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(54) APPARATUS FOR COMBUSTION OF SYNTHETIC GASES DERIVING FROM TREATMENT OF 
ORGANIC MATERIAL, PLANT AND PROCESS FOR TREATMENT OF ORGANIC MATERIAL

(57) An apparatus for combustion of synthetic gases
comprises a burner (75), a combustion chamber (62) co-
operating with the burner (75) and having an outlet (64)
destined to eject exhaust gases, a fluid supply circuit (65)
configured for supplying a comburent gas to the burner
(75), wherein the fluid supply circuit (65) is at least par-

tially outside the combustion chamber (62) and has one
or more channels (66) in contact with an outer surface
(62a) of the combustion chamber (62) for exchanging
heat with the combustion chamber itself. A plant and a
process using the above combustion apparatus are also
described.
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Description

FIELD OF THE INVENTION

[0001] The object of the present invention is an appa-
ratus for the combustion for synthetic gases deriving from
the treatment of organic material.
[0002] The present invention also concerns a plant and
a process for treatment of organic material.
[0003] The invention may find advantageous applica-
tion in the management and use of civil and industrial
sewage sludges from agricultural waste, from waste
management systems, for example of civil origin, or from
energy production systems.

BACKGROUND ART

[0004] There are known methods and related appara-
tuses for the treatment of organic material, for example
sludges from waste water, by the application of heat.
Known methods allow the production of synthetic gases
usable as combustibles and of carbon residues, which
may be further refined and used for making products or
materials of various type.
[0005] Known apparatuses for the treatment of organic
material has a treatment chamber or reactor where the
organic material, heated at temperatures between 300°C
and 800°C, generates synthetic gases and dusty resi-
dues that may be sucked by the treatment chamber and
used as combustibles for the production of energy.
[0006] Although the above-described apparatus al-
lows the combustion of synthetic gases generated by the
treatment of organic material, the Applicant has found
that these solutions have limitations and drawbacks.
[0007] Firstly, in known apparatuses, the synthetic
gases produced usually contain a relatively high amount
of dust particles that certainly reduce the quality of the
gas and may cause clogging and scaling.
[0008] Furthermore, in known apparatuses, due to a
non-optimal temperature control of the synthetic gas, this
gas may partially condense into oils and tars if its tem-
perature drops below a predetermined threshold. The
formation of oils and tars is practically certain if the initially
higher temperature, decreases and falls below a critical
point (usually around 400°C), thus preventing an efficient
operation of the apparatus.

OBJECT OF THE INVENTION

[0009] A general object of the invention is therefore to
solve at least one of the drawbacks and/or limitations of
the previous solutions.
[0010] A first object of the present invention is to pro-
vide an apparatus and a process for the treatment of
organic material for the efficient production of synthetic
gases and/or for the generation of carbonaceous mate-
rials usable in various technological fields.
[0011] It is also an auxiliary object to provide a solution

that limits the formation and the transport of mixtures of
synthetic gases with excessive dusty residues.
[0012] Another auxiliary object is to provide an appa-
ratus that limits the formation of scaling and the accumu-
lation of dusty residues.
[0013] It is also an auxiliary object to design a solution
that minimizes or excludes the formation of oils and tars
deriving from the condensation of the synthetic gas.
[0014] Another auxiliary object is to provide a solution
suitable for treating organic material with a reduced en-
ergy consumption.
[0015] A further auxiliary object is to provide a solution
with an improved operational reliability that reduces the
service costs of its components, such as for example the
reactor and/or the combustion chamber, by reducing the
number of maintenance operations required.
[0016] These objects and others, which will be more
apparent from the following description, are substantially
achieved by an apparatus and a process for the combus-
tion for synthetic gases deriving from the treatment of
organic material according to one or more of the accom-
panying claims and/or the following aspects.

SUMMARY

[0017] Aspects of the invention are described below.
[0018] In a 1st aspect is provided a reactor for the treat-
ment, for example for the pyrolytic treatment, of organic
material, said reactor comprising:

- a main channel (31) defining a treatment chamber
(2) of the organic material comprising an inlet (3) for
receiving organic material to be treated and an outlet
(4) in communication with the inlet (3) and destined
to unload treated material outside the treatment
chamber,

- a main conveyor (17) operating in the treatment
chamber (2) and configured for moving the organic
material under treatment from the inlet (3) to the out-
let (4) along a predetermined treatment path inside
the main channel (31),

- at least a heater active on the main channel (31),
- a gas branch manifold (7) having:

+ a proximal portion (7a) connected to the main
channel (31) at a gas outlet opening (8) present
on the main channel (31) and spaced apart from
the inlet (3) and from the outlet (4) of the main
channel (31),
+ a distal portion (7b) spaced apart from the gas
outlet opening (8) and having a gas discharge
orifice (10).

[0019] In a 2nd aspect according to the preceding as-
pect the inlet (3) and the outlet (4) of the main channel
are arranged at opposing ends (31a, 31b) of the main
channel itself.
[0020] In a 3rd aspect according to any one of the pre-
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ceding aspects the gas outlet opening (8) is closer to the
outlet (4) of the main channel (31) than the inlet (3) of
the main channel itself (31).
[0021] In a 4th aspect according to any one of the pre-
ceding aspects the gas outlet opening (8) is positioned
at a terminal section of the main channel (31) of extension
equal to no more than 1/3 of an overall extension of the
main channel itself (31).
[0022] In a 5th aspect according to any one of the pre-
ceding aspects the gas branch manifold (7) comprises
an expansion section (7c) extending between the proxi-
mal portion (7a) and the distal one (7b).
[0023] In a 6th aspect according to the preceding as-
pect the expansion section (7c) of the gas branch man-
ifold (7) extends in radial direction with respect to a lateral
surface of the main channel (31).
[0024] In a 7th aspect according to any one of the pre-
ceding aspects the gas discharge orifice (10) has a gas
passage area lower than a gas passage area of the gas
outlet opening (8) of the main channel.
[0025] In an 8th aspect according to the preceding as-
pect a ratio between the gas passage area of the gas
outlet opening (8) of the main channel and the gas pas-
sage area of the gas discharge orifice (10) is comprised
between 0.01 and 0.06, optionally comprised between
0.02 and 0.05.
[0026] In a 9th aspect according to any one of the pre-
ceding aspects the gas outlet opening (8) and the prox-
imal portion of the gas branch manifold (7) are located
at an upper half of the main channel (31).
[0027] In a 10th aspect according to any one of the
preceding aspects from 5th to 9th the expansion section
(7c) of the gas branch manifold (7) extends radially, op-
tionally in vertical direction, from the gas outlet opening
(8) positioning the distal portion (7b) of the gas branch
manifold (7) at a maximum height (H) from the gas outlet
opening (8).
[0028] In a 11th aspect according to the preceding as-
pect the main channel (31) has a longitudinal develop-
ment direction (A) and wherein said main channel also
has, immediately upstream and/or immediately down-
stream of said gas outlet opening, a cross section with
vertical dimension (D 1), measured transversely to the
longitudinal development direction (A), lower than the
maximum height (H) of the gas branch manifold (7).
[0029] In a 12th aspect according to the preceding as-
pect the ratio between the maximum height (H) of the
gas branch manifold (7) and the vertical dimension (D1)
of the main channel (31) is comprised between 1.2 and
2.5.
[0030] In a 13th aspect according to any one of the
preceding aspects the gas branch manifold (7) does not
diverge moving away from the gas outlet opening (8).
[0031] In a 14th aspect according to any one of the
preceding aspects the gas branch manifold (7) has a con-
stant cross section for the whole extension of the mani-
fold.
[0032] In a 15th aspect according to any one of the

preceding aspects the gas branch manifold (7) has a tu-
bular shape, even more optionally prismatic or cylindrical
tubular shape.
[0033] In a 16th aspect according to any one of the
preceding aspects from 11th to 15th the gas outlet open-
ing (8) is at a minimum distance (Dm) from the outlet of
the main channel (31) having size greater than said ver-
tical dimension (D1) of the main channel (31).
[0034] In a 17th aspect according to the preceding as-
pect the ratio between said minimum distance (Dm) and
a length (L) of the main channel (31), measured parallel
to the longitudinal development direction (A) of the main
conveyor (17), is comprised between 0.1 and 0.3.
[0035] In a 18th aspect according to any one of the
preceding aspects the gas outlet opening (8) has an elon-
gated conformation parallel to theta longitudinal devel-
opment direction (A) of the main channel (31).
[0036] In a 19th aspect according to any one of the
preceding aspects the ratio between a length of the gas
outlet opening (8) and theta length (L) of the main channel
(31) measured parallel to theta longitudinal development
direction (A) of the main conveyor (17) is comprised be-
tween 0.1 and 0.5.
[0037] In a 20th aspect according to any one of the
preceding aspects the reactor comprises:

- a loading channel (12a) in communication with the
inlet (3) of the main channel (31),

- a loading conveyor (15) which operates internally to
the loading channel and is configured for moving the
organic material towards the inlet (3) of the main
channel (31).

[0038] In a 21st aspect according to the preceding as-
pect the loading channel (12a) is sloped.
[0039] In a 22nd aspect according to any one of the two
preceding aspects the loading channel (12a) extends be-
tween a first end, at or in immediate proximity of the inlet
(3) of the main channel (31), and a second end, located
inferiorly to the first end.
[0040] In a 23rd aspect according to any one of the
three preceding aspects the loading channel (12a) is
sloped with respect to a horizontal plane by an inner angle
comprised between 5° and 60°, optionally comprised be-
tween 10° and 45°.
[0041] In a 24th aspect according to any one of the two
preceding aspects the first end (15a) of the loading chan-
nel (12a) is laterally engaged to the main channel (31).
[0042] In a 25th aspect according to any one of the five
preceding aspects the loading conveyor (15) is a screw
or auger conveyor which operates in the loading channel
(12a).
[0043] In a 26th aspect according to any one of the six
preceding aspects the loading channel (12a) comprises
a radial inlet mouth (32a) defined in proximity of the sec-
ond end of the loading channel itself.
[0044] In a 27th aspect according to any one of the
seven preceding aspects the reactor comprises a hopper
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(33) for the containment of the organic material to be
treated, said hopper (33) comprising an unloading open-
ing (34) for the movement by gravity of the organic ma-
terial in the loading channel (12a), optionally through the
inlet mouth (32a) of the loading channel (12a).
[0045] In a 28th aspect according to the preceding as-
pect the reactor comprises an unloading channel (35)
which connects the unloading opening (34) of the hopper
(33) with the loading channel (12a), optionally with the
inlet mouth (32a) of the loading channel (12a).
[0046] In a 29th aspect according to any one of the
preceding aspects the reactor comprises:

- an unloading channel (12b) in communication with
the outlet (4) of the main channel (31),

- an unloading conveyor (16) which operates internal-
ly to the unloading channel and is configured for mov-
ing the organic material externally to the main chan-
nel (31).

[0047] In a 30th aspect according to the preceding as-
pect the unloading channel (12b) is sloped.
[0048] In a 31st aspect according to any one of the two
preceding aspects the unloading channel (12b) extends
between a first end at or in immediate proximity of the
outlet (4) of the main channel (31), and a second end
located upperly to the first end.
[0049] In a 32nd aspect according to any one of the
three preceding aspects the unloading channel (12b) is
sloped with respect to a horizontal plane by an inner angle
comprised between 5° and 60°, optionally comprised be-
tween 10° and 45°.
[0050] In a 33rd aspect according to any one of the two
preceding aspects the first end of the unloading channel
(12b) is laterally engaged to the main channel (31).
[0051] In a 34th aspect according to any one of the five
preceding aspects the unloading conveyor (16) is a screw
or auger conveyor which operates in the unloading chan-
nel (12b).
[0052] In a 35th aspect according to any one of the six
preceding aspects the unloading channel (12b) compris-
es a radial outlet mouth (32b) defined in proximity of the
second end of the unloading channel itself.
[0053] In a 36th aspect according to the 20th and 29th

aspect the reactor comprises two motors (14a, 14b) re-
spectively connected to the loading conveyor (15) and
to the unloading conveyor (16) for allowing a respective
movement thereof relative to the loading channel (12a)
and to the unloading channel (12b).
[0054] In a 37th aspect according to the preceding as-
pect the reactor comprises a control unit connected to
said motors (14a, 14b) and configured for commanding
the movement of the loading and unloading conveyors
(15, 16) thereof as a function of a predetermined speed
profile.
[0055] In a 38th aspect according to any one of the
preceding aspects the main conveyor (17) has:

- a shaft (18) movable by rotation about an axis parallel
to a/the prevalent development longitudinal direction
(A) of the main channel (31),

- one or more helical rotors (19) radially emerging from
the shaft (18) and interconnected to each other to
define a coil,

wherein at least one of said one or more helical rotors
(19) is a hollow rotor (20) having:

- a perimeter edge (21) extending as a coil around the
shaft (18),

- a cavity (22) defining a passage radially interposed
between the shaft (18) of the main conveyor and the
perimeter edge (21) of the hollow rotor (20).

[0056] In a 39th aspect according to the preceding as-
pect each hollow rotor (20) has one or more transversal
spokes (23) engaging respective sections of the perim-
eter edge (21) to the shaft (18).
[0057] In a 40th aspect according to the preceding as-
pect the spokes (23) of a respective hollow rotor (20) are
angularly offset to each other, optionally by an angle com-
prised between 70° and 110°, even more optionally com-
prised between 80° and 100°.
[0058] In a 41st aspect according to any one of the
three preceding aspects at least one of said one or more
helical rotors (19) is a solid rotor (24) devoid of cavities
radially extending from the shaft to an inner surface of
the main channel (31).
[0059] In a 42nd aspect according to the preceding as-
pect at least one of said one or more hollow rotors (20)
are consecutively joined to a solid rotor (24).
[0060] In a 43rd aspect according to any one of the two
preceding aspects at least a solid rotor (24) of the main
conveyor (17), optionally having one or more coils, op-
erates in proximity of the inlet (3) of the treatment cham-
ber (2).
[0061] In a 44th aspect according to any one of the
three preceding aspects at least a solid rotor (24) of the
main conveyor (17), optionally having one or more coils,
operates in proximity of the outlet (4) of the treatment
chamber (2).
[0062] In a 45th aspect according to any one of the
preceding aspects from the 38th to the 44th the main con-
veyor (17) comprises one or more wings (25) transverse-
ly emerging from the shaft (18) and spaced from the hel-
ical rotors (19), configured for terminally contacting an
inner surface of the main channel (31).
[0063] In a 46th aspect according to the preceding as-
pect the wings (25) are spaced apart to each other along
the shaft (18).
[0064] In a 47th aspect according to any one of the two
preceding aspects each wing (25) is angularly offset from
an adjacent wing, optionally by an angle comprised be-
tween 70° and 200°.
[0065] In a 48th aspect according to any one of the
three preceding aspects each wing (25) has:
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- a rod (25a) engaged transversely to the shaft (18)
of the main conveyor (17),

- a terminal body (25b) engaged to the rod (25a) from
the opposite side to the shaft (18).

[0066] In a 49th aspect according to the preceding as-
pect the terminal body (25b) of the wing (25) has a plate-
like conformation.
[0067] In a 50th aspect according to any one of the two
preceding aspects the terminal body (25b) has an elon-
gated conformation transversely to the rod (25a) of the
wing (25), defining, in cooperation with the rod (25a), a
substantially "T" or "L" shape.
[0068] In a 51st aspect according to any one of the
three preceding aspects the terminal body (25b) of the
wing (25) has at least a contact surface sloped with re-
spect to a horizontal plane passing by the shaft (18) of
the main conveyor (17).
[0069] In a 52nd aspect according to any one of the
preceding aspects the main conveyor (17) comprises:

- at least a first sector comprising a plurality of helical
rotors (19) interconnected to each other,

- at least a second sector, adjacent to the first sector
and comprising a plurality of wings (25).

[0070] In a 53rd aspect according to the preceding as-
pect the shaft (18) of the main conveyor (17) extends in
length between the inlet (3) and the outlet (4) of the treat-
ment chamber (2), wherein the main conveyor (17), for
a preponderant part of the length of the shaft (18), has a
plurality of first sectors interspersed by second sectors.
[0071] In a 54th aspect according to any one of the two
preceding aspects the first and second sectors cover at
least the 70% of the length of the shaft (18).
[0072] In a 55th aspect according to any one of the
three preceding aspects the main conveyor (17) has re-
spective first sectors in proximity of the inlet (3) and of
the outlet (4) of the treatment chamber (2), said first sec-
tors comprising solid rotors and/or hollow rotors (19).
[0073] In a 56th aspect according to any one of the four
preceding aspects a central section of the main conveyor
(17) has one or more first sectors comprising exclusively
hollow rotors (19).
[0074] In a 57th aspect according to any one of the
preceding aspects the reactor comprises a motor (26)
connected to the main conveyor (17) for allowing a rota-
tion thereof with respect to the treatment chamber (2).
[0075] In a 58th aspect according to the preceding as-
pect the reactor comprises a control unit (50) connected
with the motor and configured for commanding the move-
ment of the main conveyor (17) as a function of a prede-
termined speed profile, optionally at constant angular
speed.
[0076] In a 59th aspect according to any one of the
preceding aspects the heater comprises:

- a fluid heater (5) active on a first section (2a) of the

main channel (31),
- an electrical heater (6) active on a second section

(2b) of the main channel (31) interposed between
the first section (2a) and the outlet (4) of the main
channel (31).

[0077] In a 60th aspect according to the preceding as-
pect the first and the second section (2a, 2b) cover sub-
stantially all the longitudinal extension of the main chan-
nel (31).
[0078] In a 61st aspect according to any one of the two
preceding aspects the fluid heater (5) comprises a fluid
supply line (5a) active on the first section (2a) of the main
channel (31), configured for being placed in fluid com-
munication with a hot fluid source, the supply line devel-
oping around the first section (2a) for transferring heat
to the main channel (31).
[0079] In a 62nd aspect according to any one of the
three preceding aspects the first section (2a) of the treat-
ment chamber (2) extends in length for a preponderant
part of the main channel (31) parallel to a/the longitudinal
development direction (A) of the main channel (31).
[0080] In a 63rd aspect according to the preceding as-
pect said preponderant part covers more than the 50%
of an overall extension of the main channel (31).
[0081] In a 64th aspect according to any one of the
preceding aspects the reactor comprises a temperature
sensor (28) active in the treatment chamber (2) and con-
figured for generating one or more signals representative
of a temperature inside the treatment chamber (2).
[0082] In a 65th aspect according to the preceding as-
pect theta control unit (50) is connected to the tempera-
ture sensor (28) and configured for:

- receiving one or more temperature signals generat-
ed by said temperature sensor (28),

- determining one or more measured values of tem-
perature as a function of the signals received from
the temperature sensor (28),

- comparing each measured values of temperature
with a threshold value of temperature, optionally
comprised between 280°C and 800°C, even more
optionally comprised between 320°C and 680°C.

[0083] In a 66th aspect according to the preceding as-
pect the control unit (50) is connected to the electrical
heater (6) active on the second section (2b) of the treat-
ment chamber (2) and is configured for commanding the
electrical heater (6) as a function of said one or more
measured values of temperature, optionally if said meas-
ured values of temperature are lower than the threshold
value of temperature.
[0084] In a 67th aspect according to any one of the
preceding aspects the reactor comprises a pressure sen-
sor (29) active in the treatment chamber (2) and config-
ured for generating a signal representative of a relative
pressure inside the treatment chamber (2).
[0085] In a 68th aspect is provided a process for the
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treatment of organic material through a reactor according
to any one of the preceding aspects.
[0086] In a 69th aspect according to the preceding as-
pect the process comprises the steps of:

- supplying organic material inside the treatment
chamber (2) of the reactor,

- moving organic material through the main conveyor
(17),

- heating the organic material through the heater,
- withdrawing, through the gas branch manifold (7),

gases, for example synthetic gas, generated by the
heating of the organic material in the treatment
chamber (2).

[0087] In a 70th aspect according to the preceding as-
pect the step of withdrawing gas from the treatment
chamber (2) comprises a step of adjusting a pressure in
the treatment chamber (2) sucking gas from the gas
branch manifold (7) so that the pressure inside the treat-
ment chamber is lower than the environmental pressure,
reigning outside the plant, by a quantity comprised in a
reference range between 10 Pa and 250 Pa, optionally
between 20 Pa and 100 Pa.
[0088] In a 71st aspect according to the preceding as-
pect the step of adjusting the pressure in the treatment
chamber (2) involves moving gas in the gas branch man-
ifold (7), optionally in the expansion section (7c), at a
speed comprised between 0.05m/s and 0.8m/s, option-
ally comprised between 0.1 m/s and 0.4m/s.
[0089] In a 72nd aspect according to any one of the
three preceding aspects the step of supplying organic
material in the treatment chamber (2) comprises the
steps of:

- unloading organic material, optionally in granular or
dust form, on the loading conveyor (15),

- moving, through the loading conveyor (15), the or-
ganic material at the inlet (3) of the treatment cham-
ber (2).

[0090] In a 73rd aspect according to the preceding as-
pect the step of moving organic material comprises a
step of controlling a speed of movement of the loading
conveyor (15) along the operative section.
[0091] In a 74th aspect according to any one of the five
preceding aspects the step of heating the organic mate-
rial comprises a sub-step of adjusting a temperature in-
side the treatment chamber (2) in a range comprised be-
tween 250°C and 800°C, even more optionally com-
prised between 280°C and 600°C.
[0092] In a 75th aspect according to any one of the six
preceding aspects the step of heating the organic mate-
rial is performed simultaneously to the step of moving
organic material through the main conveyor (17).
[0093] In a 76th aspect according to any one of the
seven preceding aspects the step of heating the organic
material is performed through the fluid heater (5) and the

electrical heater (6).
[0094] In a 77th aspect according to any one of the
eight preceding aspects the process comprises the steps
of:

- withdrawing treated organic material from the treat-
ment chamber (2), and subsequently

- storing treated organic material outside the treat-
ment chamber (2).

[0095] In a 78th aspect according to the preceding as-
pect the step of withdrawing treated organic material from
the treatment chamber (2) comprises a step of moving,
through the unloading conveyor (16), the treated organic
material outside the treatment chamber (2).
[0096] In a 79th aspect according to the preceding as-
pect said step of moving treated organic material com-
prises a step of controlling a movement speed of the un-
loading conveyor (16) along the operative section.
[0097] In an 80th aspect it is provided an apparatus for
the combustion of synthetic gases deriving from the treat-
ment of organic material, for example through pyrolysis,
said apparatus comprising:

- a burner (75);
- a combustion chamber (62) cooperating with the

burner (75) and having an outlet (64) destined to
eject exhaust gases,

- a fluid supply circuit (65) configured for supplying a
comburent gas to the burner (75),

wherein the fluid supply circuit (65) is at least partially
outside the combustion chamber (62) and has one or
more channels (66) in contact with an outer surface (62a)
of the combustion chamber (62) for exchanging heat with
the combustion chamber itself.
[0098] In an 81st aspect according to the preceding
aspect the burner (75) has:

- a combustible access (77) configured for receiving
a combustible gas,

- a comburent access (76) configured for receiving the
comburent gas from the fluid supply circuit (65),

- a mixing chamber (78) in communication with the
comburent access (76) and the combustible access
(77) for mixing said gases in inlet through said ac-
cesses (76, 77),

- an activation device (72) operating in the mixing
chamber (78) and configured for triggering the com-
bustion of said gases.

[0099] In an 82nd aspect according to any one of the
two preceding aspects the fluid supply circuit (65) has a
gas access (67) for receiving the comburent gas, option-
ally room air, from an environment outside the combus-
tion chamber (62) and a gas outlet (68) in communication
with the combustion chamber (62) or with the comburent
access (76) of the burner (75).
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[0100] In an aspect 82bis according to any one of the
preceding aspects of apparatus the burner (75) is placed
upstream or internally to the combustion chamber.
[0101] In an 83rd aspect according to any one of the
three preceding aspects said one or more channels (66)
of the fluid supply circuit (65) are formed from subsequent
sections of a single continuous channel or from distinct
channels in communication to each other.
[0102] In an 84th aspect according to any one of the
four preceding aspects said channels (66) are over-
lapped to a preponderant part, optionally at least the 70%,
of the outer surface (62a) of the combustion chamber
(62).
[0103] In an 85th aspect according to any one of the
five preceding aspects the combustion chamber (62) ex-
tends along a development direction (X), and wherein
said one or more channels (66) of the fluid supply circuit
(65) are arranged transversely to the development direc-
tion (X) of the combustion chamber (62).
[0104] In an 86th aspect according to any one of the
six preceding aspects said one or more channels (66)
form at least a single continuous channel extending
around the outer surface (62a) of the combustion cham-
ber (62) along a helical trajectory.
[0105] In an 87th aspect according to any one of the
seven preceding aspects said one or more channels (66)
form annular-shaped segments (66a), optionally with cir-
cular shape, extending around to the outer surface (62a)
of the combustion chamber (62), wherein each of said
segments (66a) is in communication with an adjacent
channel (66). In an 88th aspect according to any one of
the eight preceding aspects the combustion chamber
(62) has a hollow tubular conformation, optionally tubular
cylindrical or prismatic.
[0106] In an 89th aspect according to any one of the
preceding aspects from the 80th to the 88th the outer sur-
face (62a) has a cylindrical shape with circular profile or
polygonal profile.
[0107] In a 90th aspect according to any one of the
preceding aspects from the 80th to the 89th the combus-
tion chamber (62) has a first and a second terminal wall
(62’, 62") which delimit longitudinally the combustion
chamber itself.
[0108] In a 91st aspect according to the preceding as-
pect the burner (75) is carried by the first terminal wall
(62’).
[0109] In a 92nd aspect according to any one of the two
preceding aspects the fluid supply circuit (65) contacts
the outer surface (62a) from an area next to the second
terminal wall (62") until an area next to the first terminal
wall (62’). In a 93rd aspect according to any one of the
preceding aspects from the 80th to the 92nd the inlet (63)
and the outlet (64) of the combustion chamber (62) are
respectively defined on the first and the second terminal
walls (62’, 62").
[0110] In a 94th aspect according to any one of the
preceding aspects from the 80th to the 93rd the fluid sup-
ply circuit (65) comprises a sleeve (68) which wraps the

combustion chamber (62) and is radially outside the outer
surface (62a) of the combustion chamber (62) itself to
form a gap for receiving said comburent gas.
[0111] In a 95th aspect according to any one of the
preceding aspects from the 80th to the 94th the fluid sup-
ply circuit (65) comprises one or more walls (69) arranged
transversely to a/to the development direction (X) of the
combustion chamber (62), wherein subsequent sections
of the one or more separating walls (69) parallel to each
other.
[0112] In a 96th aspect according to the two preceding
aspects said walls (69) extend radially, outside of the
outer surface (62a) of the combustion chamber (62) and
internally to the sleeve (68).
[0113] In a 97th aspect according to any one of the
three preceding aspects said one or more channels (66)
are laterally delimited from subsequent sections of the
one or more separating walls (69) and radially delimited
by the sleeve (68).
[0114] In a 98th aspect according to any one of the
three preceding aspects said one or more walls (69) are
interconnected to each other to define a single helical
element extending around the outer surface (62a) of the
combustion chamber (62) for a preponderant part, op-
tionally for all of a length of the combustion chamber (62)
measured parallel to the development direction (X).
[0115] In a 99th aspect according to any one of the
preceding aspects from the 94th to the 98th the apparatus
comprises a case (70) radially outside the sleeve (68)
that defines a gap between the sleeve (68) and an inner
surface (70a) of the case (70).
[0116] In a 100th aspect according to any one of the
preceding aspects from the 80th to the 99th at least one
of: the combustion chamber (62), the sleeve (68), said
one or more walls (69) and the case (70), are made in
metallic material, optionally steel, for example stainless
steel.
[0117] In a 101st aspect according to any one of the
preceding aspects from the 80th to the 100th the com-
bustion chamber (62), the sleeve (68) and/or the case
(70) are devoid of coatings made in refractory or thermally
insulating materials. In a 102nd aspect according to any
one of the preceding aspects from the 80th to the 101 st

the burner (75) comprises an auxiliary access (88) in
communication with the combustion chamber (62), op-
tionally the mixing chamber (78), for receiving combus-
tible gas and allowing an initial ignition of the apparatus.
[0118] In a 103rd aspect according to any one of the
preceding aspects from the 80th to the 102nd the fluid
supply circuit (65) comprises a connection duct (74)
which connects with the burner (75) a terminal part, ad-
jacent to the burner itself, of the gap formed by said sleeve
(68).
[0119] In a 104th aspect it is provided a process for the
combustion of synthetic gases deriving from the treat-
ment of organic material, through an apparatus according
to any one of the preceding aspects.
[0120] In a 105th aspect according to the preceding
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aspect the process comprises the steps of:

- heating said comburent gas in the fluid supply circuit
(65),

- supplying to the burner (75) the combustible gas,
optionally synthetic gas, and the comburent gas
heated in the fluid supply circuit (65).

[0121] In a 106th aspect according to the preceding
aspect the process comprises a step of activating the
activation device (72) of the burner (75) for triggering the
combustion between combustible gas and comburent
gas.
[0122] In a 107th aspect according to any one of the
two preceding aspects the step of heating the comburent
gas involves a gradual heating of the comburent gas after
a progressive movement of the comburent gas itself in
the fluid supply circuit (65) and toward the burner (75).
[0123] In a 108th aspect according to any one of the
three preceding aspects the step of heating said combu-
rent gas in the fluid supply circuit (65) involves heating
the comburent gas from a room temperature, optionally
comprised between 5°C and 45°C, to a threshold tem-
perature, optionally greater than 250°C, even more op-
tionally comprised between 450°C and 650°C.
[0124] In a 109th aspect according to the preceding
aspect the step of supplying the comburent gas to the
burner (75) comprises the sub-steps of:

- supplying comburent gas in said fluid supply circuit
(65) along a helical or annular trajectory, and sub-
sequently

- supplying, through the connection duct (74), said
comburent gas in the burner (75).

[0125] In a 110th aspect it is provided a plant for the
treatment of organic material comprising an apparatus
(60) according to any one of the preceding aspects from
the 80th to the 103rd.
[0126] In a 111th aspect according to the preceding
aspect the plant comprises:

- a reactor (1) for the treatment, optionally for the py-
rolytic treatment, of organic material and the gener-
ation of gas, wherein said reactor (1) comprises:

+ a main channel (31) defining a treatment cham-
ber (2) of the organic material comprising an inlet
(3) for receiving organic material to be treated
and an outlet (4) in communication with the inlet
(3) and destined to unload treated material out-
side the treatment chamber,
+ a main conveyor (17) operating in the treatment
chamber (2) and configured for moving the or-
ganic material under treatment from the inlet to
the outlet along a predetermined treatment path
inside the main channel,
+ at least a heater active on the main channel

(31),
+ a gas branch manifold (7) connected to the
main channel (31) at a gas outlet opening (8)
present on the main channel (31) and placed in
fluid communication with the burner (75).

[0127] In a 112th aspect according to the preceding
aspect the gas branch manifold (7) has a gas discharge
orifice (10), opposite to the gas outlet opening (8) and
configured for supplying gas deriving from the main chan-
nel (31).
[0128] In a 113th aspect according to the preceding
aspect the gas discharge orifice (10) of the reactor (1) is
in communication with the burner (75) of the apparatus
(60).
[0129] In a 114th aspect according to any one of the
two preceding aspects the plant comprises a connection
channel (81) which connects the gas discharge orifice
(10) of the gas branch manifold (7) of the reactor (1) with
the burner (75) of the apparatus (60), wherein said con-
nection channel (81) is configured for supplying to the
burner (75), gas coming from the treatment chamber (2)
of the reactor (1).
[0130] In a 115th aspect according to any one of the
preceding aspects from the 110th to the 114th the plant
comprises a comburent gas supply line (85) in commu-
nication with the fluid supply circuit (65) of the apparatus
(60) for supplying gas in said one or more channels (66).
[0131] In a 116th aspect according to the preceding
aspect the plant comprises a gas movement device (84),
for example a fan, active on the comburent gas supply
line (85) for moving the comburent gas, for example air,
coming from an environment outside the plant.
[0132] In a 117th aspect according to any one of the
preceding aspects from the 110th to the 116th the plant
comprises an exhaust gas evacuation line (73) in com-
munication with the outlet (64) of the combustion cham-
ber (62) of the apparatus (60) and configured for ejecting
an exhaust gas from the combustion chamber itself.
[0133] In a 118th aspect according to the preceding
aspect the plant comprises a suction device (120) con-
nected to a terminal end of the exhaust gas evacuation
line (73) opposite to the outlet (64) of the combustion
chamber (62), configured for evacuating the exhaust gas
in an environment outside the plant.
[0134] In a 119th aspect according to any one of the
preceding aspects from the 110th to the 118th the reactor
comprises:

- a pressure sensor (29) active in the treatment cham-
ber (2) and configured for generating a signal repre-
sentative of a pressure inside the treatment chamber
(2),

- a/said control unit (50) connected to the pressure
sensor (29) and configured for:

+ receiving one or more pressure signals gener-
ated by said pressure sensor (29),
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+ determining one or more measured values of
pressure as a function of the signals received
from the pressure sensor (29),
+ verifying if said one or more of the measured
values of pressure indicate that the pressure in-
side the treatment chamber is lower than the
environmental pressure, reigning outside the
plant, optionally lower by a quantity comprised
in a reference range between 10 Pa and 250
Pa, optionally between 20 Pa and 100 Pa.

[0135] In a 120th aspect according to any one of the
preceding aspects from the 110th to the 119th the suction
device (120) is active on the gas branch manifold (7) of
the reactor.
[0136] In a 121st aspect according to the two preceding
aspects theta control unit (50) is connected to the suction
device (120) and is configured for commanding the suc-
tion device itself as a function of said measured values
of pressure received from the pressure sensor (29), so
as to keep a status of depression in the treatment cham-
ber with respect to the outer environment, optionally
wherein the control unit is configured for controlling the
suction of the suction device such that the pressure inside
the treatment chamber is lower than the environmental
pressure by a quantity comprised in a reference range
between 10 Pa and 250 Pa, optionally between 20 Pa
and 100 Pa. In a 122nd aspect according to any one of
the preceding aspects from the 110th to the 121st the
reactor (1) comprises:

- a fluid heater (5) active on a first section (2a) of the
main channel (31),

- an electrical heater (6) active on a second section
(2b) of the main channel (31) interposed between
the first section (2a) and the outlet (4) of the main
channel (31).

[0137] In a 123rd aspect according to the preceding
aspect the fluid heater (5) comprises a fluid supply line
active on the first section (2a) of the main channel (31)
and extending around the first section (2a) for transferring
heat to the main channel.
[0138] In a 124th aspect according to any one of the
two preceding aspects the plant comprises:

- a recirculation line (108) which has:

+ a first branch (108a) connected to a terminal
end of the radiating heater (5), optionally of the
supply line of the radiating heater (5), of the re-
actor (1),
+ a second branch (108b) connected to an initial
end of the radiating heater (5), optionally of the
supply line of the radiating heater (5), of the re-
actor (1),

- a recirculation pump (109) active on the recirculation

line (108) for moving a fluid to be heated from the
first to the second branch (108a, 108b) of the recir-
culation line itself.

[0139] In a 125th aspect according to the preceding
aspect the plant comprises at least a heat exchange unit
(98) which has:

- a hot fluid chamber (98’) in fluid communication with
the exhaust gas evacuation line (73), configured for
receiving said exhaust gas deriving from the appa-
ratus (60) and conveying said exhaust gas toward
the suction device (120) of the gas evacuation line
itself,

- one or more cold fluid channels (98") located in the
hot fluid chamber (98’) and in fluid communication
with the first and second branch (108a, 108b) of the
recirculation circuit (108), wherein each cold fluid
channel (98") is configured for receiving the fluid to
be heated deriving from the first branch (108a) of the
recirculation circuit (108) and supplying a heated flu-
id in the second branch (108b) of the recirculation
circuit itself.

[0140] In a 126th aspect according to the preceding
aspect the hot fluid chamber (98’) comprises:

- a hot fluid inlet (98a’) connected to a section of the
exhaust gas evacuation line (73) downstream of the
outlet (64) of the combustion chamber (62),

- a hot fluid outlet (98b’) connected to the suction de-
vice (120).

[0141] In a 127th aspect according to any one of the
two preceding aspects the plant comprises:

- at least a collection container (102) located inferiorly
to the heat exchange unit (98),

- a loading cell (103) associated to the collection con-
tainer (102) and configured for generating a signal
representative of a weight of the collection container,

- at least a pressure sensor (104) associated to the
heat exchange unit (98) and configured for generat-
ing a signal representative of a pressure inside the
hot fluid chamber (98’).

[0142] In a 128th aspect according to the preceding
aspect a/the control unit (50) is connected to the loading
cell (103) and configured for:

- receiving one or more signals generated by said
loading cell (103),

- determining one or more measured values of weight
of the collection container (102) as a function of the
signals received from the loading cell (103),

- comparing each measured values of weight of the
collection container (102) with a threshold value of
weight.
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[0143] In a 129th aspect according to any one of the
two preceding aspects a/the control unit (50) is connect-
ed to the pressure sensor (104) and configured for:

- receiving one or more signals generated by said
pressure sensor (104),

- determining one or more measured values of pres-
sure as a function of one or more signals received
from the pressure sensor (104),

- comparing said one or more measured values of
pressure with a predefined criterion for assessing
the presence or not of a clogging condition.

[0144] In a 130th aspect according to any one of the
two preceding aspects a/said control unit (50) is connect-
ed to the loading cell of the collection container (102) and
to the pressure sensor (104), said control unit (50) being
configured for:

- determining an alarm condition as a function of:

+ said one or more measured values of weight
of the collection container (102), optionally if the
measured values of weight of the collection con-
tainer (102) are greater than the threshold value
of weight and/or
+ said one or more measured values of pressure,
optionally if the measured values of pressure in
the heat exchange unit (98) indicate the pres-
ence of the clogging condition, and subsequent-
ly

- commanding an emitter (97) for the reproduction of
an alarm signal, and/or

- commanding a cleaning procedure of said heat ex-
change unit (98).

[0145] In a 131st aspect according to any one of the
preceding aspects from the 124th to the 130th the plant
comprises a recirculation valve (110) active on the recir-
culation line (108) and having:

- an inlet door (110a) in communication with an up-
stream section of the second branch (108b) of the
recirculation line (108) which receives the fluid from
the heat exchange unit (98),

- a first outlet door (110b) in communication with a
downstream section of the second branch (108b) of
the recirculation line (108),

- a second outlet door (110c) in communication with
the first branch (108a) of the recirculation line (108).

[0146] In a 132nd aspect according to the preceding
aspect the plant comprises a connection branch (112)
which connects the second outlet door (110c) of the re-
circulation valve (110) and the first branch (108a) of the
recirculation line (108).
[0147] In a 133rd aspect according to any one of the

preceding aspects from the 124th to the 132nd the plant
comprises a check valve (111) active on the first branch
(108a) of the recirculation line (108) for preventing the
movement of the heating fluid along the first branch
(108a) and toward the reactor (1).
[0148] In a 134th aspect according to the preceding
aspect the check valve (111) is located on a section of
the first branch (108a) of the recirculation line in interpo-
sition between a joining point (J) between the connection
branch (112) and the first branch itself and the reactor (1).
[0149] In a 135th aspect according to any one of the
four preceding aspects the recirculation valve (110) is
configurable between:

- a first operative condition wherein it allows the pas-
sage of the heating fluid through the first outlet door
(110b) and at the same time prevents the passage
of the heating fluid through the second outlet door
(110c),

- a second operative condition wherein it allows the
passage of the heating fluid through the second out-
let door (110c) and at the same time prevents the
passage of the heating fluid through the first outlet
door (110a).

[0150] In a 136th aspect according to the preceding
aspect a/the control unit (50) is connected to the recircu-
lation valve (110) and wherein the cleaning procedure of
the control unit (50) comprising the steps of:

- commanding the movement of the recirculation
valve (110) from the first to the second operative
condition,

- commanding in activation one or more cleaning noz-
zles (106) which operate in the hot fluid chamber
(98’) of the heat exchange unit (98) for delivering a
cleaning fluid in the hot fluid chamber itself and in
the collection tank (102).

[0151] In a 137th aspect according to any one of the
preceding aspects from the 110th to the 136th the plant
comprises:

- a plurality of heat exchange units (98),
- upper connection curves (107a) which upperly con-

nect the hot fluid chambers (98’) of adjacent heat
exchange units (98), and/or

- lower connection curves (107b) which inferiorly con-
nect the hot fluid chambers (98’) of adjacent heat
exchange units (98),

- connection ducts (122) which connect said one or
more cold fluid channels (98") of adjacent heat ex-
change units, wherein said connection ducts (122)
are housed in the upper and lower connection curves
(107a, 107b).

[0152] In a 138th aspect according to any one of the
preceding aspects from the 110th to the 137th the plant
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comprises a filter (91), optionally a cyclonic filter, which
operates downstream of the combustion chamber (62)
for separating dusts or debris from exhaust gases leaving
the combustion chamber (62).
[0153] In a 139th aspect according to the preceding
aspect the filter (91) comprises:

- an exhaust gas inlet (92) in communication with a
section of the exhaust gas evacuation line (73) down-
stream of the outlet (64) of the combustion chamber
(62),

- a filtered gas outlet (93) destined to expel filtered
gases in a section of the exhaust gas evacuation line
(73) upstream of the heat exchange unit (98),

- a debris outlet (94) destined to receive dusts or de-
bris separated from exhaust gas in inlet to the filter.

[0154] In a 140th aspect according to any one of the
two preceding aspects the filter (91) comprises:

- a collection tank (95) in communication with the de-
bris outlet (94) for withdrawing dusts or debris,
wherein the collection tank (95) is placed in a lower
area of the filter (91),

- a loading sensor (96) associated to the collection
tank (95) and configured for generating a signal rep-
resentative of a weight of the collection tank (95).

[0155] In a 141st aspect according to the preceding
aspect a/the control unit (50) is connected to the loading
sensor (96) and configured for:

- receiving one or more signals generated by said
loading sensor (96),

- determining one or more measured values of weight
of the collection tank (95) as a function of the signals
received from the loading sensor (96),

- comparing each weight measured value of the dusts
in the collection tank (95) with a threshold value of
weight.

[0156] In a 142nd aspect according to the preceding
aspect the plant comprises a/said control unit (50) con-
nected to the loading sensor of the collection tank (95)
and configured for performing at least one of the following
steps:

- commanding an emitter (97) for reproducing an
alarm signal as a function of said one or more meas-
ured values of weight, optionally if said one or more
measured values of weight are greater than the
threshold value of weight,

- commanding a maintenance procedure of said filter.

[0157] In a 143rd aspect according to any one of the
preceding aspects from the 110th to the 142nd the plant
comprises a bypass line (99) connected to a section of
the exhaust gas evacuation line (73) downstream of the

outlet (64) of the combustion chamber (62) of the appa-
ratus (60) and optionally upstream of the heat exchange
unit (98).
[0158] In a 144th aspect according to the preceding
aspect the plant comprises an auxiliary gas movement
device (123), for example a fan, active on the bypass line
(99) for ejecting exhaust gases, for example air, in an
environment outside the plant.
[0159] In a 145th aspect according to any one of the
two preceding aspects the plant comprises a bypass
valve (101) active on the bypass line (99) for selectively
allowing the passage of gas in said bypass line (99).
[0160] In a 146th aspect according to any one of the
preceding aspects from the 110th to the 145th the plant
comprises a temperature sensor (90) active on the outlet
(64) of the combustion chamber (62) and configured for
generating a signal representative of a gas temperature
leaving the combustion chamber (62).
[0161] In a 147th aspect according to the preceding
aspect a/the control unit (50) connected to the tempera-
ture sensor (90) and configured for:

- receiving one or more temperature signals generat-
ed by said temperature sensor (90),

- determining one or more measured values of tem-
perature as a function of the signals received from
the temperature sensor (90),

- comparing each temperature measured value with
a threshold value of temperature, optionally com-
prised between 800°C and 1200°C, even more op-
tionally comprised between 900°C and 1100°C.

[0162] In a 148th aspect according to the three preced-
ing aspects the control unit (50) is connected to the by-
pass valve (101) and configured for commanding an
opening condition thereof as a function of said measured
values of temperature from the temperature sensor (90),
optionally if one or more of said measured values of tem-
perature are greater than the threshold value of temper-
ature.
[0163] In a 149th aspect according to any one of the
preceding aspects from the 110th to the 148th the plant
comprises a reactor according to any one of the preced-
ing aspects from the 1st to the 67th aspect.
[0164] In a 150th aspect it is provided a process for the
treatment of organic material through a plant according
to any one of the preceding aspects from the 110th to the
150th.
[0165] In a 151st aspect according to the preceding
aspect the process comprises the steps of:

- supplying organic material inside the treatment
chamber (2) of the reactor (1),

- moving organic material through the main conveyor
(17) of the reactor (1),

- heating the organic material through the heater of
the reactor (1),

- expelling a combustible gas generated by the heat-
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ing of the organic material from the treatment cham-
ber (2) of the reactor (1) and injecting it in the com-
bustion chamber (62) of the apparatus (60).

[0166] In a 152nd aspect according to the preceding
aspect the step of expelling the combustible gas in the
combustion chamber (62) of the apparatus (60) compris-
es the sub-step of conveying, through the connection
channel (81), said combustible gas in the burner (75) of
the apparatus (60).
[0167] In a 153rd aspect according to any one of the
three preceding aspects the process comprises a step
of injecting, through the comburent gas supply line (85),
a comburent gas, for example air, in the fluid supply circuit
(65) of the apparatus (60).
[0168] In a 154th aspect according to any one of the
four preceding aspects the process comprises a step of
withdrawing an exhaust gas from the combustion cham-
ber (62) of the apparatus (60) and subsequently:

- channeling said exhaust gas withdrawn from the
combustion chamber (62) in the exhaust gas evac-
uation line (73).

[0169] In a 155th aspect according to the preceding
aspect the process provides for the step of channeling,
through the bypass line (99), said exhaust gas in an en-
vironment outside the plant.
[0170] In a 156th aspect according to any one of the
preceding aspects from the 150th to the 155th the process
comprises a step of heating which involves the following
sub-steps:

- conveying in the hot fluid chamber (98’) of the heat
exchange unit, the exhaust gas coming from the
combustion chamber,

- supplying, in said one or more cold fluid channels
(98") of the heat exchange unit (98), a fluid to be
heated coming from the fluid supply line of the fluid
heater (5) of the reactor (1),

- expelling, in an environment outside the plant, the
exhaust gas from the hot fluid chamber (98’),

- moving, in the fluid supply line of the radiating heater
(5) of the reactor (1), a heated fluid coming from said
one or more cold fluid channels (98") of the heat
exchange unit (98).

[0171] In a 157th aspect according to the preceding
aspect the step of conveying the exhaust gas in the hot
fluid chamber (98’) comprises a step of withdrawing said
exhaust gas from the exhaust gas evacuation line (73).
[0172] In a 158th aspect according to any one of the
two preceding aspects the steps of supplying the fluid to
be heated in said one or more cold fluid channels (98")
and moving the heated fluid in the fluid supply line of the
reactor (1) comprises the sub-step of moving, through
the recirculation pump (109), said fluids in the first and
second branch (108a, 108b) of the recirculation line

(108).
[0173] In a 159th aspect according to any one of the
preceding aspects from the 150th to the 158th the process
comprises a step of discharging dusts from the collection
container (102) associated to the heat exchange unit
(98), as a function of weight values of the collection con-
tainer itself, optionally if said weight values of the collec-
tion container (102) are greater than a threshold value
of weight.
[0174] In a 160th aspect according to any one of the
preceding aspects from the 150th to the 159th the process
comprises a cleaning procedure of said heat exchange
unit (98) as a function of weight values of the collection
container (102) and/or as a function of measured values
of a pressure detected in the hot fluid chamber (98’) of
the heat exchange unit (98), said cleaning procedure
comprises the step of commanding in activation one or
more cleaning nozzles (106) which operate in the hot
fluid chamber (98’) of the heat exchange unit (98).
[0175] In a 161st aspect according to any one of the
preceding aspects from the 150th to the 160th the process
comprises a step of filtering, through the filter (91), the
exhaust gas leaving the combustion chamber (62) of the
apparatus (60).
[0176] In a 162nd aspect according to any one of the
preceding aspects from the 150th to the 161st the process
comprises a maintenance procedure of the filter (91) of
the apparatus (60) comprising a step of discharging dusts
from the collection tank (95) as a function of weight values
of the collection tank (95), optionally if said weight values
of the collection tank (95) are greater than a threshold
value of weight.
[0177] In a 163rd aspect according to any one of the
preceding aspects from the 150th to the 162nd the process
comprises a step of conveying gas in the bypass line (99)
as a function of one or more temperature values detected
by the temperature sensor (90), optionally wherein said
temperature values are greater than the threshold value
of temperature, even more optionally comprised between
900°C and 1200°C.
[0178] In a 164th aspect it is provided a main conveyor
(17) comprising:

- a shaft (18) movable by rotation around an axis par-
allel to a/the prevalent development longitudinal di-
rection (A) of the main channel (31),

- one or more helical rotors (19) radially emerging from
the shaft (18) and interconnected to each other to
define a coil,

wherein at least one of said one or more helical rotors
(19) is a hollow rotor (20) having:

- a perimeter edge (21) extending itself as a coil
around the shaft (18),

- a cavity (22) defining a passage radially interposed
between the shaft (18) of the main conveyor and the
perimeter edge (21) of the hollow rotor (20).
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[0179] In a 165th aspect according to the preceding
aspect each hollow rotor (20) has one or more transversal
spokes (23) which engage respective sections of the pe-
rimeter edge (21) to the shaft (18).
[0180] In a 166th aspect according to the preceding
aspect the spokes (23) of a respective hollow rotor (20)
are angularly offset to each other, optionally by an angle
comprised between 70° and 110°, even more optionally
comprised between 80° and 100°.
[0181] In a 167th aspect according to any one of the
three preceding aspects at least one of said one or more
helical rotors (19) is a solid rotor (24) free from cavities
which extends radially from the shaft to an inner surface
of the main channel (31).
[0182] In a 168th aspect according to the preceding
aspect at least one of said one or more hollow rotors (20)
are consecutively joined to a solid rotor (24).
[0183] In a 169th aspect according to any one of the
two preceding aspects at least a solid rotor (24) of the
conveyor (17), optionally having a or more coils, operates
at one or each terminal section of the shaft (18).
[0184] In a 170th aspect according to any one of the
preceding aspects from the 164th to the 169th the con-
veyor (17) comprises one or more wings (25) transverse-
ly emerging from the shaft (18) and spaced from the hel-
ical rotors (19), configured for terminally contacting an
inner surface of the main channel (31).
[0185] In a 171st aspect according to the preceding
aspect the wings (25) are spaced apart to each other
along the shaft (18).
[0186] In a 172nd aspect according to any one of the
two preceding aspects each wing (25) is angularly offset
from an adjacent wing, optionally by an angle comprised
between 70° and 200°.
[0187] In a 173rd aspect according to any one of the
three preceding aspects each wing (25) has:

- a rod (25a) engaged transversely to the shaft (18)
of the conveyor (17),

- a terminal body (25b) engaged to the rod (25a) on
the opposite side to the shaft (18).

[0188] In a 174th aspect according to the preceding
aspect the terminal body (25b) of the wing (25) has a
platelike conformation.
[0189] In a 175th aspect according to any one of the
two preceding aspects the terminal body (25b) has an
elongated conformation transversely to the rod (25a) of
the wing (25), defining, in cooperation with the rod (25a),
a substantially "T" or "L" shape.
[0190] In a 176th aspect according to any one of the
three preceding aspects the terminal body (25b) of the
wing (25) has at least a contact surface sloped with re-
spect to a horizontal plane passing by the shaft (18) of
the conveyor (17). In a 177th aspect according to any one
of the preceding aspects from the 164th to the 176th the
conveyor (17) comprises:

- at least a first sector comprising a plurality of helical
rotors (19) interconnected to each other,

- at least a second sector, adjacent to the first area
and comprising a plurality of wings (25).

[0191] In a 178th aspect according to the preceding
aspect the conveyor (17), for a preponderant part of the
length of the shaft (18), has a plurality of first sectors
interspersed by second sectors.
[0192] In a 179th aspect according to any one of the
two preceding aspects the first and second sectors cover
at least the 70% of the length of the shaft (18).
[0193] In a 180th aspect according to any one of the
three preceding aspects the conveyor (17) has respec-
tive first sectors in proximity of each terminal section of
the shaft (18), said first sectors comprising solid rotors
and/or hollow rotors (19).
[0194] In a 181st aspect according to any one of the
four preceding aspects a central section of the conveyor
(17) has one or more first sectors comprising exclusively
hollow rotors (19).

BRIEF DESCRIPTION OF THE DRAWINGS

[0195] Some embodiments and aspects of the inven-
tion will be described herein with reference to the accom-
panying figures, provided for illustrative purposes only
and therefore not limiting wherein:

- figure 1 is a perspective and schematic view of a
plant for the treatment of organic material according
to the aspects of the present invention;

- figure 2 is a longitudinal cross-sectional view of a
reactor according to the aspects of the present in-
vention;

- figure 3 is a detailed perspective view of a gas branch
manifold of the reactor of figure 2;

- figure 4 is a perspective view of the reactor of figure 2;
- figure 5 is a further perspective view of a cross-sec-

tion of the reactor of figure 2;
- figure 6 a perspective view of a main conveyor that

may operate in the reactor of figure 2;
- figures 7 and 8 are respective partially cross-sec-

tional perspective views of a loading conveyor and
an unloading conveyor usable with the reactor of fig-
ure 2;

- figure 9 is a side section view of a burner according
to the present invention;

- figure 10A is a detail side view of a burner according
to the present invention;

- figure 10B is a longitudinal view of a burner variant
according to other aspects of the present invention;

- figures 11 and 12 are respectively a perspective view
and a side view of plant parts for the treatment of
organic material according to the aspects of the
present invention.
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DEFINITIONS AND CONVENTIONS

[0196] It is noted that in the present detailed description
corresponding parts shown in the various figures are in-
dicated with the same numerical references. Figures may
illustrate the object of the invention through unscaled rep-
resentations; therefore, parts and components shown in
the figures relating to the object of the invention may re-
late exclusively to schematic representations.

CONTROL UNIT

[0197] At least one between the reactor and the plant
herein described and claimed may comprise/use at least
a control unit designed to control the operating conditions
set up by the reactor itself and/or plant and/or to control
the steps of the processes herein described and/or
claimed.
[0198] The control unit may be a single unit or be
formed by a plurality of distinct control units depending
on design choices and operational requirements.
[0199] As a control unit it is intended a component of
electronic type which may comprise at least one of: a
digital processor (CPU), an analogue type circuit, or a
combination of one or more digital processors with one
or more analogue type circuits. The control unit may be
"configured" or "programmed" to perform some steps:
this may be practically made by any means that allows
to configure or program the control unit. For example, in
case of a control unit comprising one or more CPUs and
one or more memories, one or more programs may be
stored in appropriate memory banks connected to the
CPU or CPUs; the program or programs contain instruc-
tions which, when executed by the CPU or by the CPU(s),
program or configure the control unit to perform the op-
erations described in relation to the control unit. Alterna-
tively, if the control unit is/or comprises circuitry of an
analogue type, then the circuit of the control unit may be
designed to include circuitry configured, in use, to proc-
ess electrical signals in such a way as to perform the
steps related to the control unit. Parts of the process here-
in described may be made by means of a data processing
unit or control unit, technically replaceable with one or
more computers designed to carry out a portion of a soft-
ware program or firmware uploaded onto a memory sup-
port. This software program may be written in any pro-
gramming language of known type. The computers, if
two or more in number, may be connected to each other
by means of a data connection such that their computing
powers are in any way shared; the same computers may
thus be installed in geographically different locations as
well, thereby realizing by means of the aforesaid data
connection a distributed computing environment. The da-
ta processing unit, or control unit, may be a general-pur-
pose processor configured to perform one or more parts
of the process identified in the present invention via the
software or firmware program, or being an ASIC or ded-
icated processor or an FPGA, specifically programmed

to carry out at least part of the operations of the process
herein described. The memory support may be non-tran-
sitory and may be inside or outside the processor, or
control unit, or data processing unit, and can, specifically,
be a memory geographically located remotely with re-
spect to the computer. The memory support may also be
physically divided into several portions, or in the form of
cloud, and the software or firmware program may be
stored on memory portions geographically divided to
each other.

DETAILED DESCRIPTION

General description of plant 100

[0200] With reference to the accompanying figures, a
plant for the thermochemical treatment of organic mate-
rial, for example sludges from civil or industrial sewage,
for producing a combustible gas subsequently referred
to as synthetic gas, has been overall indicated with 100.
Further carbonaceous residues, obtained by heating the
organic material, may be refined to obtain further prod-
ucts such as, for example, active carbons.
[0201] As shown in Figure 1, the plant 100 comprises
a reactor 1 for the production of synthetic gas by means
of heating the organic material at temperatures com-
prised between 400°C and 800°C, in environments in the
absence of oxidizing agents, at a controlled temperature
and pressure. A heating of the reactor 1 at such temper-
atures implies a high energy consumption that may cause
high operating costs of the plant. The present invention
solves this drawback by using an apparatus 60 suitable
for using the synthetic gas as combustible to generate
heat useful for heating the reactor. In other words, the
apparatus 60 allows, in cooperation with other elements
of the plant 100 described below, to self-power the reac-
tor 1 for treating the organic material and minimizing the
operating costs of the plant itself. Additionally, the on-
site combustion of the synthetic gas by means of the
apparatus 60, avoids complex and expensive storage
activities of the synthetic gas.
[0202] Before going into the details of the structure and
operation of the individual elements that compose the
plant 100, the general operation and structure of the plant
will be described below, focusing on the interactions be-
tween the various components.
[0203] As mentioned, the reactor 1 comprises at least
one heater active on a main channel 31 of the reactor 1
to heat, partially or integrally, a treatment chamber 2 in-
side the main channel 31, in which the organic material
to be treated is located. The heater comprises a fluid
heater 5 formed by a supply line 5a, for example helically
shaped, whose coils are wound around the reactor,
where circulates a heating fluid, optionally oil, for heating
the organic material and transferring heat to the main
channel 31. During the normal operation at steady state
of the plant, the heating of the organic material results in
the production of synthetic gas which is transferred, via

25 26 



EP 4 484 823 A2

15

5

10

15

20

25

30

35

40

45

50

55

a connection channel 81, to the apparatus 60 for being
combusted when mixed with a comburent gas, optionally
air. The supply of the comburent gas to the apparatus 60
may be made by means of a comburent gas supply line
85 for channeling the comburent gas itself, from an en-
vironment outside the plant, towards the apparatus 60.
The plant 100 may also comprise a movement device
84, for example a fan, active on the comburent gas supply
line 85 for supplying the comburent gas towards the ap-
paratus 60. After the combustion of the synthetic gas with
the comburent gas, an exhaust gas having a temperature
comprised between 800°C and 1000°C is obtained,
which is expelled from the apparatus 60 through an ex-
haust gases evacuation line 73 which channels it to a
heat exchange unit 98 later described. The plant 100 may
also comprise a suction device 120, for example a fan,
operating on the exhaust gas evacuation line 73, to suck
the exhaust gas from the apparatus 60, move it in the
heat exchange unit 98 and expel it in the environment.
[0204] Unlike what has been described above which,
as it has been said, refers to a condition of normal oper-
ation at steady state of the plant 100, in a condition of
first start-up of the plant itself, and therefore in the ab-
sence of synthetic gas produced by the reactor, it is pro-
vided, by means of an auxiliary access 88, the forced
supply of an exhaust gas, for example methane gas, for
producing the exhaust gas useful for heating the heating
fluid circulating in the reactor 1.
[0205] As mentioned above, the exhaust gas in the ap-
paratus 60, is used by the heat exchange unit 98 for trans-
ferring heat to the heating fluid circulating in the fluid heat-
er 5 of the reactor 1. The plant 100 may therefore have
a recirculation line 108 that transfers the heating fluid of
the fluid heater 5 from the reactor 1 until the heat ex-
change unit 98 is reached for being heated. In an exam-
ple, the recirculation line 108 comprises a first branch
108a connected to a terminal end of the fluid heater 5 for
channeling the heating fluid to the heat exchange unit
98, as well as a second branch 108b, connected to an
initial end of the fluid heater 5, for receiving the heating
fluid, opportunely heated, deriving from the heat ex-
change unit 98. The plant 100 may also comprise a re-
circulation pump 109, for example active on the first
branch 108a of the recirculation line 108 as shown in
Figure 1, for moving the heating fluid through the branch-
es of the recirculation line 108 itself and into the fluid
supply line of the fluid heater 5. The plant may also com-
prise a recirculation valve 110 active on the recirculation
line 108 for selectively allowing the passage on the sec-
ond branch 108b of the recirculation line itself. In an ex-
ample, the recirculation valve 110 may be a three-way
diverter valve, having an inlet door 110a in communica-
tion with an upstream section of the second branch 108b,
as well as a first and a second outlet door 110b, 110c,
respectively in communication with the second and first
branch 108b, 108a of the recirculation line 108. The plant
may also comprise a connection branch 112 that con-
nects the second outlet 110c of the recirculation valve

110 with the first branch 108a of the recirculation line
108. In a first operating condition, coinciding with a nor-
mal operating condition of the plant, the recirculation
valve 110 allows exclusively the passage of the heating
fluid along the second branch 108b of the recirculation
line 108. Vice versa, in a second operating condition, the
recirculation valve 110 exclusively allows the passage of
the heating fluid along the connection branch 112 to re-
introduce the heating fluid into the first branch 108a of
the recirculation line 108, thereby isolating the reactor 1.
The plant 100 may comprise a control unit 50 connected
to the recirculation valve 110 and configured to control
the movement thereof between the first and second op-
erating condition if a cleaning procedure of the heat ex-
change unit 98 is performed, as described below. It is
noted that the control unit commands the second oper-
ating condition of the recirculation valve 110 in order to
facilitate the dissipation of heat retained by the heating
fluid circulating through the heat exchange units, and to
avoid vaporization, and therefore the ineffectiveness, of
a cleaning fluid dispensed during the cleaning procedure.
By reducing the temperature of the heating fluid, an effi-
cient and effective cleaning of the heat exchange unit 98
may thus be realized.
[0206] The plant may further comprise a check valve
111 which operates in the first branch 108a of the recir-
culation line 108, in interposition between a joining point
J between the connection branch 112 with the first branch
108a of the recirculation line and the reactor 1. This check
valve 111 prevents, in the second operating condition of
the recirculation valve 110, the passage of the heating
fluid into the first branch 108a of the recirculation line, in
the direction of the reactor 1.
[0207] As shown in detail in figures 11 and 12, the plant
100 comprises a heat exchange unit 98 responsible for
performing the heating of the working fluid by exploiting
the exhaust gas in the apparatus 60. The heat exchange
unit 98 may have a hot fluid chamber 98’ destined to
receive the exhaust gas deriving from the apparatus 60
and exchange heat with one or more cold fluid channels
98", present in the hot fluid chamber 98’ and containing
the heating fluid deriving from the fluid heater 5. In an
example, the hot fluid chamber 98’ has a hot fluid inlet
connected to the exhaust gases evacuation line 73 and
a hot fluid outlet 98b’ connected to the suction device
120. According to what is shown in figures 11 and 12,
the plant 100 may comprise a plurality of heat exchange
units 98, interconnected to each other by means of upper
107a and lower 170b connection curves or joints, to de-
fine a single hot fluid chamber 98’ that receives the ex-
haust gas from the exhaust gas evacuation line and chan-
nels it towards the suction device 120 for being expelled
into the environment. Each cold fluid channel 98" may
be a single duct or, if in presence of a plurality of heat
exchange units, may have different sections intercon-
nected to each other by connection ducts 122 housed in
the upper and lower connection curves 107a, 107b, to
define a single channel traversed by the heating fluid. It
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is noted that the cold fluid channel 98" is connected at
its opposite ends to the first and to the second branch
108a, 108b of the recirculation line 108, defining, in co-
operation with the recirculation line 108 itself and with
the fluid supply line 5a of the fluid heater 5, a single
closed-loop circuit.
[0208] The plant 100 may also comprise one or more
collection containers 102, each of which located inferiorly
and in communication with a respective heat exchange
unit 98 for withdrawing dusts or solid debris which sep-
arate themselves from the exhaust gas in circulation in
the hot fluid chamber 98’. A loading cell 103 may be as-
sociated to each collection container 102 for generating
a signal representative of a weight of the collection con-
tainer itself: as a function of this signal it is possible to
determine an alarm condition indicative of a maximum
filling of the collection container 102. The control unit 50
connected to the loading cell/s 103 is configured for:

- receiving one or more signals generated by said
loading cell/s 103,

- determining one or more measured values of weight
of each collection container 102 as a function of the
signals received from the respective loading cell 103,

- comparing each weight measured value of each col-
lection container 102 with a threshold value of
weight.

[0209] The control unit 50 is then configured for deter-
mining an alarm condition, as a function of the measured
values of weight of each collection container 102, which
commands an emitter 97 for reproducing an alarm signal
(for example optical and/or acoustic) addressed to a user,
in charge of performing a manual cleaning procedure of
the collection container 102 and of one or more heat ex-
change units 98. Alternatively, the control unit 50 may be
configured for commanding an automatic cleaning pro-
cedure of the heat exchange unit 98 which involves com-
manding the activation of one or more cleaning nozzles
106 inside the hot fluid chamber 98’ of a respective heat
exchange unit 98, for dispensing a cleaning fluid acting
both in the hot fluid chamber 98’ itself and in the collection
tank 102. It is noted that the cleaning procedure addition-
ally involves commanding the movement of the recircu-
lation valve 110 from the first to the second operating
condition.
[0210] The plant may also comprise one or more pres-
sure sensors 104 which operate inside a hot fluid cham-
ber 98’ of a respective heat exchange unit 98, each of
which configured for generating a pressure signal related
to the pressure inside a respective hot fluid chamber 98’.
It is noted that the presence of pressure sensors 104
facilitates the determination of possible clogging in the
hot fluid chambers 98’ by means of the detection of the
trend over time of the pressure in a predefined point of
the heat exchange unit or pressure variation over the
heat exchange unit itself. The control unit 50 may be con-
nected to each pressure sensor 104 and configured for:

- receiving one or more signals generated by each
pressure sensor 104,

- determining one or more measured values of pres-
sure as a function of the signals received from a re-
spective pressure sensor 104,

- comparing said one or more measured values of
pressure with a predefined criterion for assessing
the presence or not of a clogging condition; for ex-
ample each pressure measured value in a same
point of the heat exchange unit 98 may be compared
with a threshold pressure value for assessing wheth-
er or not there is a pressure drop which indicates the
presence of clogging; alternatively pressure values
between two points of the unit 98 may be compared
for deducting the presence of pressure losses indic-
ative of clogging.

[0211] Subsequently, the control unit 50 may be con-
figured for determining an alarm condition if one or more
measured values of pressure indicate the occurrence of
clogging and subsequently, commanding the emitter 97
for the emission of an alarm signal or commanding the
execution of the automatic cleaning procedure described
above. As for example shown in figures 9, 10A and 11,
the plant may also comprise a filter 91, optionally of cy-
clonic type, which operates on the exhaust gases evac-
uation line 73 upstream of the heat exchange unit 98, for
separating dusts or debris mixed in the exhaust gas leav-
ing the apparatus 60. The filter 91 may comprise an ex-
haust gases inlet 92, in communication with the exhaust
gases evacuation line 73, for receiving the exhaust gas,
as well as a filtered gas outlet 93 for channeling filtered
gases in a downstream section of the exhaust gases
evacuation line in direction of the heat exchange unit 98.
The filter 91 may also comprise a debris outlet 94 in com-
munication with a collection tank 95 for the deposit of
solid particles separated from the exhaust gas. Associ-
ated to the collection tank 95, the filter 91 may have a
loading sensor 96 for generating one or more signals
representative of a weight of the collection tank itself and
detecting a condition of maximum filling of the collection
tank itself. The control unit 50 is connected to the loading
sensor 96 and is configured for:

- receiving one or more signals generated by the load-
ing sensor 96,

- determining one or more measured values of weight
of the collection tank 95 as a function of the signals
received from the loading sensor 96,

- comparing each weight measured value of the col-
lection tank 95 with a threshold value of weight.

[0212] The control unit 50 is then configured for deter-
mining an alarm condition as a function of the measured
values of weight of the collection tank 95, for example if
these measured values of weight are greater than a
threshold value of weight. This alarm condition involves
commanding the emitter 97 for the reproduction of an
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alarm signal, for example optical or acoustic, or for com-
manding an automatic maintenance procedure of the fil-
ter.
[0213] The plant may also comprise a bypass line 99
connected to a section of the exhaust gases evacuation
line 73 downstream of the outlet 64 of the apparatus 60,
for deviating a flow of the exhaust gas directly in the en-
vironment without passing through the heat exchange
unit 98 and/or the filter 91. It is noted that if the exhaust
gas leaving the apparatus 60 has a temperature greater
than a threshold value of temperature, optionally com-
prised between 800°C and 1200°C, it is preferable to
disperse directly into the environment the exhaust gas
and avoid unwanted overheating and malfunctions of the
heat exchange unit 98. For this purpose, the plant 100
may also comprise a bypass valve 101 which operates
on the bypass line 99 for selectively allowing the passage
of the exhaust gas through the bypass line itself. The
plant 100 may also comprise an auxiliary gas movement
device 123, for example a fan, active on the bypass line
99 for ejecting the exhaust gas into the atmosphere. The
detection of the temperature of the exhaust gas is made
by means of a temperature sensor 90, active on the outlet
64 of the apparatus 60 (figure 9) and configured for gen-
erating one or more signals representative of a temper-
ature of the exhaust gas. The control unit 50 is connected
to the temperature sensor 90 and is configured for:

- receiving one or more temperature signals generat-
ed by said temperature sensor 90,

- determining one or more measured values of tem-
perature as a function of the signals received by the
temperature sensor 90,

- comparing each measured values of temperature
with the threshold value of temperature.

[0214] If the control unit 50 detects that one or more
of the measured values of temperature, obtained by
means of the temperature sensor 90, are greater than
the threshold value of temperature, then the control unit
50 is configured for commanding an opening condition
of the bypass valve for allowing the channeling of the
exhaust gas in the bypass line 99 and, consequently,
preventing the passage thereof towards the heat ex-
change unit 98.
[0215] To complete the description of the plant 100,
the structure and the functionality of the single reactor 1
and the single apparatus 60 will be described in detail
below.

Detailed description of the reactor 1

[0216] With reference to the accompanying figures, the
reference number 1 indicates a reactor for the treatment
of organic material, suitable for preventing the formation
and the transport of dusty particles mixed with synthetic
gases produced by the reactor itself. As for example
shown in figure 2, the reactor 1 comprises a main channel

31 which defines a treatment chamber 2 where it is per-
formed a pyrolytic treatment of the organic material. The
main channel 31 has an elongated body having tubular
shape, optionally cylindrical, for example having constant
cross section. The main channel 31 extends along a lon-
gitudinal development direction A between an inlet 3 for
receiving organic material to be treated and an outlet 4,
in communication with the inlet 3, destined to unload the
treated organic material outside the treatment chamber
2. The inlet 3 is for example a radial opening defined at
a terminal end of the elongated body of the main channel
31, whereas the outlet 4 is for example an axial opening
of the main channel 31 opposite to the inlet 3.
[0217] The reactor 1 may also have a connection chan-
nel 30, cylindrical tubular-shaped, which puts in commu-
nication the outlet 4 of the main channel 31 with an un-
loading conveyor 16 subsequently detailed, for the un-
load of material treated in the main channel 31. As for
example shown in figure 2, the connection channel 30
has an axial access 30a engaged to the outlet 4 of the
main channel 31 and a radial outlet 30b opposite to the
axial access 30a. The connection channel 30 is sloped
with respect to the main channel 31, having the axial
access 30a misaligned from the radial outlet 30b of the
connection channel 30 with respect to a direction parallel
to the longitudinal development direction A of the main
channel 31. In other words, the radial outlet 30b of the
connection channel 30 results located inferiorly to the
axial access 30a and consequently inferiorly to the outlet
4 of the main channel 31.
[0218] The reactor 1 may also comprise a heater active
on the main channel for heating the organic material
present in the treatment chamber 2. In the following, ref-
erence is made in a non-limiting way, to a heater com-
prising a fluid heater 5 and an electric heater 6. However,
it is possible to provide a single heater comprising exclu-
sively a fluid heater or an electric heater or other types
of heaters. As for example shown in figures 2 and 5, the
fluid heater 5 is active on a first section 2a of the main
channel 31, next to the inlet 3 and extending for a pre-
ponderant part, optionally greater than the 60%, of an
overall extension of the main channel measured between
the inlet 3 and the outlet 4. The fluid heater 5 comprises
a fluid supply line 5a which may be made with one or
more ducts for the movement of a heating fluid. The ducts
are placed in contact with an outer surface of the main
body 31 for exchanging heat with an environment inside
the main body 31 and heating the organic material. These
ducts may have a single coil channel arranged along a
helical trajectory around the main channel 31. In this re-
gard, as shown in figure 5, the duct of the fluid supply
line 5a of the fluid heater 5, may be formed by a helical
sheet arranged radially around the main channel 31 of
the reactor and upperly delimited by a tubular case 63
radially outside the main channel 31. The channel of the
fluid supply line 5a where the heating fluid flows is then
laterally delimited by successive sections of the helical
sheet, whereas it is radially delimited by the outer surface
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of the main channel 31 and by the tubular case 63.
[0219] As previously mentioned (see figure 1), the fluid
heater 5 may be connected to the first and to the second
branch 108a, 108b of the recirculation line 108 for sup-
plying, by means of the first branch 108a of the recircu-
lation line 108, the heating fluid, optionally at low tem-
peratures, to the heat exchanger and receiving, by
means of the second branch 108b of the recirculation
line itself, the heating fluid, at high temperatures. The
connection between the fluid supply line 5a of the fluid
heater 5 and the recirculation line may be made by means
of connectors positioned at opposite ends of the fluid
supply line 5a itself, allowing the inlet of hot heating fluid
at an area of the line 5a next to the inlet 3 of the main
channel 31 and supplying, from the side opposite to the
inlet 3, cold fluid to the recirculation circuit 108. A fluid-
tight connection between the fluid supply line 5a and the
heat exchange unit 98, optionally made by connectors,
allows the movement of relatively hot fluid in the reactor
1 and the discharge of relatively cold fluid from the reac-
tor. The cooled fluid, after being reheated as previously
detailed, is recirculated back to the reactor 1. As previ-
ously mentioned, the heater may also comprise an elec-
tric heater 6 active on a second section 2b of the main
channel 31 interposed between the first section 2a and
the outlet 4 of the main channel 31. The second section
2b extends for a terminal section of the main channel 31
next to the outlet 4, having a length lower than the first
section 2a. The organic material may be almost totally
heated by the fluid heater 5, whereas it may be only mar-
ginally heated by the electric heater 6. The electric heater
6 may comprise one or more electrical resistances in
contact with the outer surface of the main channel 31 for
heating the organic material when connected to the pow-
er grid.
[0220] The reactor 1 may also comprise a temperature
sensor 28, active in the treatment chamber 2 in proximity
of a gas outlet opening 8 and connected to the control
unit 50 which is responsible for controlling the tempera-
ture of the fluid heater 5 and the electric heater 6. The
temperature sensor 28 is configured for generating one
or more signals representative of a temperature inside
the treatment chamber 2, used by the control unit 50 for
determining one or more measured values of tempera-
ture to be compared with a threshold value of temperature
comprised between 280°C and 800°C, optionally com-
prised between 320°C and 680°C. The control unit 50
may also be connected to both the fluid heater 5 and to
the electric heater 6 for commanding the functioning
thereof as a function of measured values of temperature.
Optionally the control unit 50 may command the heaters
5 and 6 in a completely independent manner, implement-
ing dedicated control strategies for each heater. A tem-
perature control strategy may for example involve heat-
ing the treatment chamber 2 by means of the fluid heater
5, until a first threshold is reached, for example comprised
between 250°C and 450°C, followed by heating by
means of the electric heater 6 until a second temperature

threshold is reached, optionally comprised between
400°C and 800°C. It is noted however that both control
logics implementable by the control unit 50, use as tem-
perature feedback signal the signals provided by the tem-
perature sensor 28.
[0221] The reactor may also comprise a pressure sen-
sor 29 active in the treatment chamber 2 and configured
for allowing the control unit 50 to maintain a substantially
constant level of pressure in the treatment chamber 2:
the pressure in the treatment chamber is for example
constantly maintained lower than the environmental
pressure present in the environment outside the reactor.
The control unit 50 is connected to the pressure sensor
29 and is configured for:

+ receiving one or more pressure signals generated
by said pressure sensor 29,
+ determining one or more measured values of pres-
sure as a function of the signals received from the
pressure sensor 29,
+ verifying if said one or more of the measured values
of pressure indicate that the pressure inside the
treatment chamber is lower than the environmental
pressure, reigning outside the plant.

[0222] According to an aspect the control unit 50 ver-
ifies if one or more of the measured values of pressure
indicate that the pressure inside the treatment chamber
is lower than the environmental pressure by a quantity
comprised in a reference range between 10 Pa and 250
Pa, optionally between 20 Pa and 100 Pa.
[0223] If one or more measured values of the relative
pressure in the reactor 1 are external to the above spec-
ified reference range, the control unit 50 is configured for
commanding the suction device 120 for adjusting conse-
quently the ejection of the synthetic gas from the main
channel 31.
[0224] As for example shown in figure 7, the reactor 1
may comprise a loading conveyor 15 which operates in
proximity of the inlet 3 of the main channel 31 for moving
organic material in the treatment chamber 2. The loading
conveyor 15 may be a screw or auger conveyor which
operates inside a loading channel 12a engaged, at a first
end 15a, to the inlet 3 of the main channel 31 for defining,
in cooperation with the latter, a single channel. The load-
ing channel 12a is laterally engaged to the main channel
31 at or in immediate proximity of the inlet 3 of the main
channel 31, where, by means of an axial access, com-
municates with the treatment chamber 2. The loading
channel 12a may also have, at a second end 15b oppo-
site to the first end, an inlet mouth 32a configured for
receiving organic material from a hopper 33 subsequent-
ly described. In an example, the inlet mouth 32a may
have a connection shank radially emerging from the load-
ing channel 12a for facilitating the connection with the
hopper 33. The loading channel 12a and consequently
the loading conveyor 15 are sloped with respect to the
main channel 31, with the second end 15b which is lo-
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cated inferiorly to the first end 15a. In other words, the
loading channel 12a is sloped with respect to a horizontal
plane by an inner angle comprised between 10° and 85°,
optionally comprised between 20° and 70°. It is noted
that this inclination of the loading channel 12a deter-
mines, during the steps of loading, the movement against
gravity of the organic material, preventing the lifting and
the supply of dusts in the treatment chamber 2 of the
main channel 31. The reactor 1 may also comprise a
motor 14a connected to the loading conveyor 15 at the
second end 15b, for moving the loading conveyor 15 with
respect to the loading channel 12a. The reactor 1 may
also comprise said control unit 50, connected to the motor
14a associated to the loading conveyor 15, configured
for commanding the movement thereof as a function of
a predetermined speed profile, optionally at constant
speed. As previously mentioned, the reactor 1 may also
comprise or be associated to a hopper 33 connected to
the loading conveyor 15 and configured for storing the
organic material to be treated in the treatment chamber
2. The hopper 33 may have a container having a trun-
cated pyramid shape or an inverted cone shape,
equipped with an unloading opening 34 on a lower end
of the container, for discharging the organic material
downstream in the direction of the loading conveyor 15.
The hopper 33 may also comprise an unloading channel
35 which connects the unloading opening 34 of the hop-
per with the inlet mouth 32a of the loading channel 12a,
defining a single fluid tight connection which prevents the
dispersion of dusts in the environment. The reactor 1 may
also comprise a conveyor or an auger, activated by an
electric motor, active on the unloading channel 35 for
controlling the movement of organic material towards the
loading channel 12a.
[0225] As for example shown in figure 6, the reactor 1
comprises a main conveyor 17 which operates in the
main channel 31, for moving the organic material under
treatment in the treatment chamber 2, from the inlet 3 to
the outlet 4 along a predetermined treatment path inside
the main channel 31. The main conveyor 17 may be a
screw or auger conveyor having a shaft 18 movable by
rotation about an axis parallel to the longitudinal devel-
opment direction A of the main channel 31, from which
radially emerge one or more helical rotors 19 intercon-
nected to each other to define a coil. At least one of said
helical rotors 19 is a solid rotor 24 extending seamlessly
until in proximity of an inner surface of the main channel
31, for moving the material under treatment towards the
outlet 4. In other words, each solid rotor 24 has an outer
surface devoid of cavities for maximizing the area of con-
tact with the material under treatment and efficiently mov-
ing it towards the outlet 4. The main conveyor 17 has a
respective solid rotor 24 with one or more coils, at ends
of the shaft 18 respectively next to the inlet 3 and to the
outlet 4 of the main channel 31 and having hollow rotors
20 or wings 25 described below, at an intermediate sec-
tion between the inlet and the outlet 3, 4 of the main
channel 31.

[0226] In an example, one or more helical rotors 19 are
hollow rotors 20, i.e. have a cavity 22 defining a passage
radially interposed between the shaft 18 of the main con-
veyor 17 and a perimeter edge 21 of the hollow rotor 20
which surrounds the shaft 18. It is noted that the cavity
22 of each hollow rotor 20 allows not only the passage
of organic material under treatment, but also the passage
of synthetic gases generated by heating of the organic
material itself, thereby increasing the efficiency of the
treatment. The presence of hollow rotors 20 prevents al-
so a movement of synthetic gases through the material
under treatment, thus avoiding the lifting of dusty parti-
cles which, when mixed with the synthetic gas, contribute
to reduce the overall quality of the synthetic gas.
[0227] The hollow rotors 20 may be engaged to the
shaft 18 by means of an adjacent solid rotor 24 or by
means of one or more transversal spokes 23 which con-
nect respective sections of the perimeter edge 21 to the
shaft 18. In an example, each hollow rotor may have one
or more spokes 23 angularly offset to each other by an
angle comprised between 70° and 110°, even more op-
tionally comprised between 80° and 100°, for conferring
structural rigidity to the hollow rotors 20. The main con-
veyor 17 may also comprise one or more wings 25 radially
emerging from the shaft 18 until at the inner surface of
the main channel, configured for moving the material un-
der treatment in contact with the inner surface itself of
the main channel 31. The wings 25 allow to mix the or-
ganic material under treatment and, bringing it into con-
tact with the inner surface of the channel, make the heat
transmission with the main channel 31 more efficient.
Referring again to figure 6, the main conveyor 17 com-
prises a plurality of wings 25 angularly offset to each oth-
er, for example by an angle comprised between 70° and
200°, optionally comprised between 80° and 100°. Each
wing may have a curved terminal body 25b which con-
tacts the inner surface of the main channel 31, connected
to the shaft 18 of the main conveyor 17 by a rod 25a. The
terminal body 25b of each wing may be a platelike body
lying on a plane transversal to a horizontal plane passing
by the shaft 18 and transversal to the rod 25a, conferring
to the wing a substantially "T" or "L" profile. As previously
mentioned, the helical rotors 19 with one or more coils
and the wings 25, cover a central section of the shaft 18
for moving the material under treatment from the inlet 3
towards the outlet 4 of the main channel 31. The main
conveyor 17 may be divided in sectors adjacent to each
other and having helical rotors 19 or wings 25. In detail,
the main conveyor may comprise at least a first and a
second sector having respectively helical rotors 19 with
one or more coils and a plurality of wings 25, alternated
to each other for a preponderant part of the length of the
shaft 18, optionally covering at least 70% of the length
of the shaft itself. For moving the material under treatment
in the treatment chamber 2, the main conveyor 17 may
have respective first sectors with solid rotors 24, in prox-
imity of the inlet 3 and of the outlet 4 of the main channel
31. The reactor 1 may also comprise a motor 26 con-
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nected to the main conveyor 17 for allowing a movement
thereof with respect to the treatment chamber 2 when
activated by the control unit 50. The control unit 50 may
be connected to the motor and configured for command-
ing the movement of the main conveyor 17 at a constant
angular velocity or as a function of a predetermined
speed profile.
[0228] The ejection of the treated organic material in
the treatment chamber 2 is made by an unloading con-
veyor 16 which operates in proximity of the outlet 4 of
the main channel 31 (figure 8). Similarly to the loading
conveyor 15, also the unloading conveyor 16 may be a
screw or auger conveyor which operates inside an un-
loading channel 12b connected to the radial outlet 31a" of
the connection channel 31a for defining, in collaboration
with the radial outlet 31a", a single channel suitable for
preventing the dispersion of dusts in the environment.
The unloading channel 12b is laterally engaged to the
connection channel 31a at a first end 16a in communi-
cation with the treatment chamber 2. The unloading
channel 12b may also have, at a second end 16b oppo-
site to the first end 16a, an outlet mouth 32b configured
for unloading the treated organic material withdrawn from
the treatment chamber 2 towards a deposit station not
shown in the accompanying figures. The unloading chan-
nel 12b and consequently the unloading conveyor 16 are
sloped with respect to the main channel 31, where the
second end 16b of the unloading conveyor 16 is located
above the first end 16a of the unloading conveyor 16
itself. In other words, the unloading channel 12b is sloped
with respect to a horizontal plane, by an inner angle com-
prised between 10° and 85°, optionally comprised be-
tween 20° and 70°. It is noted that the inclination of the
unloading channel 12b determines the movement
against gravity of the treated organic material, preventing
the lifting of dusts in the treatment chamber 2 of the main
channel 31. The reactor 1 may also comprise a motor
14b connected to the unloading conveyor 16 at the sec-
ond end 16b, for moving the unloading conveyor 16 with
respect to the unloading channel 12b. The control unit
50 may be connected to the motor 14b associated to the
unloading conveyor 16 and configured for commanding
the movement thereof as a function of a predetermined
speed profile, optionally at constant speed. As shown in
figures 3 and 4, the reactor 1 comprises also a gas outlet
opening 8 defined on the main channel 31 for expelling
from the main channel 31 the synthetic gases produced
during the treatment. The gas outlet opening 8 is located
at an upper half of the main channel 31 next to the outlet
4, at a minimum distance Dm from the outlet 4 of the
main channel 31 greater than the vertical dimension D1
of the main channel 31. In other words, the gas outlet
opening 8 is positioned at a terminal section of the main
channel 31 next to the outlet 4, having extension equal
to no more than 1/3 of the main channel. From the di-
mensional point of view, the ratio between the minimum
distance Dm and the overall length L of the main channel
31, measured parallel to the longitudinal development

direction A of the main conveyor 17, is comprised be-
tween 0.1 and 0.3. It is noted that the particular position
of the gas outlet opening 8 in a terminal area of the reactor
next to the outlet 4 of the main channel 31, allows the
ejection of synthetic gases heated by the electric heater
6 having temperature next to 600°C. The gas outlet open-
ing 8 has an elongated shape parallel to the longitudinal
development direction A of the main channel 31, having
a length lower than the length L of the main channel 31.
In other words, the ratio between the length of the gas
outlet opening 8 and the length L of the main channel 31
measured parallel to the longitudinal development direc-
tion A of the main conveyor 17 is comprised between 0.1
and 0.5.
[0229] The reactor 1 comprises a gas branch manifold
7 suitable for supplying the synthetic gases generated in
the main channel towards the burner 60. The specific
structure of the gas branch manifold 7 and, subordinately,
the positioning thereof with respect to the main channel
31, allow to convey the synthetic gases mixed with re-
duced quantities or total absence of dust particles. With
reference to figures 2 and 3, the gas branch manifold 7
comprises a proximal portion 7a connected to the main
channel 31 at the gas outlet opening 8 and a distal portion
7b, spaced from the gas outlet opening, having a gas
discharge orifice 10 for channeling the synthetic gas to-
wards the burner 60. It is noted that providing a gas dis-
charge orifice 10 spaced from a gas outlet opening 8 on
the main channel 31, limits the lifting against gravity of
dusts which tend to precipitate in the main channel 31.
In this way it is possible to channel, towards the burner
60 and by means of the connection channel 81, synthetic
gases comprising a limited quantity of dusts which could
cause clogging and malfunctioning of the burner such
that the normal functioning thereof may be impaired. In
an embodiment shown in figure 2, the gas branch man-
ifold 7 may have a prismatic or cylindrical tubular confor-
mation, having a constant passage area for all the ex-
tension thereof from the proximal portion 7a to the distal
one 7b. The gas branch manifold 7 may also comprise
an expansion section 7c extending along a direction ra-
dially exiting the main channel 31, in interposition be-
tween the proximal portion 7a and the distal portion 7b.
By means of the expansion section 7c is possible to fur-
ther limit the lifting of dusts mixed with synthetic gases
which lose speed once they reach the expansion section
7c, resulting in the precipitation of dusts towards the main
channel 31 and allowing only the synthetic gases to exit
the reactor 1 via the gas discharge orifice 10. As for ex-
ample shown in figure 2, the expansion section 7c ex-
tends radially, optionally vertically, from the gas outlet
opening 8, positioning the distal portion 7b of the gas
branch manifold 7 at a maximum height H from the gas
outlet opening 8. From a dimensional point of view, the
maximum height H of the gas branch manifold 7 and the
vertical dimension D1 of the main channel 31 is com-
prised between 1.2 and 2.5. The gas discharge orifice
10, located in the distal portion 7b, is in an area of the
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gas branch manifold 7 at maximum distance from the
gas outlet opening 8. Additionally, the gas discharge or-
ifice 10 has a gas passage area lower than a gas passage
area of the gas outlet opening 8 from the main channel.
By reducing the cross section of the gas discharge orifice
10 it is possible to increase the ejection speed of the
synthetic gases, easing the withdrawal of the gases to
be conveyed to the combustion apparatus 60 described
in detail below.

Detailed description of the combustion apparatus 60

[0230] Moving on now to describe the apparatus 60 for
the combustion of synthetic gases, it comprises, as pre-
viously mentioned, a combustion chamber 62 for the
combustion of synthetic gases, for example generated
in the reactor 1. The combustion chamber 62 receives,
by means of the connection channel 81, synthetic gases
passing through the gas discharge orifice 10 of the reac-
tor 1, as well as it has an outlet 64 destined to eject ex-
haust gases in the exhaust gases evacuation line 73.
[0231] As for example shown in figures 9, 10A and 10B,
the combustion chamber 62 has a hollow tubular confor-
mation extending along a development direction X. In the
accompanying figures it has been shown a cylindrical
combustion chamber 62, however, it is not excluded the
realization of a combustion chamber having a prismatic
conformation with a polygonal section, for example
square or rectangular. The combustion chamber 62 has
an inner volume perimetrically delimited by an inner sur-
face, optionally cylindrical, and longitudinally delimited
by a first and a second terminal wall 62’, 62" of the com-
bustion chamber 62. The combustion chamber 62 also
has an outer surface 62a optionally having a cylindrical
conformation, in contact with fluid supply circuit 65 de-
scribed in the following.
[0232] The apparatus also comprises a burner 75 for
example carried by the first terminal wall 62’ or working
inside the combustion chamber and responsible for re-
alizing the combustion of the synthetic gases in the com-
bustion chamber 62. In an example, the burner 75 may
comprise a combustible access 77 in communication with
the connection channel 81 for receiving the synthetic gas
from the reactor 1, as well as a comburent access 76
suitable for receiving the comburent gas from the fluid
supply circuit 65. The burner 75 may also comprise a
mixing chamber 78 where the synthetic gases and the
comburent gas are mixed and an activation device 72,
for example an electric or spark plug ignition, triggers the
combustion of the synthetic gas and with the comburent
gas (alternatively the mixing of the two gases may take
place directly in the combustion chamber without a dif-
ferent mixing chamber). The burner 75 may also com-
prise an auxiliary access 88 in communication with the
mixing chamber 78 for receiving a combustible gas and
allowing an initial ignition of the apparatus as previously
detailed.
[0233] As mentioned, the apparatus comprises a fluid

supply circuit 65 destined to supply a comburent gas,
optionally ambient air, to the burner and/or to the com-
bustion chamber 62. The fluid supply circuit 65 (for ex-
ample a preponderant part thereof) contacts the outer
surface 62a of the combustion chamber 62, from an area
close to the second terminal wall 62" where it has a gas
access 67 for receiving the comburent gas from an outer
environment, until an area next to the first terminal wall
62’ where it has a gas outlet 68 in communication with
the comburent access 76 of the burner 75. The fluid sup-
ply circuit 65 may comprise one or more channels 66
placed outside and in contact with the outer surface 62a
of the combustion chamber 62 for channeling the com-
burent gas, optionally air, towards the combustion cham-
ber 62 itself. It is noted that the temperature of the com-
burent gas entered in the combustion chamber 62, con-
tributes to increase the efficiency of the combustion proc-
ess of the synthetic gases and furthermore, avoids the
generation of undesired condensation and/or the forma-
tion of solid particles or dusts in the combustion chamber
62 which may compromise the normal operativity thereof.
The positioning of the channels 66 in contact with the
outer surface 62a of the combustion chamber 62 allows
the heat exchange with the channels 66 of the fluid supply
circuit 65, causing the heating of the comburent gas. Ad-
ditionally, the channels 66 in contact with the outer sur-
face 62a of the combustion chamber 62, define a ther-
mally insulating layer which avoids the need of realizing
the combustion chamber 62 itself in ceramic materials or
covering the chamber with insulating or refractory mate-
rials for allowing the combustion of the synthetic gas at
temperatures comprised between 800°C and 1000°C.
As further consequence there is the possibility of making
the combustion chamber 62 having a more essential
structure, for example realizable exclusively in metallic
materials, optionally stainless steel, thus leading to a re-
duction of the costs of realization of the entire apparatus.
[0234] It is also noted that the channels 66 of the fluid
supply circuit 65 may contact a preponderant part, op-
tionally at least the 70%, of the outer surface 62a of the
combustion chamber 62 for increasing the heat ex-
change surface with the combustion chamber itself. For
this purpose, the channels 66 may be arranged trans-
versely to the development direction X of the combustion
chamber 62 and formed by successive sections of a sin-
gle continuous channel extending along a helical trajec-
tory (see figure 10A), or by different annular-shape chan-
nels, in fluid communication to each other (figure 10B).
Referring again to figures 9, 10A and 10B, the fluid supply
circuit 65 may comprise a sleeve 68 which wraps the
combustion chamber 62 outside the outer surface 62a
of the combustion chamber 62 itself, to form a gap des-
tined to receive the comburent gas and radially delimiting
the channels 66. The fluid supply circuit 65 may also com-
prise one or more walls 69 emerging from the outer sur-
face 62a of the combustion chamber 62 until in proximity
of the sleeve 68, for laterally delimiting the channels 66.
Furthermore, the walls develop longitudinally for a pre-

39 40 



EP 4 484 823 A2

22

5

10

15

20

25

30

35

40

45

50

55

ponderant part of a, optionally for all the, length of the
combustion chamber 62 measured parallel to the devel-
opment direction X, following a helical trajectory or fol-
lowing respective annular trajectories. According to what
has been previously described, the walls 69 may form
optionally equidistant successive sections along the de-
velopment direction X, forming part of a single helical
body (figure 10A) or may form respective annular bodies
which delimit respective segments 66a of a channel 66
(figure 10B). Preferentially, the comburent gas entered
in the fluid supply circuit 65, may be circulated within a
single channel 66 laterally delimited by successive sec-
tions of a wall 69 itself and radially delimited by the outer
surface 62a of the combustion chamber 62 and by the
sleeve 68.
[0235] The fluid supply circuit 65 may also comprise a
connection duct 74 which connects a terminal section of
the supply circuit 65 next to the first terminal wall 62’, with
the burner 75 or with the combustion chamber, for sup-
plying the comburent gas in inlet to the combustion cham-
ber 62.
[0236] The apparatus may also comprise a case 70
radially outside the sleeve 68 which defines a further gap
between the sleeve 68 and an inner surface 70a of the
case itself 70. This gap defined by the case 70 may op-
tionally delimit an air bag having insulating or dissipating
functions for the heat emitted by the combustion chamber
62.
[0237] Concerning materials, the sleeve 68, the walls
69 and the case 70 are made in metallic material, option-
ally stainless steel, devoid of coatings made of refractory
or thermally insulating materials.

Process for the treatment of organic material

[0238] It is a part of the present invention, a process
for the treatment of organic material by means of the
plant 100 according to the above description and accord-
ing to the accompanying aspects and/or the accompa-
nying claims. The process involves a thermochemical
treatment of the organic material, optionally in granular
or dust form, made by means of the reactor 1, for obtain-
ing a combustible gas, subsequently indicated as syn-
thetic gas, exploited by the apparatus 60 for generating
heat and self-heating the reactor itself. The process ini-
tially involves supplying organic material in the treatment
chamber 2 of the reactor 1, for example performing a
step of unloading the organic material on the loading con-
veyor 15, followed by a step of moving the organic ma-
terial itself towards the inlet of the treatment chamber 2
of the reactor 1. The process may comprise a step of
controlling the speed of movement of the loading con-
veyor 15 for avoiding the lifting of dusts which could lead
to malfunction to the reactor 1.
[0239] It is then expected a following step of moving,
by means of the main conveyor 17, the organic material
from the inlet 3 to the outlet 4 of the main channel 31.
Simultaneously to moving the material, the process may

also comprise a step of heating, performed by means of
the fluid heater 5 and the electric heater 6, at a temper-
ature comprised between 250°C and 800°C, optionally
comprised between 280°C and 600°C.
[0240] The process also comprises a step of withdraw-
ing the treated organic material from the treatment cham-
ber 2 for being stored. For example, the step of withdraw-
ing involves moving, by means of the unloading conveyor
16, the organic material outside the treatment chamber
2 of the reactor 1, controlling the movement speed of the
unloading conveyor 16 itself, for preventing or limiting
the lifting of dusts which could mix with the synthetic gas.
[0241] The process may then comprise a step of with-
drawing, by means of the gas branch manifold 7, the
synthetic gas obtained by heating the treatment chamber
2. The step of withdrawing may in turn involve sucking
the synthetic gas at a speed comprised between 0.05m/s
and 0.8m/s, optionally comprised between 0.1m/s and
0.4m/s and/or a step of adjusting a pressure in the treat-
ment chamber 2 such that this pressure is lower than the
pressure of the environment outside the plant, for exam-
ple such that the absolute inner pressure (assuming to
use the plant described herein and claimed on the sea
level) is comprised between 101320 Pa and 101000 Pa,
optionally comprised between 101305 Pa and 101200
Pa. More generally, the pressure inside the treatment
chamber 2 is maintained from 5 to 325 Pa, optionally 20
to 125 Pa, below the environmental pressure.
[0242] A step of transporting, by means of the connec-
tion channel 81, synthetic gas, from the reactor 1 towards
the burner 75 of the apparatus 60 may follow the with-
drawal of the synthetic gas from the reactor 1. The proc-
ess may then comprise a step of channeling, by means
of the comburent gas supply line 85, a comburent gas,
optionally air, in the fluid supply circuit 65 of the apparatus
60, which, once heated, will be supplied to the combus-
tion chamber 62 and therefore to the burner 75. The pro-
gressive advancement of the comburent gas in the fluid
supply circuit 65 towards the burner/combustion cham-
ber, involves a gradual heating of the comburent gas itself
until a temperature greater than 250°C, optionally com-
prised between 450°C and 650°C, is reached before be-
ing entered in the combustion chamber or supplied to the
burner 75. In an example, the process involves chan-
neling the comburent gas according to a helical or annular
trajectory along the fluid supply circuit 65, so as to max-
imize the heat exchange between the combustion cham-
ber 62 and the comburent gas. After supplying of the
synthetic gas and of the comburent gas in the mixing
chamber 78 of the burner 75 or directly in the combustion
chamber, the process may involves triggering the com-
bustion between these gases by means of the activation
device 72.
[0243] The process may then comprise a step of with-
drawing an exhaust gas in the combustion chamber 62
of the apparatus 60 and channeling it in the exhaust gas-
es evacuation line 73 in direction of the heat exchange
unit 98 or channeling it in the bypass line 99 if having at
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a temperature greater than the threshold value of tem-
perature, optionally comprised between 900°C and
1200°C. In order to perform heating of the fluid destined
to the fluid heater 5 of the reactor 1, the process may
involve conveying, in the hot fluid chamber 98’ of the heat
exchange unit 98, the exhaust gas leaving the apparatus
60. The process may simultaneously involve supplying
the fluid to be heated destined to the fluid heater 5, in
one or more cold fluid channels 98" of the heat exchange
unit 98. The heat exchange between hot fluid chamber
98’ and each cold fluid channel 98", involves heating the
heating fluid which, by means of the second branch 108b
of the recirculation line 108, is again entered in the fluid
supply line of the fluid heater 5 of the reactor 1. The ex-
haust gas, after having exchanged heat with the heating
fluid of the fluid heater 5 of the reactor 1, is ejected into
an environment outside of the plant.
[0244] The process may also comprise for a step of
discharging dusts present in a collection container 102
associated to a respective heat exchange unit 98, per-
formed on the basis of the detection of the weight of the
collection container itself by means of the loading cell
103. The process may then comprise a cleaning proce-
dure of each heat exchange unit 98 for removing any
clogging of dusts or debris such as to compromise the
normal functioning of the heat exchange unit itself. In an
example, the cleaning procedure may involve the activa-
tion of cleaning nozzles 106 for the emission of water jets
in the hot fluid chamber 98’ of the heat exchange unit 98
and in the collection container 102.
[0245] The process may also comprise a step of filter-
ing the exhaust gas leaving the apparatus 60 and up-
stream of the heat exchange unit 98, for withdrawing
dusts or solid debris mixed in the exhaust gas, which will
be then deposited in the collection tank 95. If clogging of
the filter 91 is detected, the process may comprise a
maintenance procedure which involves discharging
dusts from the collection tank 95 if one or more weight
values of the collection tank 95 itself are greater than a
threshold value of weight.

Claims

1. Apparatus for combustion of synthetic gases deriv-
ing from the treatment of organic material, for exam-
ple through pyrolysis, said apparatus comprising:

- a burner (75),
- a combustion chamber (62) cooperating with
the burner (75) and having an outlet (64) des-
tined to eject exhaust gases,
- a fluid supply circuit (65) configured for supply-
ing a comburent gas to the burner (75),

wherein the fluid supply circuit (65) is at least partially
outside the combustion chamber (62) and has one
or more channels (66) in contact with an outer sur-

face (62a) of the combustion chamber (62) for ex-
changing heat with the combustion chamber itself.

2. Apparatus according to claim 1, wherein the burner
(75) has:

- a combustible access (77) configured for re-
ceiving a combustible gas,
- a comburent access (76) configured for receiv-
ing the comburent gas from the fluid supply cir-
cuit (65),
- a mixing chamber (78) in communication with
the comburent access (76) and the combustible
access (77) for mixing said gases in inlet through
said accesses (76, 77),
- an activation device (72) operating in the mix-
ing chamber (78) and configured for triggering
the combustion of said gases.

3. Apparatus according to claim 1 or 2, wherein the fluid
supply circuit (65) has a gas access (67) for receiving
the comburent gas, optionally room air, from an en-
vironment outside the combustion chamber (62) and
a gas outlet (68) in communication with the combus-
tion chamber (62) or with the comburent access (76)
of the burner (75); and

wherein the burner (75) is placed upstream or
internally to the combustion chamber,
wherein said one or more channels (66) of the
fluid supply circuit (65) are formed from subse-
quent sections of a single continuous channel
or from distinct channels in communication to
each other, wherein said channels (66) are over-
lapped to a preponderant part, optionally at least
the 70%, of the outer surface (62a) of the com-
bustion chamber (62).

4. Apparatus according to any one of the preceding
claims, wherein the combustion chamber (62) ex-
tends along a development direction (X), and where-
in said one or more channels (66) of the fluid supply
circuit (65) are arranged transversely to the devel-
opment direction (X) of the combustion chamber
(62),

wherein said one or more channels (66) form at
least a single continuous channel extending
around the outer surface (62a) of the combus-
tion chamber (62) along a helical trajectory,
or
said one or more channels (66) form annular-
shaped segments (66a), optionally with circular
shape, extending around to the outer surface
(62a) of the combustion chamber (62), wherein
each of said segments (66a) is in communica-
tion with an adjacent channel (66).
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5. Apparatus according to any one of the preceding
claims, wherein the combustion chamber (62) has a
hollow tubular conformation, optionally tubular cylin-
drical or prismatic, wherein the outer surface (62a)
has a cylindrical shape with circular or polygonal pro-
file,
wherein the combustion chamber (62) has a first and
a second terminal wall (62’, 62") which longitudinally
delimit the combustion chamber itself, wherein the
burner (75) is carried by the first terminal wall (62’),
and wherein the fluid supply circuit (65) contacts the
outer surface (62a) from an area next to the second
terminal wall (62") until an area next to the first ter-
minal wall (62’), optionally wherein the inlet (63) and
the outlet (64) of the combustion chamber (62) are
respectively defined on the first and the second ter-
minal walls (62’, 62").

6. Apparatus according to any one of the preceding
claims, wherein the fluid supply circuit (65) compris-
es a sleeve (68) which wraps the combustion cham-
ber (62) and is radially outside the outer surface (62a)
of the combustion chamber (62) itself to form a gap
for receiving said comburent gas,

wherein the fluid supply circuit (65) comprises
one or more walls (69) arranged transversely to
a/to the development direction (X) of the com-
bustion chamber (62), wherein subsequent sec-
tions of the one or more separating walls (69)
are parallel to each other,
wherein said walls (69) extend radially, outside
the outer surface (62a) of the combustion cham-
ber (62) and internally to the sleeve (68),
wherein said one or more channels (66) are lat-
erally delimited by subsequent sections of the
one or more separating walls (69) and radially
delimited by the sleeve (68),
wherein said one or more walls (69) are inter-
connected to each other to define a single helical
element extending around the outer surface
(62a) of the combustion chamber (62) for a pre-
ponderant part, optionally for all of a length of
the combustion chamber (62) measured parallel
to the development direction (X),
wherein the apparatus comprises a case (70)
radially outside the sleeve (68) which defines a
gap between the sleeve (68) and an inner sur-
face (70a) of the case (70).

7. Apparatus according to any one of the preceding
claims when depending on claim 6, wherein at least
one of: the combustion chamber (62), the sleeve
(68), said one or more walls (69) and the case (70),
are made in metallic material, optionally steel, for
example stainless steel,

wherein the combustion chamber (62), the

sleeve (68) and/or the case (70) are devoid of
coatings made in refractory or thermally insulat-
ing materials,
wherein the burner (75) comprises an auxiliary
access (88) in communication with the combus-
tion chamber (62), optionally the mixing cham-
ber (78), for receiving combustible gas and al-
lowing an initial ignition of the apparatus,
wherein the fluid supply circuit (65) comprises a
connection duct (74) which connects with the
burner (75) a terminal part, adjacent to the burn-
er itself, of the gap formed by said sleeve (68).

8. Process of combustion of synthetic gases deriving
from the treatment of organic material, through an
apparatus according to any one of the preceding
claims, said process comprising the steps of:

- heating said comburent gas in the fluid supply
circuit (65),
- supplying to the burner (75) the combustible
gas, optionally synthetic gas, and the comburent
gas heated in the fluid supply circuit (65).

9. Process according to the preceding claim, using an
apparatus according to claim 2, comprising a step
of activating the activation device (72) of the burner
(75) for triggering the combustion of the combustible
gas and the comburent gas.

10. Process according to any one of the two preceding
claims using an apparatus according to claim 7,
wherein the step of heating the comburent gas in-
volves a gradual heating of the comburent gas after
a progressive movement of the comburent gas itself
in the fluid supply circuit (65) toward the burner (75),

wherein the step of heating said comburent gas
in the fluid supply circuit (65) involves heating
the comburent gas from a room temperature,
optionally comprised between 5°C and 45°C, to
a threshold temperature, optionally greater than
250°C, even more optionally comprised be-
tween 450°C and 650°C,
wherein the step of supplying the comburent gas
to the burner (75) involves the sub-steps of:

- supplying comburent gas in said fluid sup-
ply circuit (65) along a helical or annular tra-
jectory, and subsequently
- supplying, through the connection duct
(74), said comburent gas in the burner (75).

11. Plant for treatment of organic material comprising:

- an apparatus (60) according to any one of the
preceding claims from 1 to 7,
- a reactor (1) for the treatment, optionally for
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the pyrolytic treatment, of organic material and
the generation of gas, wherein said reactor (1)
comprises:

+ a main channel (31) defining a treatment
chamber (2) of the organic material com-
prising an inlet (3) for receiving organic ma-
terial to be treated and an outlet (4) in com-
munication with the inlet (3) and destined to
unload treated material outside the treat-
ment chamber,
+ a main conveyor (17) operating in the treat-
ment chamber (2) and configured for mov-
ing the organic material under treatment
from the inlet (3) to the outlet (4) along a
predetermined treatment path inside the
main channel,
+ at least a heater active on the main channel
(31),
+ a gas branch manifold (7) connected to
the main channel (31) at a gas outlet open-
ing (8) present on the main channel (31) and
placed in fluid communication with the burn-
er (75).

12. Plant according to the preceding claim, wherein the
gas branch manifold (7) has a gas discharge orifice
(10), opposite to the gas outlet opening (8) and con-
figured for supplying gas coming from the main chan-
nel (31), wherein the gas discharge orifice (10) of
the reactor (1) is in communication with the burner
(75) of the apparatus (60),

wherein the plant comprises a connection chan-
nel (81) which connects the gas discharge orifice
(10) of the gas branch manifold (7) of the reactor
(1) with the burner (75) of the apparatus (60),
wherein said connection channel (81) is config-
ured for supplying to the burner (75), gas deriv-
ing from the treatment chamber (2) of the reactor
(1); and/or
wherein the plant comprises:

- a comburent gas supply line (85) in com-
munication with the fluid supply circuit (65)
of the apparatus (60) for supplying gas in
said one or more channels (66),
- a gas movement device (84), for example
a fan, active on the comburent gas supply
line (85) for moving the comburent gas, for
example air, coming from an environment
outside the plant;

and/or
wherein the plant comprises:

- an exhaust gases evacuation line (73) in
communication with the outlet (64) of the

combustion chamber (62) of the apparatus
(60) and configured for ejecting an exhaust
gas from the combustion chamber itself,
- a suction device (120) connected to a ter-
minal end of the exhaust gases evacuation
line (73) opposite to the outlet (64) of the
combustion chamber (62), configured for
evacuating the exhaust gas in an environ-
ment outside the plant.

13. Plant according to claim 12, wherein the reactor com-
prises:

- a pressure sensor (29) active in the treatment
chamber (2) and configured for generating a sig-
nal representative of a pressure inside the treat-
ment chamber (2),
- a control unit (50) connected to the pressure
sensor (29) and configured for:

+ receiving one or more pressure signals
generated by said pressure sensor (29),
+ determining one or more measured values
of pressure as a function of the signals re-
ceived from the pressure sensor (29),
+ verifying if said one or more of the meas-
ured values of pressure indicate that the
pressure inside the treatment chamber is
lower than the environmental pressure,
reigning outside the plant, optionally lower
by a quantity comprised in a reference
range between 0.02 bar and 0.06 bar, op-
tionally between 0.03 bar and 0.05 bar;

wherein the suction device (120) is active on the
gas branch manifold (7) of the reactor,
wherein the control unit (50) is operatively con-
nected to the suction device (120) and is con-
figured for commanding the suction device itself
as a function of said measured values of pres-
sure received from the pressure sensor (29) so
as to keep a status of depression in the treatment
chamber with respect to the outer environment,
optionally wherein the control unit is configured
for controlling the suction of the suction device
such that the pressure inside the treatment
chamber is lower than the environmental pres-
sure by a quantity comprised in a reference
range between 0.02 bar and 0.06 bar, optionally
between 0.03 bar and 0.05 bar.

14. Plant according to any one of the preceding claims
from 11 to 13, wherein the reactor (1) comprises:

- a fluid heater (5) active on a first section (2a)
of the main channel (31),
- an electrical heater (6) active on a second sec-
tion (2b) of the main channel (31) interposed be-
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tween the first section (2a) and the outlet (4) of
the main channel (31),
wherein the fluid heater (5) comprises a supply
line active on the first section (2a) of the main
channel (31) and extending around the first sec-
tion (2a) for transferring heat to the main chan-
nel,
wherein the plant comprises:

- a recirculation circuit (108) having:

+ a first branch (108a) connected to a
terminal end of the fluid heater (5), op-
tionally of the supply line of the fluid
heater (5), of the reactor (1),
+ a second branch (108b) connected to
an initial end of the fluid heater (5), op-
tionally of the supply line of the fluid
heater (5), of the reactor (1),

- a recirculation pump (109) active on the
recirculation circuit (108) for moving a fluid
to be heated from the first to the second
branch (108a, 108b) of the recirculation cir-
cuit itself.

15. Plant according to the preceding claim, comprising
at least a heat exchange unit (98) which has:

- a hot fluid chamber (98’) in fluid communication
with the exhaust gases evacuation line (73),
configured for receiving said exhaust gas com-
ing from the apparatus (60) and conveying said
exhaust gas toward the suction device (120) of
the gas evacuation line itself,
- one or more cold fluid channels (98") located
in the hot fluid chamber (98’) and in fluid com-
munication with the first and second branch
(108a, 108b) of the recirculation circuit (108),
wherein each cold fluid channel (98") is config-
ured for receiving the fluid to be heated coming
from the first branch (108a) of the recirculation
circuit (108) and supplying a heated fluid in the
second branch (108b) of the recirculation circuit
itself,
wherein the hot fluid chamber (98’) comprises:

- a hot fluid inlet (98a’) connected to a sec-
tion of the exhaust gases evacuation line
(73) downstream of the outlet (64) of the
combustion chamber (62),
- a hot fluid outlet (98b’) connected to the
suction device (120),

wherein the plant comprises:

- at least a collection container (102) located
inferiorly to the heat exchange unit (98),

- a loading cell (103) associated to the col-
lection container (102) and configured for
generating a signal representative of a
weight of the collection container, and/or
- at least a pressure sensor (104) associat-
ed to the heat exchange unit (98) and con-
figured for generating a signal representa-
tive of a relative pressure inside the hot fluid
chamber (98’),

wherein a/the control unit (50) is connected to
the loading cell (103) and/or to the pressure sen-
sor (104), said control unit (50) being configured
for:

- receiving one or more signals generated
by said loading cell (103),
- determining one or more measured values
of weight of the collection container (102)
as a function of the signals received from
the loading cell (103),
- comparing each measured values of
weight of the collection container (102) with
a threshold value of weight, and/or
- receiving one or more signals generated
by said pressure sensor (104),
- determining one or more measured values
of a pressure as a function of one or more
signals received from the pressure sensor
(104),
- comparing said one or more measured val-
ues of pressure with a predefined criterion
for assessing the presence or not of a clog-
ging condition,

wherein a/said control unit (50) is connected to
the loading cell of the collection container (102)
and to the pressure sensor (104), said control
unit (50) being configured for:

- determining an alarm condition as a func-
tion of:

+ said one or more measured values of
weight of the collection container (102),
optionally if the measured values of
weight of the collection container (102)
are greater than the threshold value of
weight, and/or
+ said one or more measured values of
pressure, optionally if the measured
values of pressure in the heat ex-
change unit (98) indicate the presence
of the clogging condition,

and subsequently
- commanding an emitter (97) for the repro-
duction of an alarm signal, and/or
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- commanding a cleaning procedure of said
heat exchange unit (98),

and/or
wherein the plant comprises a recirculation
valve (110) active on the recirculation line (108)
and having:

- an inlet door (110a) in communication with
an upstream section of the second branch
(108b) of the recirculation line (108) which
receives the fluid from the heat exchange
unit (98),
- a first outlet door (110b) in communication
with a downstream section of the second
branch (108b) of the recirculation line (108),
- a second outlet door (110c) in communi-
cation with the first branch (108a) of the re-
circulation line (108),

wherein the plant comprises a connection
branch (112) which connects the second outlet
door (110c) of the recirculation valve (110) and
the first branch (108a) of the recirculation line
(108),
wherein the plant comprises a check valve (111)
active on the first branch (108a) of the recircu-
lation line (108) for preventing the movement of
the heating fluid along the first branch (108a)
and toward the reactor (1),
wherein said check valve (111) is located on a
section of the first branch (108a) of the recircu-
lation circuit in interposition between a joining
point (J) between the connection branch (112)
and the first branch itself and the reactor (1),
wherein the recirculation valve (110) is config-
urable between:

- a first operative condition wherein it allows
the passage of the heating fluid through the
first outlet door (110b) and at the same time
prevents the passage of the heating fluid
through the second outlet door (110c),
- a second operative condition wherein it al-
lows the passage of the heating fluid
through the second outlet door (110c) and
at the same time prevents the passage of
the heating fluid through the first outlet door
(110a),

wherein the control unit (50) is connected to the
recirculation valve (110) and wherein the clean-
ing procedure of the control unit (50) comprising
the steps of:

- commanding the movement of the recir-
culation valve (110) from the first to the sec-
ond operative condition,

- commanding in activation one or more
cleaning nozzles (106) which operate in the
hot fluid chamber (98’) of the heat exchange
unit (98) for delivering a cleaning fluid in the
hot fluid chamber itself and in the collection
tank (102),

and/or
wherein the plant comprises:

- a plurality of heat exchange units (98),
- upper connection curves (107a) which up-
perly connect the hot fluid chambers (98’)
of adjacent heat exchange units (98), and/or
- lower connection curves (107b) which in-
feriorly connect the hot fluid chambers (98’)
of adjacent heat exchange units (98),
- connection ducts (122) which connect said
one or more cold fluid channels (98") of ad-
jacent heat exchange units, wherein said
connection ducts (122) are housed in the
upper and lower connection curves (107a,
107b),

and/or
wherein the plant comprises a filter (91), option-
ally a cyclonic filter, which operates downstream
of the combustion chamber (62) for separating
dusts or debris from exhaust gases leaving the
combustion chamber (62),
wherein the filter (91) comprises:

- an exhaust gas inlet (92) in communication
with a section of the exhaust gas evacuation
line (73) downstream of the outlet (64) of
the combustion chamber (62),
- a filtered gas outlet (93) destined to expel
filtered gases in a section of the exhaust
gas evacuation line (73) upstream of the
heat exchange unit (98),
- a debris outlet (94) destined to receive
dusts or debris separated from exhaust gas
in inlet to the filter,
- a collection tank (95) in communication
with the debris outlet (94) for collecting
dusts or debris, wherein the collection tank
(95) is placed in a lower area of the filter (92),
- a loading sensor (96) associated to the
collection tank (95) and configured for gen-
erating a signal representative of a weight
of the collection tank (95),

wherein a/the control unit (50) is connected to
the loading sensor (96) and configured for:

- receiving one or more signals generated
by said loading sensor (96),
- determining one or more measured values
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of weight of the collection tank (95) as a
function of the signals received from the
loading sensor (96),
- comparing each measured value of the
weight of the dusts in the collection tank (95)
with a threshold value of weight,

wherein the control unit (50) is connected to the
loading sensor of the collection tank (95) and
configured for performing at least one of the fol-
lowing steps:

- commanding an emitter (97) for reproduc-
ing an alarm signal as a function of said one
or more measured values of weight, option-
ally if said one or more measured values of
weight are greater than the threshold value
of weight,
- commanding a maintenance procedure of
said filter,

and/or
wherein the plant comprises:

- a bypass line (99) connected to a section
of the exhaust gases evacuation line (73)
downstream of the outlet (64) of the com-
bustion chamber (62) of the apparatus (60)
and optionally upstream of the heat ex-
change unit (98),
- an auxiliary gas movement device (123),
for example a fan, active on the bypass line
(99) for ejecting exhaust gases, for example
air, in an environment outside the plant,
- a bypass valve (101) active on the bypass
line (99) for selectively allowing the passage
of gas in said bypass line (99),

wherein the plant comprises a temperature sen-
sor (90) active on the outlet (64) of the combus-
tion chamber (62) and configured for generating
a signal representative of a gas temperature
leaving the combustion chamber (62), wherein
a/the control unit (50) is connected to the tem-
perature sensor (90) and configured for:

- receiving one or more temperature signals
generated by said temperature sensor (90),
- determining one or more measured values
of temperature as a function of the signals
received from the temperature sensor (90),
- comparing each measured value of tem-
perature with a threshold temperature val-
ue, optionally comprised between 800°C
and 1200°C, even more optionally com-
prised between 900°C and 1100°C,

wherein the control unit (50) is connected to the

bypass valve (101) and configured for com-
manding an opening condition thereof as a func-
tion of said measured values of temperature
from the temperature sensor (90), optionally if
one or more of said measured values of temper-
ature are greater than the threshold value of
temperature.
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