A, using the heat contained in the first
comburent F1 before the second comburent A reaches
the combustion chamber.

[0043] Hereafter, with reference to figs. 1 and from 7 to
11, the first embodiment of the heating apparatus 10 is
described in more detail.

[0044] The thermochemical decomposition means M1
comprise a brazier 11 substantially closed with respect to
the external environment and delimited by four lateral
walls 12 and one upper wall 13. Furthermore, the brazier
11 is delimited at the bottom by a metal plate 14 provided
with at least one exit aperture 15.

[0045] The exit aperture 15 of the brazier 11 is also
configured to allow the combustible gases S to exit and
the burnt and/or thermochemically decomposed bio-
mass C to be discharged from the brazier 11.

[0046] The metal plate 14 can be selectively remova-
ble or openable, in any known way, to allow access to the
brazier 11 from below, for example to carry out mainte-
nance or cleaning thereof.

[0047] Furthermore, the brazier 11 has an entry aper-
ture 16 for the biomass C to be introduced, comprising,
forexample, inconsistent wooden material such as chips,
pellets or suchlike, and an entry aperture 18 from which
the first comburent F1, which is of the aeriform type, can
enter.

[0048] It should also be noted that according to the
invention the brazier 11 does not have any apertures that
allow the comburent air to enter directly from the external
environment.

[0049] The entry apertures 16 and 18 of the brazier 11
are disposed in the upper part of the latter, that is, at a
higher level than the one at which the exit aperture 15 is
located. This configuration allows to introduce the bio-
mass C and the first comburent F1 from the top down-
ward.

[0050] It should be noted that the reciprocal position of
the first aperture 16 and of the second aperture 18 may
vary compared to that shown in the drawings, so that, for
example, one or both can be disposed laterally, or one at
a different level from the other.

[0051] In an alternative embodiment, not shown in the
drawings and not according to the invention, the first
aperture 16 of the brazier 11 can be disposed substan-
tially level with the lower part thereof. In this configuration,
the biomass C can be introduced into the brazier 11 from
the bottom upward, or, alternatively, laterally, that is, in a
substantially horizontal way. For example, the first aper-
ture 16 can be disposed substantially level with the metal
plate 14, in order to introduce the biomass C directly
above the latter.

[0052] Furthermore, inside the brazier 11 there is an
ignition device 19, configured to selectively trigger the
combustion of the biomass C, for example when the
heating apparatus 10 is switched on.

[0053] In the embodiment shown here, the ignition
device 19 comprises an electrical resistance disposed
in a lower zone of a lateral wall 12, that is, close to the
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metal plate 14, for example in the same lateral wall 12 in
which the first entry aperture 16 is made.

[0054] The ignition device 19 can be sized so as to
come into contact, during use, with the biomass C pre-
sentin the brazier 11. Alternatively, the ignition device 19
can be configured to ignite the biomass C indirectly, that
is, by heating the air in contact with the latter.

[0055] The combustion chamber 20 is substantially
closed and is in fluidic communication with the brazier
11 by means of a conveyor compartment 21, which is
preferably hermetically sealed. In particular, the con-
veyor compartment 21 is interposed between the lower
part of the brazier 11 and the lower part of the combustion
chamber 20. Alternatively, the conveyor compartment 21
can be replaced by one or more conduits.

[0056] We must clarify that the combustible gas S
exiting the exit aperture 15 of the brazier 11 flows directly
into the conveyor means M2. The combustible gas S
exiting the exit aperture 15 of the brazier 11 flows directly
into the conveyor compartment 21, which defines the
conveyor means M2.

[0057] We must also clarify that, in accordance with
one aspectofthe presentinvention, the brazier 11 and the
combustion chamber 20 are autonomous, separated
from each other and connected in a fluidic way by means
of the conveyor compartment 21.

[0058] According to one aspect of the invention, the
combustion chamber 20 is fluidically connected with the
comburent entry aperture 18 of the brazier 11.

[0059] Inparticular,inthe embodimentdescribed here,
the combustion chamber 20 is delimited by two lateral
walls 22, by one upper wall 23, by one front wall 24, for
example able to be opened, which functions as closing
door, by one rear wall 25 and by one lower wall 26.
[0060] One or more recirculation apertures 27 are
made on an upper part of the rear wall 25, each commu-
nicating with an upper end of a respective recirculation
conduit 28, which is outside the combustion chamber 20
and has a lower end which, by means of a manifold 43, is
connected to the intake of a first fan 29, the delivery of
which is fluidically connected to the second entry aper-
ture 18 of the brazier 11.

[0061] In addition or alternatively, the recirculation
apertures 27 can be made in other walls of the combus-
tion chamber 20.

[0062] Preferably, the recirculation conduits 28 are
substantially parallel to each other and to the rear wall
25, and also detached from each other and from the rear
wall 25, for example by between 1 and 3 cm.

[0063] The heating apparatus 10 also comprises a
containing body 32, substantially box-shaped, on which
two feed apertures 31 are made, which are in commu-
nication with the outside and through which the second
comburent A can enter.

[0064] The containing body 32 is attached on the ex-
ternal surface of the rear wall 25 of the combustion
chamber 20 creating, in cooperation with the latter, a
containing compartment V in which the recirculation con-
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duits 28 are disposed.

[0065] An entry aperture 33 is made in the bottom wall
26 of the combustion chamber 20, substantially in a
central zone thereof, in said entry aperture 33 there being
positioned a nozzle 30 having, in the example given here,
a central conduit 34 disposed along a longitudinal axis X,
substantially vertical, and a series of lateral through holes
35, which substantially lie on a substantially horizontal
plane P disposed below the lower wall 26. The lateral
holes 35 are in communication with the central conduit
34.

[0066] We must clarify that the conformation and dis-
position of the central conduit 34 and of the lateral holes
35 may differ, even considerably, compared to what is
described here and represented in the attached draw-
ings. For example, instead of the lateral holes 35, an
aperture or a slot (not shown) of any suitable shape and
size can be made.

[0067] The central conduit 34 is in communication with
the conveyor compartment 21 and has the function of
injecting the combustible gases S into the combustion
chamber 20, while the lateral holes 35 have the function
of conveying the second comburent A, coming from the
containing compartment V. In particular, the second part
V2 of the containing compartment V surrounds the por-
tion of the nozzle 30 on which the lateral holes 35 are
made, which are configured to receive the second com-
burent A coming from the second part V2 of the contain-
ing compartment V and to promote the mixing of the
second comburent A with the combustible gases S in
order to promote the combustion of the latter.

[0068] The feed apertures 31 are disposed below the
lower ends of the recirculation conduits 28, that is, sub-
stantially level with the lower part of the combustion
chamber 20.

[0069] Furthermore, a dividing wall, or partition, 37 is
disposed inside the containing body 32, substantially
dividing the containing compartment V into two parts,
that is, into a first part V1, in which the recirculation
conduits 28 are disposed, and into a second part V2,
which laps both the rear wall 25 and also the lower wall 26
of the combustion chamber 20.

[0070] The first part V1 and the second part V2 of the
containing compartment V are in communication with
each other in correspondence with the upper part of
the partition 37 which, preferably, is disposed in corre-
spondence with the upper ends of the recirculation con-
duits 28, that is, where the latter are connected to the
respective recirculation apertures 27.

[0071] Therefore, during use, the second comburent A
enters from the feed apertures 31, passes through the
firstpartV1 of the containing compartmentVand heats up
in contact with the recirculation conduits 28, until it
reaches the top of the partition, 37. Then, the second
comburent A enters the second part V2 of the containing
compartmentV from above and passes throughitall, until
itreaches the lateral holes 35 of the nozzle 30, lapping the
rear wall 25 of the combustion chamber 20, heating up
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further.

[0072] It should be noted that, thanks to this conforma-
tion, the containing body 32, in cooperation with the
recirculation conduits 28 and the walls 25 and 27 of
the combustion chamber 20, constitutes a counter-cur-
rent heat exchanger, which corresponds to the heat ex-
change means M4 as above.

[0073] Furthermore, on each of the lateral walls 22 (fig.
8) of the combustion chamber 20 there are evacuation
apertures 36, to each of which a respective evacuation
pipe 38 is connected, outside the combustion chamber
20 and substantially vertical.

[0074] Eachevacuation pipe 38isfluidically connected
to an evacuation chamber 40, in turn connected to the
intake of a second fan 39 (fig. 7), the delivery of which
communicates with the outside of the apparatus 10.
[0075] The heating apparatus 10 can optionally also
comprise an external containing structure 41, substan-
tially in the shape of a parallelepiped and comprising a
second compartment 42, inside of which there are dis-
posed, with ample clearance, both the evacuation pipes
38 and also at least a part of the combustion chamber 20,
of the conveyor compartment 21 and of the evacuation
chamber 40.

[0076] The external structure 41 has, in its lower part,
an entry aperture 47, to which a third fan 45 is connected
in order to selectively introduce ambient air R into the
second compartment 42, and in its upper part an exit
aperture 44 from which the same air R can exit in contact
with the evacuation pipes 38.

[0077] The heating apparatus 10 also comprises an
injection device 46, of any type known per se, to introduce
the biomass C into the brazier 11 in a controlled way,
whether intermittently or continuously.

[0078] Inthe example provided here, the injection de-
vice 46 comprises a container 48, substantially in the
shape of a hopper, containing a biomass C load and an
associated metering device 49, of a type known per se,
having an exit connected to the entry aperture 16 of the
brazier 11 and configured to meter the quantity of bio-
mass C introduced into the brazier 11 in a way that is
selective and proportional to certain electrical signals,
under the control of a control unit 50 (fig. 11), as will be
described in detail below.

[0079] Therefore, the biomass Clies in an autonomous
and separate environment with respect to the brazier 11,
and it is introduced therein in a selective, automatic and
substantially continuous way by the injection device 49.
[0080] The metering device 49 (fig. 7) is of the type
which comprises a rotating element 51 provided with
radial blades 52 and connected to an electric motor 53
(fig. 11) controlled by the control unit 50. With each
rotation, even partial, of the rotating element 51, a certain
quantity of biomass C is introduced into the brazier 11, by
means of an introduction conduit 54.

[0081] Itis therefore clear that the quantity of biomass
Cintroduced into the brazier 11, in a given unitoftime, isa
function of the rotation speed of the rotating element 51
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(fig. 7).

[0082] In other embodiments, not shown in the draw-
ings, the metering device 49 can comprise an auger.
[0083] The injection device 46 allows to introduce the
biomass C into the brazier 11 in an automatic, controlled
and continuous way, so as to allow to adjust the flow rate
of biomass C introduced into the brazier 11.

[0084] The heating apparatus 10 also comprises a
sensor 58 (figs. 7 and 11), also of a type known per se
and for example consisting of a lambda probe, which is
suitable to detect the quantity of oxygen present in the
environment which surrounds it. In the example provided
here, the sensor 58 is positioned downstream of the
combustion chamber 20 and in particular inside the eva-
cuation chamber 40.

[0085] In other embodiments, the sensor 58 can be
disposed inside the evacuation pipes 38 and/or inside the
recirculation conduits 28 in order to detect the quantity of
oxygen in the fumes F.

[0086] Thesensor58isconnected tothe controlunit50
and it is configured to transmit to the latter an electrical
signal SP proportional to the quantity of oxygen detected
by it.

[0087] The control unit 50 is configured to also control
the first fan 29 and the second fan 39, and possibly also
the third fan 45.

[0088] In addition, the control unit 50 is configured to
command the operation of the recirculation means M2 in
order to adjust the flow rate of the first comburent F1, and
to command the operation of the injection device 46 in
order to control the flow rate of the biomass C introduced
into the brazier 11.

[0089] In particular, the control unit 50 can control the
rotation speed of the first fan 29 and consequently the
flow rate of the first comburent F1, the rotation speed of
the second fan 39 and consequently the flow rate of the
second comburent A, and the rotation speed of the
rotating element 51 of the metering device 49 and con-
sequently the flow rate of biomass C into the brazier 11.
[0090] In other embodiments not shown in the draw-
ings, an element made of thermoconductive material, for
example ceramic, can be attached at least to the lateral
walls 22 of the combustion chamber 20, in order to
increase the thermal inertia.

[0091] In other embodiments not shown in the draw-
ings, one or more pipes for circulating water can be
associated with at least the lateral walls 22 of the com-
bustion chamber 20.

[0092] With reference to fig. 2, in a second embodi-
ment, a heating apparatus 100 can comprise all the
components of the heating apparatus 10 described
above, except the heat exchange means M4. In this
embodiment, the heating apparatus 100 can also com-
prise a second ignition device, not shown in the drawings,
disposed substantially in proximity to the nozzle 30 and
configured to trigger the combustion of the combustible
gases S.

[0093] Withreference tofig. 3, in a thirdembodiment, a
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heating apparatus 200 can comprise all the components
of the heating apparatus 10 described above, except the
heat exchange means M4 and the first fan 29.

[0094] Also in this embodiment, the heating apparatus
200 can also comprise a second ignition device, not
shown in the drawings, disposed substantially in proxi-
mity to the nozzle 30 and configured to trigger the com-
bustion of the combustible gases S.

[0095] With reference to fig. 4, in a fourth embodiment,
a heating apparatus 300 can comprise all the compo-
nents of the heating apparatus 10 described above,
except the first fan 29.

[0096] It should be noted that, in the third and fourth
embodiments, the heating apparatus 200, 300 only com-
prises the second fan 39, connected to the combustion
chamber 20in orderto draw the fumes F generated inside
the latter.

[0097] Furthermore, in the third and fourth embodi-
ments, a conduit connected downstream of the second
fan 39 can be connected to the brazier 11 in order to
function as a recirculation mean M3 to convey a first part
F1 of the fumes F, which functions as a first comburent.
[0098] In other possible variants of the third and fourth
embodiments, the conduit described above, which func-
tions as a recirculation mean M3, can be disposed up-
stream of the second fan 39 and downstream of the
combustion chamber 20 (figs. 5 and 6).

[0099] The operation of the heating apparatus 10 de-
scribed heretofore, which corresponds to the method
according to the present invention, comprises the follow-
ing steps.

[0100] When the heating apparatus 10 is started, the
control unit50 drives the injection device 46 to introduce a
certain quantity of biomass C into the brazier 11 and the
ignition device 19 to ignite the biomass C in the brazier 11.
[0101] Furthermore, the control unit 50 drives the first
fan 29 which takes a first comburent F1 from the combus-
tion chamber 20 and introduces it into the brazier 11. We
wish to clarify that, at start-up, substantially ambient airis
present inside the combustion chamber 20.

[0102] The controlunit50 also drives the second fan 39
which draws the second comburent A from the external
environment, through the feed apertures 31, and intro-
duces the latter into the combustion chamber 20 through
its entry aperture 33.

[0103] In this start-up step, the combustion between
the biomass C inside the brazier 11 and the first combur-
ent F1, which hereafter will be referred to as start-up
combustion, is substantially of the reverse flame type,
also called downdraft by the people of skill in the art, that
is, by introducing the first comburent F1 into the brazier 11
from the top downward, in such a way that it passes, in
this direction, through the biomass C disposed, during
use, in the brazier 11 and consequently generating a
flame which is also directed from the top downward,
and fumes.

[0104] Thefumes produced by the start-up combustion
are conveyed into the combustion chamber 20 by means
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of the conveyor compartment 21, thanks to the draw
provided by the first fan 29 which, subsequently, re-
introduces them into the brazier 11. Therefore, in this
step, the first comburent F1 consists of a first part of the
start-up combustion fumes.

[0105] In particular, a first part F1 of the start-up com-
bustion fumes is drawn by the first fan 29 by means of the
first recirculation apertures 27 and is re-introduced into
the brazier 11 from its second aperture 18, functioning as
first comburent F1, and a second part F2 of the start-up
combustion fumes is drawn in by the second fan 39 by
means of the evacuation apertures 36 and is expelled
from the heating apparatus 10.

[0106] After a certain period of time, a steady state
operating condition is reached, in which the first combur-
ent F1 has a temperature and quantity of oxygen suitable
to trigger the process of pyrolysis of the biomass C
present in the brazier 11.

[0107] At this point, the first comburent F1 introduced
into the brazier 11 is suitable to thermochemically decom-
pose the biomass C inside the brazier 11 and produce
combustible gases S.

[0108] It should be noted that the thermochemical
decomposition of the biomass C also substantially occurs
in downdraft, thatis, by introducing the first comburent F1
into the brazier 11 from the top downward, in such a way
that it passes, in this direction, through the biomass C
which is disposed, during use, in the brazier 11. In this
way, the combustible gases S produced by the thermo-
chemical decomposition of the biomass C escape from
the lower portion of the brazier 11.

[0109] This configuration is advantageous in that it
forces the combustible gases S to pass through the
biomass C contained in the brazier 11 and this allows
to separate their volatile components, producing com-
bustible gases S with less TAR.

[0110] Therefore, during steady state operation, itis no
longer the fumes generated by the start-up combustion
that exit from the exit aperture 15 of the brazier 11, but the
combustible gases S generated by the thermochemical
decomposition of the biomass C.

[0111] The method then provides to introduce the com-
bustible gases S into the combustion chamber 20 by
means of the conveyor compartment 21, thanks to the
draw of thefirstfan 29. Infact, we wish to clarify that, when
operating at steady state, only the combustible gases S
pass through the conveyor means M2. In particular, in the
example given here, when operating at steady state, only
the combustible gases S that are introduced into the
combustion chamber 20 pass through the conveyor com-
partment 21

[0112] The method then provides to oxidize, or ignite,
the combustible gases S by means of the second com-
burent A introduced into the combustion chamber 20,
producing a flame, fumes F and developing heat.
[0113] Optionally, the method can provide to heat the
second comburent A, using the heat contained in the first
comburent F1 before the second comburent A reaches
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the combustion chamber 20. This heat exchange is pre-
ferably carried out in countercurrent.

[0114] It should be noted that, in this case, the ignition
of the oxidation, or combustion, or fire, of the combustible
gases S in the combustion chamber 20 occurs only by
means of the "meeting" between the latter and the sec-
ond heated comburent A. This is very advantageous,
since it does not require the presence and use of addi-
tional ignition devices.

[0115] As before, a first part F1 of the fumes F gener-
ated, this time, by the combustion of the combustible
gases S is drawn by the first fan 29 by means of the
recirculation apertures 27 and is reintroduced into the
brazier 11 from its comburent entry aperture 18, function-
ing as a first comburent F1, and a second part F2 of the
fumes F is drawn by the second fan 39 by means of the
evacuation apertures 36 and is expelled from the heating
apparatus 10.

[0116] At this point, the first part F1 of the fumes F, re-
introduced into the brazier 11, and which in fact functions
as first comburent F1, has an oxygen component advan-
tageously comprised between about 7% and about 12%
by volume, which is smaller than that present in the
ambient air. This is particularly advantageous since, by
doing so, an anoxic environment is created in the brazier
11, thatis, lacking in oxygen, which is presentin a quantity
sufficient to react mainly with the carbon present in the
biomass C and generate the combustible gases.
[0117] Therefore, the production of polluting emissions
such as, for example, nitrogen oxides, is significantly
decreased since there is not a sufficient quantity of oxy-
geninthe brazier 11 to bind with the nitrogen comprisedin
the biomass C.

[0118] Furthermore, when operating at steady state,
the first part F1 of the fumes F, the moment it enters the
brazier 11, has a temperature comprised between about
240°C and about 320°C, this is advantageous since at
least part of the CO,, present therein is re-converted into
CO, that is, carbon monoxide, which is combustible.
Another advantage is that the water present in gaseous
phase in the first part F1 of the fumes F in the brazier 11 is
converted into hydrogen, increasing the calorific value of
the combustible gas S.

[0119] The control unit 50 can also control the injection
device 46, the first fan 29 and the second fan 39 on the
basis of the electrical signal received from the sensor 58.
For example, the control unit 50 can modify the flow rate
of the first comburent F1, of the second comburent A
and/or of the biomass C in feedback, until the value
detected by the sensor 58 reaches a predetermined
target value. In fact, it should be noted that the injection
device 46, the first fan 29 and the second fan 39 allow to
manage the flow rate of the first comburent F1, of the
second comburent A and/or of the biomass C in a co-
ordinated way, so as to reduce the polluting emissions of
the heating apparatus 10 and better manage the gen-
eration of heat thereby.

[0120] Optionally, the control unit 50 also drives the
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third fan 45 to generate a flow of ambient air R which
passes into the second compartment 42 in order to ex-
change heat with the evacuation pipes 38, heating up.
[0121] The heatedambientair Risthenconveyedonce
again toward the external environment.

[0122] Itis clear that modifications and/or additions of
parts may be made to the heating apparatus 10 as
described heretofore, without departing from the field
and scope of the present invention as defined by the
claims.

[0123] Itis also clear that, although the present inven-
tion has been described with reference to some specific
examples, a person of skillin the art shall certainly be able
to achieve equivalent forms of heating apparatus 10
within the scope of the present invention as defined in
the claims.

[0124] In the following claims, the sole purpose of the
references in brackets is to facilitate reading and they
must not be considered as restrictive factors with regard
to the field of protection defined by the claims.

Claims

1. Heating apparatus (10, 100, 200, 300), comprising a
brazier (11) configured to receive a biomass (C)
which functions as fuel and a first comburent (F1)
and suitable to thermally decompose said biomass
(C) and produce at least one combustible gas (S),
wherein said brazier (11) is of the type substantially
closed with respect to the external environment,
such that the brazier (11) does not have any aper-
tures that allow the comburent air to enter directly
from the external environment, wherein said brazier
(11) comprises a first entry aperture (16), connected
to an injection device (46) which is configured to
introduce, in a controlled, automatic, continuous
and adjustable way, said biomass (C) into said bra-
zier (11), wherein said brazier (11) comprises a sec-
ond entry aperture (18) for said first comburent (F1)
to enter and an exit aperture (15) for said at least one
combustible gas (S) to exit, said exit aperture (15)
being disposed at a lower level than the one at which
atleast said second entry aperture (18)is positioned,
wherein said first and second entry apertures (16,
18) of said brazier (11) are disposed at a higher level
than that on which said exit aperture (15) is located,
in such a way that said first comburent (F1) and said
biomass (C) enter said brazier (11) from the top
downward and toward said exit aperture (15).

2. Heating apparatus (10, 100, 200, 300) as in claim 1,
which also comprises a combustion chamber (20)
autonomous with respect to said brazier (11) and
having its own entry aperture (33) configured to
receive said combustible gas (S), and conveyor
means (M2) interposed between said brazier (11)
and said entry aperture (33) of said combustion
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chamber (20) in order to convey said at least one
combustible gas (S) into said combustion chamber
(20).

3. Heating apparatus (10, 100, 200, 300) as in any
claim hereinbefore, which also comprises a control
unit (50) configured to control said injection device
(46) in order to adjust the flow rate of said biomass
(C) introduced into said brazier (11).

4. Heating apparatus (10, 100, 200, 300) as in claim 2

or 3, wherein said entry aperture (33) of said com-
bustion chamber (20) is configured to receive a
second comburent (A) from the external environ-
ment and wherein said heating apparatus (10,
100, 200, 300) also comprises both recirculation
means (M3) to convey said first comburent (F1) from
said combustion chamber (20) into said brazier (11),
and also a fan (39) connected to an evacuation
aperture (36) of said combustion chamber (20)
and configured to force said second comburent (A)
from the external environment toward the inside of
said combustion chamber (20).

5. Heating method using a heating apparatus accord-
ing to any claims hereinbefore, which comprises the
following steps:

- providing said brazier (11);

- introducing, into said brazier (11), both the
biomass (C) and also the first comburent (F1)
in order to thermochemically decompose said
biomass (C) and produce at least one combus-
tible gas (S).

6. Heating method as in claim 5, which also comprises
the following steps:

- providing a combustion chamber (20) autono-
mous with respect to said brazier (11);

- conveying said combustible gas (S) into said
combustion chamber (20);

- drawing a second comburent (A) from the
external environment and conveying it into said
combustion chamber (20); and

- igniting said combustible gas (S) in order to
develop heat by means of a flame.

7. Heating method as in claim 6, which also comprises
the following steps:

-drawing, from said combustion chamber (20), a
first part (F1) of the fumes (F) produced by said
flame and introducing it into said brazier (11),
whereby said first part (F1) of said fumes (F)
constitutes said first comburent (F1); and

- drawing a second part (F2) of said fumes (F)
from said combustion chamber (20) in order to
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evacuate it into the external environment.

Heating method as in any claim from 5 to 7, wherein
said biomass (C) is introduced into said brazier (11)
in a substantially continuous way.

Patentanspriiche

1.

Heizvorrichtung (10, 100, 200, 300), die einen Bren-
ner (11) umfasst, der so konfiguriert ist, dass er eine
Biomasse (C), die als Brennstoffdient, und ein erstes
Brennmittel (F1) aufnimmt und geeignet ist, die Bio-
masse (C) thermisch zu zersetzen und mindestens
ein brennbares Gas (S) zu erzeugen, wobei der
Brenner (11) von der Art ist, die gegeniiber der
aufleren Umgebung im Wesentlichen geschlossen
ist, so dass der Brenner (11) keinerlei Offnungen
aufweist, durch die das luftartige Brennmittel direkt
von der aulReren Umgebung eintreten kann, wobei
der Brenner (11) eine erste Eintritts6ffnung (16) um-
fasst, die mit einer Einspritzvorrichtung (46) verbun-
den ist, die so konfiguriert ist, dass sie auf kontrol-
lierte, automatische, kontinuierliche und einstellbare
Weise die Biomasse (C) in den Brenner (11) einfiihrt,
wobei der Brenner (11) eine zweite Eintritts6ffnung
(18) fir den Eintritt des ersten Brennmittels (F1) und
eine Austrittséffnung (15) fir den Austritt des min-
destens einen brennbaren Gases (S) umfasst, wobei
die Austrittséffnung (15) auf einem niedrigeren Ni-
veau angeordnet ist als dasjenige, auf dem zumin-
dest die zweite Eintritts6ffnung (18) angeordnet ist,
wobei die erste und zweite Eintrittséffnung (16, 18)
des Brenners (11) auf einem hdéheren Niveau ange-
ordnet sind als dasjenige, auf dem die Austrittsoff-
nung (15) angeordnet ist, so dass das erste Brenn-
mittel (F1) und die Biomasse (C) von oben nach
unten und in Richtung der Austrittsoffnung (15) in
den Brenner (11) eintreten.

Heizvorrichtung (10, 100, 200, 300) nach Anspruch
1, welche aulRerdem eine Brennkammer (20) um-
fasst, die in Bezug auf den Brenner (11) autonom ist
und ihre eigene Eintritts6ffnung (33) aufweist, die so
konfiguriert ist, dass sie das brennbare Gas (S) auf-
nimmt, sowie Férdermittel (M2), die zwischen dem
Brenner (11) und der Eintritts6ffnung (33) der Brenn-
kammer (20) angeordnet sind, um das mindestens
eine brennbare Gas (S) in die Brennkammer (20) zu
beférdern.

Heizvorrichtung (10, 100, 200, 300) nach einem der
vorhergehenden Anspriiche, welche auRerdem eine
Steuereinheit (50) umfasst, die so konfiguriert ist,
dass sie die Einspritzvorrichtung (46) steuert, um die
Durchflussmenge der in den Brenner (11) eingeflhr-
ten Biomasse (C) einzustellen.
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4.

6.

7.

8.

Heizvorrichtung (10, 100, 200, 300) nach Anspruch 2
oder 3, wobei die Eintrittséffnung (33) der Brenn-
kammer (20) so konfiguriert ist, dass sie ein zweites
Brennmittel (A) aus der dulReren Umgebung auf-
nimmt, und wobei die Heizvorrichtung (10, 100,
200, 300) auflerdem sowohl Rezirkulationsmittel
(M3), um das erste Brennmittel (F1) aus der Brenn-
kammer (20) in den Brenner (11) zu beférdern, als
auch ein Geblase (39), das mit einer Evakuierungs-
6ffnung (36) der Brennkammer (20) verbunden und
so konfiguriertist, dass es das zweite Brennmittel (A)
ausder aufleren Umgebungindas Innere der Brenn-
kammer (20) driickt, umfasst.

Heizverfahren, das die Heizvorrichtung gemaR ir-
gendeinem der vorstehenden Anspriiche verwen-
det, wobei das Verfahren die folgenden Schritte
umfasst:

- Bereitstellen des Brenners (11);

- Einfuhren sowohl der Biomasse (C) als auch
des ersten Brennmittels (F1) in den Brenner
(11), um die Biomasse (C) thermochemisch zu
zersetzen und mindestens ein brennbares Gas
(S) zu erzeugen.

Heizverfahren nach Anspruch 5, welches aulerdem
die folgenden Schritte umfasst:

- Bereitstellen einer Brennkammer (20), die in
Bezug auf den Brenner (11) autonom ist;

- Zufihren des brennbaren Gases (S) in die
Brennkammer (20);

- Entnahme eines zweiten Brennmittels (A) aus
der dulReren Umgebung und Beférdern dessel-
ben in die Brennkammer (20); und

- Ziinden des brennbaren Gases (S), um mittels
einer Flamme Warme zu entwickeln.

Heizverfahren nach Anspruch 6, welches auflerdem
die folgenden Schritte umfasst:

- Abziehen eines ersten Teils (F1) der von der
Flamme erzeugten Abgase (F) aus der Brenn-
kammer (20) und Einleiten derselben in den
Brenner (11), wobei der erste Teil (F1) der Ab-
gase (F) das erste Brennmittel (F1) bildet; und
- Abziehen eines zweiten Teils (F2) der Abgase
(F) aus der Brennkammer (20), um sie in die
auftere Umgebung zu evakuieren.

Heizverfahren nach einem der Anspriiche 5 bis 7,
wobei die Biomasse (C) im Wesentlichen kontinuier-
lich in den Brenner (11) eingefuhrt wird.
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Revendications

Appareil de chauffage (10, 100, 200, 300), compre-
nant un brdleur (11) configuré pour recevoir une
biomasse (C) quifonctionne en tant que combustible
et un premier comburant (F1), et approprié pour
décomposer thermiquement ladite biomasse (C) et
produire au moins un gaz combustible (S), dans
lequel ledit braleur (11) est du type sensiblement
fermé par rapport a I'environnement extérieur, de
sorte que le brdleur (11) ne présente pas de quel-
conques ouvertures qui permettent a I'air comburant
d’entrer directement depuis I'environnement exté-
rieur, dans lequel ledit braleur (11) comprend une
premiere ouverture d’entrée (16), reliée a un dispo-
sitif d’injection (46) qui est configuré pour introduire
de maniére commandée, automatique, continue et
ajustable, ladite biomasse (C) dans ledit braleur (11),
dans lequel ledit brlleur (11) comprend une seconde
ouverture d'entrée (18) pour que ledit premier
comburant (F1) puisse entrer et une ouverture de
sortie (15) pour que ledit au moins un gaz combus-
tible (S) puisse sortir, ladite ouverture de sortie (15)
étantdisposée a un niveau inférieur a celuiauquel au
moins ladite seconde ouverture d’entrée (18) est
positionnée, dans lequel lesdites premiéere et se-
conde ouvertures d’entrée (16, 18) dudit brdleur
(11) sont disposées a un niveau plus élevé que celui
sur lequel ladite ouverture de sortie (15) est située,
de telle maniére que ledit premier comburant (F1) et
ladite biomasse (C) pénétrent dans ledit brileur (11)
du haut vers le bas et vers ladite ouverture de sortie
(15).

Appareil de chauffage (10, 100, 200, 300) selon la
revendication 1, qui comprend également une
chambre de combustion (20) autonome par rapport
audit brdleur (11) et présentant sa propre ouverture
d’entrée (33) configurée pour recevoir ledit gaz
combustible (S), et des moyens de transport (M2)
interposés entre ledit brdleur (11) et ladite ouverture
d’entrée (33) de ladite chambre de combustion (20)
afin de transporter lesdits au moins un gaz combus-
tible (S) dans ladite chambre de combustion (20).

Appareil de chauffage (10, 100, 200, 300) selon I'une
quelconque des revendications précédentes, qui
comprend également une unité de commande (50)
configurée pour commander ledit dispositif d’injec-
tion (46) afin d’ajuster le débit d’écoulement de ladite
biomasse (C) introduite dans ledit brileur (11).

Appareil de chauffage (10, 100, 200, 300) selon la
revendication 2 ou 3, dans lequel ladite ouverture
d’entrée (33) de ladite chambre de combustion (20)
est configurée pour recevoir un second comburant
(A) depuis I'environnement externe et dans lequel
ledit appareil de chauffage (10, 100, 200, 300)
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comprend également des moyens de recirculation
(M3) pour transporter ledit premier comburant (F1)
depuis ladite chambre de combustion (20) jusque
dans ledit braleur (11), et également un ventilateur
(39) relié a une ouverture d’évacuation (36) de ladite
chambre de combustion (20) et configuré pour forcer
ledit second comburant (A) depuis I'environnement
externe vers lintérieur de ladite chambre de
combustion (20).

Procédé de chauffage utilisant un appareil de chauf-
fage selon 'une quelconque des revendications pré-
cédentes, qui comprend les étapes suivantes
consistant a :

- fournir ledit braleur (11) ;

- introduire, dans ledit braleur (11), a la fois la
biomasse (C) et également le premier combu-
rant (F1) afin de décomposer thermochimique-
ment ladite biomasse (C) et de produire au
moins un gaz combustible (S).

6. Procédé de chauffage selon la revendication 5, qui

comprend également les étapes suivantes consis-
tant a :

- fournir une chambre de combustion (20) auto-
nome par rapport audit brdleur (11) ;

- transporter ledit gaz combustible (S) jusque
dans ladite chambre de combustion (20) ;

- attirer un second comburant (A) depuis I'envi-
ronnement externe etle transporter jusque dans
ladite chambre de combustion (20) ; et

- enflammer ledit gaz combustible (S) afin de
développer de la chaleur au moyen d'une
flamme.

7. Procédé de chauffage selon la revendication 6, qui

comprend également les étapes suivantes consis-
tanta:

- attirer, depuis ladite chambre de combustion
(20), une premiere partie (F1) des fumées (F)
produites par ladite flamme et I'introduire dans
ledit braleur (11), ladite premiére partie (F1)
desdites fumées (F) constituant ledit premier
comburant (F1) ; et

- attirer une seconde partie (F2) desdites fu-
mées (F) depuis ladite chambre de combustion
(20) afin de I'évacuer dans I'environnement ex-
térieur.

Procédé de chauffage selon I'une quelconque des
revendications 5 a 7, dans lequel ladite biomasse (C)
est introduite dans ledit brileur (11) d’'une maniére
sensiblement continue.
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