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(54) Solid fuel wall-mounted boiler for heating rooms and producing sanitary hot water

(57) The boiler (10) comprises a fuel tank (22), an
ash container (24), a tank (26) for the sanitary hot water,
a burner module with a crucible (30) and an ignition de-
vice (32), a heating chamber module with a heat ex-
changer (48), an ash discharging module with a roller
(68) suitable for fragmenting the combustion residue and
conveying it towards the ash container (24) and with a
motor (74) suitable for setting the roller (68) in rotation,
and a heat recovery module. The ignition device (32)
comprises a transformer (38) and a rod (40) of metallic
material suitable for being heated to cause the ignition
of the combustion, the rod (40) being connected to the
secondary of the transformer (38) so as to be heated by
induction when current is passed through it.
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Description

[0001] The present invention concerns a solid fuel wall-
mounted boiler, in particular a biomass wall-mounted
boiler (for example a pellet boiler), able to be used for
heating rooms, be they for civil or industrial use, as well
as for producing sanitary hot water.
[0002] The main limitation in general of solid fuel boil-
ers, and in particular of pellet boilers, currently on the
market, is represented by the ignition system. In current
biomass boilers, indeed, and in particular in current pellet
boilers, the ignition of the combustion is obtained by feed-
ing current to an electric resistance arranged behind a
combustion chamber in which the biomass (pellets) is
loaded. The electric resistance, made incandescent by
Joule effect, heats the air at room temperature fed from
outside into the combustion chamber. The flow of air thus
heated hits the biomass contained in the combustion
chamber and sets it alight. Such a known ignition system
on the one hand requires long ignition times, which vary
on average between 15 and 20 minutes and are therefore
incompatible with use of the boiler to produce sanitary
hot water, and on the other hand involves high electrical
energy consumption, since the power involved is in the
order of 200�300 W.
[0003] A further drawback of current solid fuel boilers,
and in particular of biomass (pellet) boilers, able to be
used both for heating rooms and for producing sanitary
hot water, is represented by the considerable overall siz-
es and therefore by the fact that it is impossible to position
the boiler in common boiler spaces provided in civil dwell-
ings, in particular in the case of boiler spaces located
inside apartments and/or relative balconies. Therefore,
it is not possible to consider, in an apartment already set
up for the installation of a gas boiler or already equipped
with a gas boiler for heating and for producing sanitary
hot water, replacing the gas boiler with a solid fuel boiler,
in particular a biomass (pellet) boiler, currently produced.
Indeed, it would be necessary either to provide a special
boiler room able to receive the new boiler or to arrange
the new boiler on the floor inside the apartment itself.
Both of these solutions are, however, clearly not very
convenient.
[0004] Other drawbacks of current solid fuel boilers,
and in particular of biomass (pellet) boilers, compared to
gas boilers are represented by the need to continually
load the fuel tank (generally many times per week) and
empty the ash container (also generally many times per
week). Moreover, in current solid fuel boilers, and in par-
ticular in current biomass (pellet) boilers, the fuel tank is
arranged above the burner and therefore the loading of
fuel is carried out from above. However, this makes the
wall-mounted, i.e. suspended, solution for such boilers
impossible, forcing them to be arranged on the floor.
[0005] It is an object of the present invention to over-
come the aforementioned drawbacks of the prior art, al-
lowing solid fuel boilers, and in particular biomass boilers
(such as pellet boilers), for heating and for producing

sanitary hot water to be easily and inexpensively installed
inside buildings for civil or industrial use, even in case
they are already set up for the installation of or are already
equipped with gas systems for heating and for producing
sanitary hot water, and allowing such boilers to be used
with limited management and maintenance costs and in-
terventions and with high performance levels.
[0006] This and other objects are fully achieved ac-
cording to the present invention thanks to a solid fuel
boiler, in particular a biomass boiler, having the charac-
teristics specified in the attached independent claim 1.
[0007] Advantageous embodiments of the solid fuel
boiler according to the invention form the subject-matter
of the dependent claims, the content of which is to be
taken as an integral and integrating part of the following
description.
[0008] The characteristics and advantages of the
present invention shall become apparent from the follow-
ing detailed description, given purely by way of non-lim-
iting example with reference to the attached drawings, in
which:

figure 1 is a schematic illustration in front view, par-
tially in phantom, of a solid fuel wall-mounted boiler,
in particular a pellet boiler, according to a preferred
embodiment of the present invention;
figure 2 is a perspective view of the boiler of figure
1, in which some parts have been removed for the
sake of easier understanding;
figure 3 is a front view of the tank unit of the boiler
of figure 1;
figures 4 and 5 are perspective views, taken from
two different angles, of the top part of the boiler of
figure 1;
figures 6 and 7 are schematic illustrations, in per-
spective view and in side view, respectively, of the
body of the boiler of figure 1;
figure 8 is a front view of the ignition device of the
boiler of figure 1;
figure 9 is a circuit diagram of the ignition device of
the boiler of figure 1;
figure 10 is a front view of the ash discharging module
of the boiler of figure 1;
figure 11 is an axonometric view of a crucible forming
part of the burner and cooperating with the ash dis-
charging module of figure 10;
figure 12 is an axonometric view of the roller of a
variant of an ash discharging module for use in a
solid fuel boiler, in particular in a pellet boiler, ac-
cording to the present invention;
figure 13 is a perspective view of the heat recovery
module of the boiler of figure 1;
figure 14 is an enlarged perspective view of the coiled
tube of the heat recovery module of figure 13; and
figure 15 is a schematic diagram of the electronic
control system of the boiler of figure 1.

[0009] The following description shall be provided with
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particular reference to the case of a pellet boiler, but it is
clear that the invention is equally applicable to a boiler
fed with any other type of solid fuel, in particular solid fuel
deriving from biomass.
[0010] With reference to the figures, a wall-mounted
pellet boiler according to a preferred embodiment of the
present invention is wholly indicated 10 and basically
comprises a frame structure 12, a tank unit 14 supported
by the bottom part of the frame structure 12 and a boiler
body 16 supported in the top part of the frame structure
12.
[0011] The frame structure 12 can be observed as a
whole in figure 2 and, limited to just the top part, in figures
4 and 5 and basically comprises four vertical uprights 18
and a plurality of horizontal cross members 20 that inter-
connect the vertical uprights 18. As can be worked out
from figure 2, in the illustrated embodiment the frame
structure 12 is divided into two parts, namely a bottom
part that supports the tank unit 14 and a top part that
supports the boiler body 16. However, such a construc-
tive choice is not in any way necessary, as the frame
structure can also be made in a single piece. In any case,
what is important for the purposes of the present inven-
tion is the arrangement of the tank unit 14 below the boiler
body 16. This allows on the one hand the boiler, and in
particular the boiler body 16, to be wall-mounted, or sus-
pended, for example in a pre-existing boiler space, to
replace a gas boiler with a pellet boiler. On the other
hand, the arrangement of the tank unit 14 at the bottom
makes it easier to load the solid fuel (in the present case
pellets) and also makes it possible to avoid risks of the
solid fuel contained in the relative tank from catching fire.
Moreover, making the frame structure 12 in two distinct
parts, that is a bottom part and a top part, respectively,
allows greater freedom in mounting the tank unit 14 and
the boiler body 16.
[0012] With reference in particular to figure 3, the tank
unit 14 is arranged in the bottom part of the boiler, as
mentioned above, and basically comprises a fuel tank
22, in which the solid fuel (in the present case pellets)
intended to be fed to the burner of the boiler is contained,
an ash container 24, in which the combustion residue
(ash) coming from the burner of the boiler is collected,
and a tank 26 for sanitary hot water. As can be clearly
seen from figure 3, the ash container 24 is extremely
small in size, since the high efficiency of the combustion
that can be obtained with the boiler according to the in-
vention ensures that the amount of ash produced is much
less than known pellet boilers. Therefore, it is possible
to minimise the size of the ash container 24 without in-
creasing the frequency with which the user of the boiler
has to take care of emptying it. The tank 26 for hot water
is advantageously received in the tank unit 14 arranged
below the boiler body 16, but might also be arranged in
any other position than the fuel tank 22, if necessary even
above the boiler body 16. In any case, as the small size
of the ash container 24 allows the tank 26 for sanitary
hot water to be received also in the bottom part of the

boiler, it is preferable to arrange the tank 26 for sanitary
hot water inside the tank unit 14, as this contributes to
containing the overall sizes of the boiler.
[0013] The boiler 10 basically includes the following
modules:

- burner module;
- heating chamber module;
- fume extraction module;
- ash discharging module;
- fuel loading module;
- heat recovery module;
- hydraulic module; and
- control module.

[0014] The burner module basically comprises a cru-
cible 30 (figure 11) and an ignition device wholly indicated
32 (figure 9). The crucible 30 has a bottom wall 34 with
a plurality of holes 36 for the comburent air that enters
into the boiler body 16 through one or more openings 28
(figures 5 to 7) provided in a side wall thereof. With ref-
erence in particular to figure 9, the ignition device 32 com-
prises:

a transformer 38, with a primary at mains voltage
(220 V in the case of the domestic mains or 380 V
in the case of the industrial mains) and a low-voltage
secondary (preferably from 2 to 5 V),
a rod 40 of metallic material (metallic alloy), running
in a straight line or suitably shaped according to re-
quirements, arranged in the crucible 30 in direct con-
tact with the pellet (figure 8 shows the rod 40 outside
the crucible 30 solely for the sake of ease of repre-
sentation), and
a pair of conductors 42 that connect the secondary
of the transformer 38 to the rod 40.

[0015] The ignition of the pellet is obtained by exploit-
ing the heating effect of the rod by induction and the ig-
nition effect of the pellet by direct contact with the rod.
Compared to common ignition devices that exploit the
heating of a resistance by Joule effect, with the ignition
device according to the invention much shorter ignition
times, in the order of 2 minutes at most, and much lower
consumption, in the order of a few Watts, are obtained.
The performance of the boiler in terms of response speed
in this way becomes comparable to that of a common
methane boiler, which is particularly important above all
in view of the use of the boiler for producing sanitary hot
water.
[0016] The ignition device 32 has an associated tem-
perature sensor T0 that by measuring the resistance in
the conductors of the secondary of the transformer 38 is
able to detect the temperature in the rod 40, and therefore
the combustion temperature. It is thus possible to control
the combustion temperature in real time and in an ex-
tremely simple manner.
[0017] The ignition device 32 described above is clear-
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ly able to be used in a boiler operating with any other
different type of solid fuel.
[0018] The heating chamber module is arranged in a
top space 44 of the boiler body 16 defined at the bottom
by a horizontal plate 46 having a central opening in which
the crucible 30 is inserted (figure 11). The heating cham-
ber module basically comprises a heat exchanger 48
having the function of transferring the heat of the fumes
produced by the combustion of the pellet to the water of
the heating circuit associated with the boiler. With refer-
ence in particular to figures 4 to 7, the heat exchanger
48 includes a body 50 that almost completely envelops
the area where the combustion heat is generated and
that contains the water to be heated. The body 50 in-
cludes a first front vertical portion 50a that closes the top
half of the space 44 at the front, a second top horizontal
portion 50b that closes the space 44 at the top and a third
rear vertical portion 50c that closes the space 44 at the
back. On the front face of the portion 50c of the body 50
of the heat exchanger 48 a plurality of fins 52 are provid-
ed, which have the function of increasing the heat ex-
change surface between the fumes produced by the com-
bustion and the water contained in the body of the ex-
changer. The heat exchanger 48 also includes a sepa-
rating plate 54 made from refractive material that sepa-
rates the fins 52 from the area in which the combustion
takes place and has the function of conveying the fumes
against the surface of the body 50 equipped with the fins
52. Even if in figures 6 and 7 the fins 52 are depicted just
on the front face of the portion 50c of the body 50 of the
heat exchanger 48, fins may also be provided on the
faces of the other two portions 50a and 50b of the body
50 licked by the fumes, in other words on the rear face
of the portion 50a and on the bottom face of the portion
50b. In this case, further separating plates made from
refractive material are advantageously provided, which
are suitable for conveying the fumes against the further
finned faces of the body of the heat exchanger.
[0019] With reference in particular to figures 5 to 8, the
fume extraction module basically includes:

- a bottom space 56 of the boiler body 16, which is
defined on top by a horizontal plate 58 and to which
the fumes flow after having licked the heat exchanger
48;

- a motor fan 60 mounted on a bottom plate 62 of the
bottom space 56 and having the function of drawing
in the fumes from that space through a central open-
ing 64 provided in the bottom plate 62; and

- a flue 66 that extends vertically alongside the boiler
body 16 and through which the fumes drawn in by
the motor fan 60 are discharged to the outside.

[0020] The motor fan 60 has an associated angular
velocity sensor H (schematically indicated in figure 15),
for example made as a Hall effect sensor, which provides
an angular velocity signal to an electronic control unit
ECU (figure 15) that oversees the operation of the boiler,

for feedback control of the motor fan.
[0021] With reference in particular to figures 5 and 10,
the ash discharging module basically includes a roller 68
suitable for fragmenting the residue of the combustion of
the pellet (ash) that accumulates in the crucible 30 and
conveying it towards the ash container 24 through a chute
70 and a vertical tube 72, as well as an electric motor 74
(schematically illustrated in figures 1, 2 and 5) suitable
for setting the roller 68 in rotation. As can be seen in
figure 10, the roller 68 comprises a cylindrical outer shell
76, preferably made from stainless steel, having a plu-
rality of through openings or holes 78, which are made
in the present case as perforated protuberances project-
ing in the radially outward direction so as to make a grated
surface, and an auger or screw (not shown) arranged
inside the shell 76. Both the shell 76 and the auger are
set in rotation by the electric motor 74. The shell 76,
thanks to the grated outer surface cooperating with the
perforated bottom wall 34 of the crucible 30, has the func-
tion of fragmenting the combustion of the pellet, whereas
the auger has the function of axially discharging such
residue from the shell 76, conveying it towards the chute
70. The electric motor 74 is automatically controlled by
the electronic control unit ECU.
[0022] A variant of the roller of the ash discharging
module is shown in figure 12, in which parts and elements
identical or corresponding to those of figure 10 have been
given the same reference numerals, increased by 100.
According to such a variant, the roller 168 comprises a
cylindrical outer shell 176, preferably made from stain-
less steel, having a plurality of through openings or slots
178, so as to allow the combustion residue (ash) to pass
through, each of the through openings or slots extending
along a direction inclined with respect to the axis of the
shell (i.e. to the axis of rotation of the roller). Inside the
shell 176 an auger or screw can be received.
[0023] The ash discharging module described above
both with reference to figures 5 and 10, and with refer-
ence to figure 12 can be used in a boiler operating with
any other different type of solid fuel.
[0024] With reference now in particular to figures 1, 2
and 5, the fuel loading module basically includes a ver-
tical tube 82 that extends upwards from the fuel tank 22
alongside the boiler body 16, a feeding auger (not shown)
received inside the vertical tube 82 to transport the fuel
(pellets) upwards from the fuel tank 22, an electric motor
(also not shown) suitable for setting the feeding auger in
rotation under the control of the electronic control unit
ECU and an oblique tube 84 which extends downwards
from a side of the vertical tube 82 opening out inside the
top space 44 of the boiler body 16 and from which the
fuel transported upwards by the feeding auger falls by
gravity.
[0025] With reference now in particular to figures 1, 2,
6, 7, 13 and 14, the heat recovery module basically com-
prises a double-walled cylindrical tube 86 fitted around
the flue 66 and preferably made from aluminized steel.
In the annular gap defined between the two cylindrical
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walls of the tube 86 flows the recovery water coming from
the return circuit of the boiler, the recovery water entering
into the tube 86 through an inlet fitting 88 and coming out
from the tube 86 through an outlet fitting 90, the inlet and
outlet fittings 88, 90 being arranged in the bottom part
and top part, respectively, of the tube 86. Thanks to the
heat exchange between the fumes that flow in the flue
66 and the return water that runs in the tube 86, the tube
carries out both a heat recovery function (the fumes give
up heat to the return water) and an anti-condensation
circulation function. In order to further increase the effi-
ciency of the heat recovery from the fumes to the recovery
water, the heat recovery module also comprises a coiled
tube 92 (figure 14) made as a smooth tube or, alterna-
tively, as a corrugated tube in order to increase the heat
exchange surface. The coiled tube 92 has an inlet end
94 connected to the outlet fitting 90 of the tube 86 and
an outlet end 96 coming out from the flue 66 and extends,
between the two inlet and outlet ends, with a vertical
coiled extension inside the flue itself, so as to allow more
heat to be given up by the fumes flowing in the flue to
the recovery water flowing in the coiled tube.
[0026] The heat recovery module described above
with reference to the application to the pellet boiler of
figure 1 can be installed on a boiler of any other type.
[0027] The hydraulic module is substantially of the per-
se-known type and therefore will not be described in de-
tail. In order to understand the present invention it is suf-
ficient to highlight that it includes, in addition to the tank
26 for sanitary hot water, a circulator or pump P (sche-
matically indicated in figure 15) of medium head, an au-
tomatic air bleeder valve (not shown), a safety valve or
pressure limit valve (also not shown), an expansion ves-
sel (also not shown), a water flow switch F (schematically
indicated in figure 15), a three-way diverter valve V (sche-
matically indicated in figure 15) and a series of ball shut-
off valves (not shown).
[0028] Finally, with reference to figure 15, the control
module comprises, in addition to the aforementioned
electronic control unit ECU, a control panel CP through
which the user is able, for example, to programme the
on/off time periods of the boiler, a timer thermostat TT
and a plurality of per-se-known sensors, like the afore-
mentioned temperature sensor T0 configured to meas-
ure the combustion temperature, a temperature sensor
T1 configured to measure the temperature of the fuel
(biomass/pellet), a temperature sensor T2 configured to
measure the temperature of the fumes, a temperature
sensor T3 configured to measure the temperature of the
water, a temperature sensor T4 configured to measure
the temperature of the structure of the boiler, as well as
the aforementioned angular velocity sensor H. The elec-
tronic control unit ECU receives in input measurement
or threshold signals provided by the sensors T0-T4, by
the water flow switch F, by the timer thermostat TT and
by the angular velocity sensor H and sends in output
control signals to the circulator or pump P, to the three-
way diverter valve V, to the electric motor that sets the

feeding auger in rotation, to the electric motor 74 that
sets the roller 68 of the combustion residue discharging
module in rotation, and to the motor fan 60.
[0029] Of course, the principle of the invention remain-
ing unchanged, the embodiments and the manufacturing
details can be widely varied compared to those described
and illustrated purely by way of non-limiting example.
[0030] In particular, a solid fuel wall-mounted boiler ac-
cording to the invention may also be made using an ig-
nition device, an ash discharging device and/or a heat
recovery device other than those described and illustrat-
ed in the present application.

Claims

1. Solid fuel boiler (10), in particular biomass boiler, for
heating rooms and producing sanitary hot water,
comprising a boiler body (16) having at least one
burner module for the combustion of the solid fuel
and a tank unit (14) having at least one fuel tank (22)
suitable for containing the solid fuel intended to be
fed to the boiler body (16),
characterised in that the tank unit (14) is arranged
below the boiler body (16) and in that at least the
boiler body (16) is configured to be wall-mounted or
suspended.

2. Boiler according to claim 1, wherein the tank unit (14)
also comprises an ash container (24) suitable for col-
lecting combustion residue resulting from combus-
tion of the solid fuel in the burner module.

3. Boiler according to claim 1 or claim 2, wherein the
tank unit (14) also comprises a tank (26) for sanitary
hot water.

4. Boiler according to any of the preceding claims,
wherein the burner module includes an ignition de-
vice (32) which comprises a transformer (38) with a
high-voltage primary and with a low-voltage second-
ary, and a rod (40) of metallic material suitable for
being heated to cause the ignition of the combustion
of the solid fuel, the rod (40) being connected to the
secondary of the transformer (38) so as to be heated
by induction when current is passed through it.

5. Boiler according to claim 4, also comprising a tem-
perature sensor (T0) suitable for detecting the tem-
perature of the rod (40) of the ignition device (32) by
measuring the resistance in the conductors (42) of
the secondary of the transformer (38).

6. Boiler according to claim 2, wherein the burner mod-
ule includes a crucible (30), and wherein the boiler
(10) further comprises an ash discharging module
including a roller (68; 168) suitable for fragmenting
the combustion residue in the crucible (30) and con-
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veying it towards the ash container (24) and a motor
(74) suitable for setting the roller (68; 168) into rota-
tion.

7. Boiler according to claim 6, wherein the roller (68;
168) comprises a cylindrical outer shell (76; 176)
having a plurality of through openings (78; 178) for
allowing the combustion residue to pass through
them.

8. Boiler according to claim 7, wherein the through
openings (78) in the cylindrical outer shell (76) of the
roller (68) are made as perforated protuberances
projecting in the radially outward direction so as to
make a grated surface suitable for cooperating with
a perforated bottom wall (34) of the crucible (30) con-
taining the fuel to be burnt so as to fragment the
combustion residue.

9. Boiler according to claim 7, wherein the through
openings (178) in the cylindrical outer shell (176) of
the roller (168) are made as slots that extend each
along an inclined direction with respect to the axis
of the cylindrical outer shell (176).

10. Boiler according to any one of claims 7 to 9, also
comprising an auger arranged inside the cylindrical
outer shell (76; 176) and configured to axially dis-
charge the combustion residue from said shell.

11. Boiler according to any of the preceding claims, fur-
ther comprising a heating chamber module including
a heat exchanger (48) configured to transfer the heat
of the fumes produced by the combustion to the wa-
ter of the heating circuit associated with the boiler
(10), wherein the heat exchanger (48) comprises a
body (50) that is received in a space (44) of the boiler
body (16) and that contains the water to be heated,
the body (50) including a first front vertical portion
(50a) that closes the top half of the space (44) at the
front, a second top horizontal portion (50b) that clos-
es the space (44) on top and a third rear vertical
portion (50c) that closes the space (44) at the back.

12. Boiler according to claim 11, wherein the heat ex-
changer (48) also comprises a plurality of fins (52)
arranged on at least one of said first, second and
third portions (50a, 50b, 50c) of the body (50) of the
heat exchanger so as to increase the heat exchange
surface between the combustion fumes and the wa-
ter contained in the body (50) of the heat exchanger.

13. Boiler according to claim 11 or claim 12, wherein the
boiler body (16) also comprises a fume extraction
module that includes a motor fan (60) arranged
downstream of the heat exchanger (48) to draw in
the fumes coming from the burner module, and a
flue (66) arranged downstream of the motor fan (60)

to expel the fumes drawn in by the motor fan (60) to
the outside.

14. Boiler according to claim 13, also comprising a heat
recovery module including a double-walled cylindri-
cal tube (86) fitted onto the flue (66), the cylindrical
tube (86) being provided with an inlet fitting (88) and
with an outlet fitting (90) for the inlet and the outlet,
respectively, of the recovery water coming from the
boiler (10), so as to allow heat to be given up by the
fumes flowing through the flue (66) to the recovery
water flowing through the cylindrical tube (86).

15. Boiler according to claim 14, wherein the heat recov-
ery module also includes a coiled tube (92) that has
an inlet end (94) connected to the outlet fitting (90)
of the cylindrical tube (86) and an outlet end (96)
coming out from the flue (66), the coiled tube (92)
extending, between the two inlet and outlet ends,
along a vertical coiled path.
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