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(54) Apparatus, device and method for filtering fine particulate matter from exhaust gas

(57) An aspect of the invention is related to a filter
device for filtering fine particulate matter from exhaust
gas comprising:
- an exhaust gas inlet;
- an exhaust gas outlet;
- a precipitator device; and
- an outfall sewer with a particle discharge valve,

wherein, when the filter device is in use, the exhaust gas
flowing from the exhaust gas inlet to the exhaust gas
outlet passes the precipitator device along a first gas flow
direction F1, which is substantially vertically downwards,
wherein the precipitator device is capable of at least par-
tially removing fine particulate matter from the exhaust

gas;
wherein the outfall sewer is configured to collect the re-
moved fine particulate matter, wherein the particle dis-
charge valve is configured to automatically discharge the
collected fine particulate matter,
wherein the outfall sewer and/or the particle discharge
valve is spaced apart from the precipitator device along
the first gas flow direction F1 so that fine particulate mat-
ter is transportable by means of gravity and/or by means
of draging with the exhaust gas flow along the first gas
flow direction F1 from the precipitator device to the outfall
sewer as well as an apparatus and a method.
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Description

[0001] The subject-matter of the invention relates to
an apparatus, a device and a method for filtering fine
particulate matter from exhaust gas. The subject-matter
of the invention can be applied for cleaning exhaust gas
combustion facilities such as stoves, furnaces, boilers,
combustion chambers and burning appliances, which are
combusting solid combustionable matter, such as wood,
straw, second-rate cereals, unsuitable for food, or other
fuels, such as liquid or gaseous fuels, such as diesel or
heating oil. Further, the filter device may also be used
for cleaning of exhaust gas from diesel internal-combus-
tion engines.
[0002] In the application the combustion of wood, as a
preferred solid combustionable matter, is used as an ex-
ample. However, it has to be understand, that the term
"wood" can be replaced by any one other combustionable
matter. The combustion of wood generally includes the
following steps: (i) solid wood fuel is fed into a combustion
chamber, (ii) wood is burnt and (iii) exhaust gas exits
through the chimney into the atmosphere. Studies have
shown that wood combustion is responsible for high
emissions of fine particles and polycyclic aromatic hy-
drocarbons (PAH) which are associated with increased
mortality and cardiovascular diseases (see Non-Patent
Documents 1 and 2). Negative effects are likely in lower
respiratory symptoms and reduced lung function in chil-
dren and chronic obstructive pulmonary disease and re-
duced lung function in adults. As fine particles are asso-
ciated with a strong negative health effect, it is urgent to
prevent aerosol emissions into the atmosphere.
[0003] Electrostatic precipitators are the most common
choice ensuring high removal efficiency for the complete
particle size range. Most of the fine particles from exhaust
gas are collected in the electrostatic precipitators and
remain in the gas cleaning system.
[0004] The electrostatic precipitators need periodical
cleaning and further disposal of the collected aerosol,
which is mainly soot in case of wood combustion. In small
scale wood combustion, the discharge of collected soot
from known electrostatic precipitators is carried out man-
ually. Due to possible high concentrations of PAH in the
precipitated aerosol, the discharge of soot from the elec-
trostatic precipitators needs to be carried out carefully
and demands the use of individual protection means to
exclude direct contact with the aerosol (see Non-Patent
Document 1). The same problems might appear with dis-
posal of the collected aerosol. The collected aerosol with
a high PAH concentration might be identified as special
waste and the disposal of this waste increases the costs
of the gas cleaning system.
[0005] Non-Patent Document 1: Hueglin, Ch., Gae-
gauf, Gh., Knzel, S., and Burtscher, H. (1997) "Charac-
terization of wood combustion particles: Morphology,
mobility, and photoelectric activity", Environmental Sci-
ence and Technology, Vol. 31, No. 12, 3439-3447.
[0006] Non-Patent Document 2: Nussbaumer, Th.

(2003), "Combustion and co-combustion of biomass:
Fundamentals, technologies, and primary measures for
emission reduction", Energy & Fuels, Vol. 17, 1510-1521.
[0007] There are technical solutions where the aero-
sol, collected in an electrostatic precipitator , is dis-
charged direct into the combustion chamber and is fur-
ther burnt. In one case, this takes place in a wet electro-
static precipitator, in which the collected aerosol together
with condensate flows back into the combustion cham-
ber. In another solution, a dry electrostatic precipitator is
cleaned manually when the combustion facility is
switched-off. The collected aerosol is directed into the
combustion chamber and is further burnt during the next
combustion cycle. There are several problems of the dis-
charge of the soot in the state-of-the-art electrostatic pre-
cipitators. In case of high gas temperatures, the conden-
sate could evaporate and the discharge of collected soot
into the combustion chamber would be strongly reduced,
and the collected soot would be reentrained into the clean
gas flow. If the collected soot is cleaned and delivered
into the combustion chamber of the switched-off dry elec-
trostatic precipitator , the loading of the cold combustion
chamber with wood could provoke the exit of soot into
the ambient air which would be dangerous for human
health. The manual cleaning of an electrostatic precipi-
tator results in direct contact with soot, thus demanding
the use of individual protection means.
[0008] Small wood combustion needs the develop-
ment of a method of cleaning of exhaust gas which would
be characterized by low emission of fine particles; in the
method the cleaning of collected aerosol would be per-
formed automatically; the direct contact with collected
soot would be excluded and the soot would be re-con-
sumed. Accordingly, small wood combustion needs the
development of a "Close-Clean-Combustion"-method
(3C-method).
[0009] The results of use of electrostatic precipitators
for gas cleaning from different wood combustion facilities
are presented in Non-Patent Document 3. The electro-
static precipitators show high mass and fractional collec-
tion efficiency. However, the operation of the electrostatic
precipitators leads to problems which could limit precip-
itators collection efficiency and stability of operation, e.g.
loss of operation stability due to loading of the high volt-
age isolator (HVI) with aerosol; problems with operation
control due to loading of temperature sensors by soot;
decrease of efficiency due to spark-over discharges in
the electrostatic precipitator ionizer; loss of energy by
gas cooling in the electrostatic precipitator; irritating
sound from the spark-over discharges; limited possibility
for quick maintenance and re-placement of the electro-
static precipitators, etc.
[0010] Non-Patent Document 3: Kiener, S., Turowski,
P., Hartmann, H,, and Schmoeckel, G. (2010) "Bewer-
tung kostengonstiger Staubabscheider für Einzelfeuer-
stätten und Zentralheizungskessel", Berichte aus dem
TFZ N 23, Straubing. (http://www.tfz.bayern.de/sonstig-
es/15951/23_bericht_internet_geschuetzt.pdf)
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[0011] Therefore, it is a problem to provide an appa-
ratus, a device, and a method, which are capable to in-
crease the fraction of fine particulate matter removed
from exhaust gas, wherein the efforts for maintenance
are decreased and the use is made more comfortable to
the user.
[0012] The problem is solved by the subject-matter of
the independent claims. Preferred embodiments are de-
fined in the dependent claims.

Filter device according to an aspect

[0013] An aspect of the invention is related to a filter
device for filtering fine particulate matter from exhaust
gas comprising:

- an exhaust gas inlet;
- an exhaust gas outlet;
- a precipitator device; and
- an outfall sewer with a particle discharge valve,

wherein, when the filter device is in use, the exhaust gas
flowing from the exhaust gas inlet to the exhaust gas
outlet passes the precipitator device along a first gas flow
direction F1, which is substantially vertically downwards,
wherein the precipitator device is capable of at least par-
tially removing fine particulate matter from the exhaust
gas;
wherein the outfall sewer is configured to collect the re-
moved fine particulate matter, wherein the particle dis-
charge valve is configured to automatically discharge the
collected fine particulate matter,
wherein the outfall sewer and/or the particle discharge
valve is spaced apart from the precipitator device along
the first gas flow direction F1 so that fine particulate mat-
ter is transportable by means of gravity and/or by means
of draging with the exhaust gas flow along the first gas
flow direction F1 from the precipitator device to the outfall
sewer.
[0014] Advantageously, the manual efforts for mainte-
nance of the filter device are minimized. Since the fine
particulate matter is transported from the collector along
the first gas flow direction F1 towards the outfall sewer,
a sedimentation of fine particulate matter at not intended
locations along the exhaust gas path are prevented. Par-
ticularly, the fine particulate matter removed from the ex-
haust gas at the collector has not to be transported
against the exhaust gas flow, which would bear the risk
that the fine particulate matter, which is not ionized at
this stage any more, is exhausted together with the ex-
haust gas through a chimney. In other words, the filter
device is less prone to the re-entrainment of collected
fine particulate matter into the cleaned exhaust gas,
which decreases the emission and increases the collec-
tion efficiency. Since the particle discharge valve can be
operated automatically for periodically discharge the fine
particulate matter collected in the outfall sewer, a fre-
quent manual cleaning can be omitted.

[0015] Particularly, the filter device ensures not only
effective collection of fine particulate matter, but also al-
lows effective re-consumption of collected aerosol, since
the valve is directly or indirectly connectable to the com-
bustion chamber.
[0016] The exhaust gas can be generated by combust-
ing any combustionable matter, such as any solid, liquid
or gaseous combustionable matter. Depending on the
choice of combustionable matter and the combustion
process the exhaust gas resulting from the combustion
contains more or less fine particulate matter. In particular
the burning of solid combustionable matter, such as bi-
omass, wood, waste, coal, etc., or the combustion of liq-
uid matter, such as diesel fuel, heavy oil, crude oil, etc,
generates fine particulate matter during the combustion
process.
[0017] The term fine particulate matter describes par-
ticles with an aerodynamic diameter of less than about
10 mm, which move in a gas like a sphere of unit density
(1 gram per cubic centimeter) with a diameter of 10 mi-
crometers. The particle diameters range from less than
10 nm to more than 10 micrometers. These dimensions
represent the continuum from a few nanometers up to
the size where particles can no longer be carried by a
gas. In other words the fine particulate matter can form
an aerosol together with the carrying gas.
[0018] The exhaust gas flows generally from a com-
bustion chamber through the chimney into the environ-
ment. In order to clean the exhaust gas the filter device
can be installed within the chimney. The exhaust gas
entries the filter device through the exhaust gas inlet,
which can be formed as an opening or a pipe connection.
After filtering the filtered exhaust gas leaves the filter de-
vice through the exhaust gas outlet, which can be formed
as an opening or a pipe connection. In this application,
the exhaust gas flow direction from the exhaust gas inlet
to the exhaust gas outlet is named "downstream". Ac-
cordingly, the exhaust gas inlet is arranged upstream of
the exhaust gas outlet and the exhaust gas outlet is ar-
ranged downstream of the exhaust gas inlet.
[0019] The precipitator device removes the fine partic-
ulate matter from the exhaust gas. The precipitator de-
vice may comprises a wall flow filter, a particle filter or
an electrostatic precipitator. The particles removed from
the exhaust gas can stick together and form agglomer-
ates and, thus, these have to be discharged from the filter
device in order to prevent a blockage of the filter device.
When using the filter device the exhaust gas is flowing
downstream along a first gas flow direction F1 through
the precipitator device. An outfall sewer with a particle
discharge valve is arranged downstream of the precipi-
tator device. In other words the outfall sewer and/or the
particle discharge valve can be spaced apart along the
first gas flow direction F1 from the precipitator device. As
an advantage the removed particles and/or agglomer-
ates have to be transported along the exhaust gas flow
towards the outfall sewer, and thus the flow of the exhaust
gas may support this transportation.
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[0020] Further, the first gas flow direction F1 is directed
substantially vertically downwards. In other words, when
the filter device is in use, the first gas flow direction F1
is vertically directed towards the earth’s center with a
deviation less than about 645 degrees, preferably less
than about 630 degrees, preferably less than about 615
degrees, and most preferably less than about 65 de-
grees from the vertical direction.
[0021] The outfall sewer is configured to collect the re-
moved fine particulate matter. In other words the particles
and agglomerates removed from the exahust gas by
means of the precipitator device are collected in the out-
fall sewer and less than about 20%, preferably less than
about 10%, more preferably less than about 5%, prefer-
ably less than about 1% of the removed mass of the fine
particulate matter is transported beyond the outfall sewer
and exhausted through the chimney.
[0022] The particle discharge valve is configured to au-
tomatically discharge the collected fine particulate mat-
ter. The automatic discharge can be triggered by exceed-
ing a threshold value or threshold mass of collected mat-
ter in the outfall sewer. Additionally or alternatively the
discharge can be triggered periodically within a deter-
mined time interval of 1 hour, 1 day, 1 week or the like.
The particle discharge valve can be connected via a par-
ticle discharge duct to a dust bin or to a device for com-
busting the collected fine particulate matter. Preferably
the collected fine particulate matter can be provided to
the combustion process already generated the exhaust
gas, which was filtered by means of the filtering device.
[0023] In a preferred embodiment the precipitator de-
vice is a electrostatic precipitator device comprising:

- an ionizer for ionizing the exhaust gas flowing
through the precipitator device;

- a collector, for collecting fine particulate matter from
the ionized exhaust gas, wherein the collector is
spaced apart from the ionizer along the first gas flow
direction F1 by a plenum chamber connecting the
ionizer and the collector; and

- a cleaning device for removing fine particle matter
adhering at the collector.

[0024] Advantageously, the electrostatic precipitator
has a simple design, is robust and does not need manual
collector cleaning. Furthermore, the electrostatic precip-
itator has a small size, preferably to fit within a 150 mm
or 120 mm diameter in a chimney pipe. As a further ad-
vantage the pressure drop between the exhaust gas inlet
and the exhaust gas outlet of the filter device is lower
compared to other filtering techniques such like wand
flow filters. Particularly, in cases where the exhaust gas
flow is only caused by the thermodynamic lift in the chim-
ney a pressure drop caused by the filter device may
cause unsafe operating conditions of the combustion.
Therefore, the pressure drop caused by the electrostatic
precipitator may be less than 10 Pa, preferably less than
5 Pa, more preferably less than 2 Pa or less than 1 Pa.

In other words, when the filter device is in use, the exhaust
gas pressure at the ionizer differs from the exhaust gas
pressure at the collector by less than 10 Pa, 5 Pa, 2 Pa,
or 1 Pa.
[0025] Preferably, the ionizer of the precipitator device
comprises:

- a screen electrode,
- a high voltage isolator,
- a high voltage rod, having a top end which at least

partially penetrates the high voltage isolator and a
bottom end comprising a high voltage corona dis-
charge electrode, wherein the high voltage rod is at
least partially axially installed inside of the screen
electrode.

[0026] Advantageously, the high voltage isolator can
be within the flow path of the exhaust gas, which would
keep the aggregation of fine particulate matter at the high
voltage isolator low. Consequently, the probability of
spark-over discharges is decreased and, thus, the noise
emission is also decreased. Furthermore, a manual
cleaning of the high voltage isolator would not be neces-
sary. In order to solve the problem of noise decrease
alone the electrostatic precipitator, as described in this
application, could be provided in a exhaust gas duct with-
out the further features of the filter device, in particular
without the outfall sewer and without the discharge valve.
[0027] The screen electrode may be formed as a cyl-
inder and the high voltage rod may be axially installed
within the screen electrode. The screen electrode may
be mounted axially to a housing of the filter device. Ad-
vantageously, a cylindrical filter device housing can be
easily integrated into the chimney or fitted between two
parts of the chimney.
[0028] The high voltage isolator may be configured to
withstand a voltage of greater than about 200 Volts, pref-
erably greater than about 400 Volts, more preferably
greater than about 1000 Volts, more preferably greater
than about 2000 Volts or 4000 Volts.
[0029] Preferably the collector of the precipitator de-
vice has a cylindrical shape and wherein the cleaning
device comprises:

- a brush which is rotatably arranged inside the cylin-
drical collector,

- an operating device for rotating the brush, and
- a plate for removing fine particulate matter from the

brush.

[0030] The brush may be of a material resistant to the
exhaust gas, i.e. the high gas temperature and corrosion.
For example the brush be made of corrosion resistant
metal like stainless steel, brass and the like. The collector
may be formed cylindrically, wherein the brush is clean-
ing the inside face of the cylindrical collector by rotation
of the brush around its own axis. The brush may be driven
by a driving device, which can be an electrical motor.
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Preferably, the brush is formed as a conveyor screw,
which conveys the particulate matter along the first gas
flow direction F1, i.e. downstream, during the rotation of
the brush.
[0031] A supporting high voltage rod may electrically
connect a high voltage source with the high voltage rod,
wherein the supporting high voltage rod at least partially
penetrates the top end of the high voltage rod, and the
axis of the supporting high voltage rod and the axis of
the high voltage rod are orthogonal to each other. The
supporting high voltage rod may also completely pene-
trate the top end of the high voltage rod.
[0032] The filter device may comprise a temperature
sensor, which may be located at or in the high voltage
isolator. The temperature sensor may be included into
the body of the high voltage isolator or be arranged in a
hole of the high voltage isolator body.
[0033] The screen electrode may comprise dou-
ble-walls. In this case the temperature sensor may be
located in a free space between the double-walls of the
screen electrode.
[0034] Advantageously, the maintenance of the tem-
perature sensor is simplified, since the temperature sen-
sor is not located in the particle loaded exhaust gas flow,
which would reduce the stability of the electrostatic pre-
cipitator operation.
[0035] Preferably, the electrostatic precipitator is at
least partially or completely catalytically coated.
[0036] Preferably, the electrostatic precipitator is in-
stalled inside of an output duct, which can be a pipe like
a chimney pipe and which can be single pieced with the
exhaust gas outlet, wherein a gap between the electro-
static precipitator housing and the output duct is formed.
More preferably, a second direction F2 of the exhaust
gas flow in the gap is opposite to the first direction F1 of
the exhaust gas flow, when the filter device is in use.
Further, the output duct has a cross-section area S1 and
the electrostatic precipitator housing has a cross-section
area S2 , wherein the equation S2≤ S1/2 is preferably
fulfilled in order to minimize the pressure drop over the
filter device.

Apparatus according to an aspect

[0037] An aspect of the invention is related to an ap-
paratus for combusting solid combustionable matter
comprising:

- a combustion chamber;
- a feeding device for feeding the combustion chamber

with the solid combustionable matter;
- a filter device according to the invention,

wherein the exhaust gas inlet of the filter device is fluidly
connected to the combustion chamber via an exhaust
gas duct;
wherein the particle discharge valve of the filter device
is fluidly connected to the feed device via a fine particle

discharge duct.
[0038] Alternatively, an aspect of the invention is relat-
ed to an apparatus for combusting solid combustionable
matter comprising:

- a combustion chamber;
- a filter device according to the invention,

wherein the exhaust gas inlet of the filter device is fluidly
connected to the combustion chamber via an exhaust
gas duct;
wherein the particle discharge valve of the filter device
is fluidly (directly) connected to the combustion chamber.
[0039] The combustion chamber is configured to com-
bust or burn a fuel, which is in this case a solid combus-
tionable matter or solid fuel, like wood, coal or the like. It
has to be emphasized that the removing functionality of
the filter device can also be obtained, when combusting
a fluid or gaseous fuel, such as diesel or heavy oil.
[0040] The feeding device can be an automatic feeder,
which is capable to feed a predetermined amount of com-
bustionable matter or fuel into the combustion chamber
in order to generate a predetermined amount of heat en-
ergy. The particle removed from the exhaust gas are pro-
vided from the filter device to the feeding device by means
of the fine particle discharge duct connecting the particle
discharge valve of the filter device with the feed system.
Advantageously, the fine particulate matter is not reintro-
duced directly into the combustion chamber, which pre-
vents a contamination of the combustion chamber during
maintenance or an incomplete combustion of the reintro-
duced fine particulate matter when the temperature in
the combustion chamber is too low. Particularly, when
starting the combustion process the temperature in the
combustion chamber slowly rises until the operating tem-
perature is reached. The fine particulate matter, however,
is only combusted properly when this operating temper-
ature is present. Therefore, the feeding device may be
configured to keep the fine particulate matter provided
by the filter device until the operating temperature is
reached in the combustion chamber. Exemplarily, the
volume of combustionable matter in the feeding device,
which is storable between a feeding opening of the com-
bustion chamber and a opening of the feeding device
connected to the fine particle discharge duct may be suf-
ficient to provide the combustion chamber with fuel until
the operating temperature is reached. Thus, a complete
combustion of the fine particulate matter can be obtained.
[0041] Preferably, the fine particle discharge duct is
configured to convey the fine particulate matter from the
particle discharge valve to the feeding device by gravity.
Thus, the fine particle discharge duct may extend sub-
stantially vertically from the particle discharge valve to
the feeding device.

Method according to an aspect

[0042] An aspect of the invention is related to a method
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for combusting solid combustionable matter comprising
to steps of:

- feeding a solid combustionable matter by means of
a feeding device into a combustion chamber;

- combusting the solid combustionable matter thereby
generating exhaust gas;

- leading the exhaust gas to a filter device according
to the invention;

- removing fine particulate matter from the exhaust
gas by means of the filter device;

- periodically discharging the removed fine particulate
matter into the feeding device;

- mixing the removed fine particulate matter with the
solid combustionable matter;

- feeding the mixture into the combustion chamber;
and

- combusting the mixture of removed fine particulate
matter and the solid combustionable matter in the
combustion chamber.

[0043] Thus, a "Close-Clean-Combustion" method
(3C-method) for exhaust gas cleaning, which ensures
stable operation, effective exhaust gas cleaning and ef-
fective re-consumption of collected fine particulate mat-
ter is provided.
[0044] Additional objects, advantages and features of
the present invention will now be described in greater
detail, by way of example, with reference to preferred
embodiments depicted in the drawing in which:

Figure 1 illustrates a known apparatus for combusting
wood and cleaning the exhaust gas by
means of a electrostatic precipitator;

Figure 2 illustrates a known electrostatic precipitator
for cleaning of exhaust gas;

Figure 3 shows a preferred embodiment of the elec-
trostatic precipitator according to the inven-
tion;

Figure 4 shows a detailed view of the ionizer of the
electrostatic precipitator of Fig. 3;

Figure 5 shows preferred embodiments of a high volt-
age isolator in the electrostatic precipitator
of Fig. 3;

Figure 6 shows preferred locations of a temperature
sensor in the electrostatic precipitator of Fig.

3;

Figure 7 illustrates a preferred embodiment of an ap-
paratus for combusting a solid fuel according
to the invention;

Figure 8 illustrates another preferred embodiment of
an apparatus for combusting a solid fuel ac-
cording to the invention;

Figure 9 illustrates another preferred embodiment of
an apparatus for combusting a solid fuel ac-
cording to the invention.

[0045] Figure 1 shows a known apparatus 1 for com-
busting wood, as an exemplary solid combustionable
matter, comprising an electrostatic precipitator 4 for
cleaning of the exhaust gas generated by the combus-
tion, according to document US 4 675 029 A. The known
apparatus for cleaning of exhaust gas from wood com-
bustion, especially for combustion of wood pellets 3a
and/or chips, comprises a combustion appliance 1 a with
a combustion chamber 2. A solid fuel feed system 3 pro-
vides the combustion chamber with solid combustionable
matter. The direction W of the movement of the wood
pellets 3a is shown by an arrow. An electrostatic precip-
itator 4 for collecting the fine particulate matter and/or
aerosol contained in the exhaust gas generated by the
combustion process is installed downstream of the com-
bustion appliance 1 a. An input duct 5 connects the com-
bustion chamber 2 with the electrostatic precipitator 4.
An output duct 6 connects the electrostatic precipitator
4 with a chimney (not shown). The direction F of the ex-
haust gas flow in the electrostatic precipitator 4 coincides
with direction F of the gas flow in the input duct 5 and the
output duct 6.
[0046] The known method for exhaust gas cleaning
from combustion comprises the collection of particles in
the electrostatic precipitator 4, which are directly dis-
charged back into the combustion chamber 2 through
the input duct 5.
[0047] Figure 2 shows a known electrostatic precipi-
tator 4 for cleaning of the exhaust gas according to doc-
ument DE 10 2008 049 211 A1. The state-of-the-art elec-
trostatic precipitator 4 shown in Fig. 2 comprises a sep-
arate pipe-form-housing ionizer 9, a pipe-form-housing
collector 10 and a plenum chamber 11 which connects
the ionizer 9 and the collector 10. The direction F1 of the
gas flow in the ionizer 9 and the direction F2 of gas flow
in the collector 10 are opposite. The ionizer 9 comprises
a screen electrode 12, a high voltage isolator 13 which
is installed in an isolator housing 14, a high voltage rod
15 which passes by its top end 15a through the high
voltage isolator 13 and the high voltage rod 15 is axially
installed inside of the screen electrode 12, and a high
voltage corona discharge electrode 16 which is installed
at a bottom end 15b of the high voltage rod 15. A charging
zone 17 is formed between the corona discharge elec-
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trode 16 and the ionizer 9 pipe-form-housing. The
grounded collector 10 comprises a brush 18, which is
axially installed in the collector 10 pipe-form housing, and
a device 19 capable to rotate the brush. The rotation of
the brush 18 can be carried out constantly or periodically
in predetermined time-intervals. The collector 10 is sup-
plied with a thin plate (20) for cleaning of the brush 18.
[0048] Figures 3 and 4 disclose a filter device 4A hav-
ing an electrostatic precipitator 4B according to the
present invention. Since some of the features and ele-
ments of the filter device 4A are corresponding to the
features and elements shown in Fig. 2, corresponding
elements are labeled with identical reference signs. The
electrostatic precipitator 4B of the filter device 4A can
comprise housing 21, which can be a single pipe-form-
housing 21, wherein the housing is electrically grounded.
The electrostatic precipitator 4B can be installed inside
an output duct 6 with a gap 8 between the precipitator
housing 21 and the output duct 6. The electrostatic pre-
cipitator 4B is configured that, when in use, the exhaust
gas entries the electrostatic precipitator via the exhaust
gas inlet 5 and flows through the housing 21 along a first
exhaust gas flow direction F1. Subsequently, the exhaust
gas flows through the gap 8 back along a second exhaust
gas flow direction F2, which is opposite to the first exhaust
gas flow direction F1. Therefore, the cross-sectional area
of the housing 21 and the gap 8 is preferably identical.
[0049] An ionizer 22 is installed above (i.e. according
to the first exhaust gas flow direction F1 upstream of) a
collector 23 in the housing 21. Whereas the direction of
the exhaust gas flow in the ionizer 9 and collector 10 in
the state-of-the-art electrostatic precipitator is opposite
(cf. Fig. 2), in the electrostatic precipitator shown in Fig.
3 the direction of the exhaust gas flow through the ionizer
22 and the collector 23 is the identical.
[0050] The ionizer 22 comprises a screen electrode
12, a high voltage isolator 13 which is installed in an iso-
lator housing 14, a high voltage rod 15 which is fixed with
its top end 15a at the high voltage isolator 13 and the
high voltage rod 15 is axially installed inside of the screen
electrode 12, and a high voltage corona discharge elec-
trode 16 which is installed at a bottom end 15b of the
high voltage rod 15. A charging zone 17 is formed be-
tween the corona discharge electrode 16 and the housing
21.
[0051] A cleaning device 24 is maintained in the ple-
num chamber between the ionizer 22 and the collector
23. The cleaning device 24 is connected by its bottom to
an axis 25 of a brush 18 and cleaning elements 26 of the
cleaning device 24 are positioned in the charging zone
17 of the ionizer 22. The cleaning elements are preferably
positioned near to the wall of the precipitator housing 21
to be capable to clean the wall.
[0052] The cleaning device 24 is configured to mini-
mized the pressure drop occurring when exhaust gas is
flowing through the cleaning device 24. Therefore, the
mechanical fixture of the axis may be formed of struts
having a small resistance regarding the flowing exhaust

gas. The brush 18 is axially installed in the collector part
of the precipitator housing 21. The position of the precip-
itator housing 21 in the output duct 6 can be fixed by the
elements 27, which may be struts squeezing the housing
21 against the inner wall of the output duct 6. The brush
18 is connected to a driving device M which ensures the
rotation of the brush 18. The brush 18 can be cleaned
by gliding over a thin plate 20 removing the particles from
the brush 18.
[0053] A valve 7 is installed in the output duct 6 below
(i.e. according to the first exhaust gas flow direction F1
downstream of) the collector 23. The valve 7 can part of
the electrostatic precipitator 4B or alternatively a part of
the output duct 6. The valve closes a outfall sewer 7a,
which is collecting the particles removed from the collec-
tor by means of the brush 18. The valve can be opened
and closed by means of the valve actuator V. This open-
ing and closing can be performed periodically in prede-
termined time-intervals or depending on the amount of
collected material present in the outfall sewer 7a.
[0054] As shown in Fig. 3 the electrostatic precipitator
4B is installed inside of the output duct 6 with a gap 8
between the electrostatic precipitator housing 21 and the
output duct 6. A second direction F2 of the exhaust gas
flow in the output duct 6 in the gap 8 between the elec-
trostatic precipitator housing 21 and the output duct 6 is
opposite to the first direction F1 of the exhaust gas flow
in the electrostatic precipitator 4B. The electrostatic pre-
cipitator 4B is preferably installed in such a way in the
output duct 6 that the pressure drop in the gas duct 6 is
minimized. The output duct 6 has a cross-section area
S1, while S2 is the cross-section area of the electrostatic
precipitator housing 21. A setup with minimized pressure
drop is realized when the equation S2≤ S1/2 is fulfilled.
[0055] Preferably, the high voltage rod 15 only partly
penetrates by its top end into the high voltage isolator 13
to ensure stable operation. A supporting high voltage rod
28 may be axially installed inside of the high voltage iso-
lator 13, wherein the supporting rod 28 is connected to
a high voltage unit (not shown). The supporting rod 28
penetrates through the top end 15a of the high voltage
rod 15 and fixes the position of the high voltage rod 15
in the high voltage isolator 13. The axis of the supporting
rod 28 and the axis of the high voltage rod 15 are pref-
erably orthogonal to each other. The high voltage isolator
13 can be mounted to the isolator housing 14, which is
connected to the screen electrode 12 and is at the same
ground potential. The electrostatic precipitator can be
such designed that the high voltage isolator housing 14
might be installed without a gap or with a gap regarding
to the precipitator housing 21.
[0056] To ensure long-term stable operation and to
minimize the probability of short-currents through the iso-
lator surface, it is preferred that the lateral surface of the
high voltage isolator 13 is formed non-smooth. For ex-
ample, the high voltage isolator could be provided with
a wave-form lateral surface as shown in view (a) of Figure
5. Beneath the wave-form lateral surface the high voltage
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isolator could be formed conical with respect to the axis
of the high voltage rod 15 as shown in view (b) of Fig. 5.
These schematic views of the high voltage isolators 13a
and 13b are only examples. The high voltage isolator 13
could be manufactured in different forms. For example,
a high voltage insulator 13 can be such designed that it
has large-diameter left and right parts and a reduced-
diameter middle part. An axial orifice passes through the
large-diameter left part, through the middle part and ends
inside of the large-diameter right part. A high voltage sup-
porting rod 28 is installed inside of the axial orifice. An
orthogonal orifice is in the reduced-diameter middle part
of the high voltage insulator 13. The high voltage rod 15
is installed with its top part 15a in this orifice. The sup-
porting rod 28 passes through the top end 15a of the high
voltage rod 15 and fixes its position in the high voltage
isolator 13.
[0057] As shown in Figure 6 a temperature sensor 29
may be provided to the electrostatic precipitator 4B in
order to ensure effective control of electrostatic precipi-
tator operation. The temperature sensor 29 may be lo-
cated inside of the body of the high voltage isolator 13,
as shown in view (a) of Fig. 6, for example in an opening
of the high voltage isolator 13 towards the high voltage
isolator housing 14. Alternatively, the temperature sen-
sor 29 can be located in the wall of the high voltage iso-
lator housing 14, as shown in view (b) of Fig. 6. Alterna-
tively, the screen electrode 12 has double-walls, as
shown in view (c) of Fig. 6, and the temperature sensor
29 is installed in the free space between these walls in
order to ensure stable operation.
[0058] Figure 7 discloses an apparatus 1 for combust-
ing a solid fuel, such as wood, and for cleaning the ex-
haust gas from wood combustion. An output duct 6 fluidly
connects a solid fuel feed system 3 and the chimney (not
shown). A filter device 4A with an electrostatic precipita-
tor 4B, such as shown in Figures 3 to 6, is installed inside
of the output duct 6 with a gap 8 between the electrostatic
precipitator housing 21 and the output duct 6. A valve 7
is installed in the output duct 6 vertically below the elec-
trostatic precipitator 4B and above the solid fuel feed sys-
tem 3. The fine particulate matter or aerosol collected in
the electrostatic precipitator 4B is discharged into a out-
fall sewer 7a above valve 7. The valve can be part of the
output duct 6 as well as a part of the electrostatic precip-
itator 4B. The valve 7 can be automatically, periodically
opened into the solid fuel feed system 3. The opening of
the valve can be triggered by the amount or weight of
material in the outfall sewer 7a. For example, the weight
of the material can apply a force against a spring, wherein
the valve is opened when the force generated by the
weight exceeds a predetermined amount. Alternatively
or additionally, the valve may be opened by a valve driv-
ing device V, which may be electronically controlled. The
valve driving device may comprise a motor or an electrical
actuator.
[0059] The second direction F2 of the exhaust gas flow
in the output duct 6 in the gap 8 between the electrostatic

precipitator housing 21 and the output duct 6 is opposite
to the first direction F1 of the exhaust gas flow in the
electrostatic precipitator 4B. The electrostatic precipita-
tor 4B is preferably installed in such a way in the output
duct 6 that the pressure drop in the gas duct 6 is mini-
mized. The output duct 6 has a cross-section area S1,
while S2 is the cross-section area of the electrostatic pre-
cipitator housing 21. A setup with minimized pressure
drop is realized when the equation S2≤ S1/2 is fulfilled.
[0060] The output duct 6 can be coated with a ther-
mo-isolating and/or sound-isolating layer. This reduces
the loss of energy and decreases the negative influence
of the noise from spark-over discharges in the electro-
static precipitator 4B.
[0061] In the apparatus for cleaning of exhaust gas
from wood combustion, instead of the electrostatic pre-
cipitator 4B, any other precipitators like wall flow filters
can be installed in the output duct 6 with a gap 8 between
the precipitator housing and the output duct 6. In such
an embodiment, the collected aerosol falls down from
the precipitator into the output duct 6 directly onto the
valve 7. The precipitator can be supplied with any clean-
ing system and control system which controls the precip-
itator operation parameters.
[0062] In the apparatus for cleaning of exhaust gas
from wood combustion at least one precipitator is in-
stalled in the output duct 6. To ensure effective gas clean-
ing at high gas flow rates (from combustion facilities with
high thermal power output), the apparatus may comprise
two or more precipitators, such as filters and/or electro-
static precipitators.
[0063] In the apparatus for cleaning of exhaust gas
from wood combustion, the electrostatic precipitator, or
filter, or electrostatic precipitators and filters together, are
preferably manufactured with a possibility to be replaced.
Accordingly, the design of the apparatus must ensure
easy re-placement, cleaning and repair of the installed
electrostatic precipitator(s) and/or filter(s). Thus, in the
apparatus according to the present invention, the output
duct 6, as shown in Fig. 3, is preferably manufactured
with an opening 32 with a cup through which the electro-
static precipitator(s) and/or filter(s) can be maintained in
the output duct 6.
[0064] In the apparatus for cleaning of exhaust gas
from wood combustion, a filter device 4A with an elec-
trostatic precipitator 4B and/or a filter, being installed in
the output duct 6, may be integrated into the combustion
facility 1a. The combustion facility 1a with integrated elec-
trostatic precipitator 4B is depicted in Figure 8. The out-
put duct 6 is integrated into the combustion facility 1 a.
The exhaust gas from the combustion chamber 2 flows
into the electrostatic precipitator 4B through the input
duct 5, which is integrated into the combustion facility 1
a. The valve 7 is installed inside of the output duct 6 and
is also integrated into the combustion facility 1. The mix-
ing of the collected aerosol with wood takes place in the
part of the solid fuel feed system 3 which is integrated
into the combustion facility 1 a.
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[0065] The output duct 6 may be a part of the housing
of the combustion facility 1 a. In this embodiment, the
first direction F1 of exhaust gas flow in the electrostatic
precipitator 4A is opposite to the second direction F2 of
exhaust gas flow in the gap 8 formed by the housing 21
of the electrostatic precipitator 4B and the housing 1b of
the combustion facility 1 a.
[0066] In the apparatus for cleaning of exhaust gas
from wood combustion, the electrostatic precipitator 4B
(or electrostatic precipitators, or filter, or filters, or elec-
trostatic precipitator(s) and filter(s) together) is preferably
catalytically coated. The use of a catalyst allows to oxi-
dize soot particles collected on the lateral surface of the
precipitator housing 21. The use of a catalyst also reduc-
es the gaseous emissions from wood combustion facility.
[0067] To ensure effective reduction of particle emis-
sions with minimum investment and operation costs, the
electrostatic precipitator needs to have a small size, ro-
bust design, ensure stable operation (stable position of
the high voltage rods in the high voltage insulator, low
loading of the high voltage isolator with soot, effective
control of gas temperature and in-time switch-on and
switch-off of the electrostatic precipitator), and ensures
effective particle charging and cleaning of the electro-
static precipitator , low re-entrainment of collected aero-
sol into the clean gas, effective discharge and re-con-
sumption of the collected aerosol.
[0068] Figure 9 shows an apparatus 1 having a filter
device 4A with an electrostatic precipitator 4B according
to the present invention. The apparatus does not com-
prise an automatic solid fuel feed system (like wood-pel-
lets and/or wood chips boilers, or mixed-pellets boilers,
etc.), but is manually feed with combustionable matter or
fuel, for example wood-logs.
[0069] Like the apparatus presented in Fig. 7 the elec-
trostatic precipitator 4B is installed in the output duct 6
with a gap 8 between the electrostatic precipitator hous-
ing 21 and, according to the first direction F1 of the ex-
haust gas flow in the electrostatic precipitator 4B, the
downstream end 6A of the output duct 6 is closed and
the upstream end 6B of the output duct 6 is opened. The
valve 7 is installed in the downstream end 6A of the output
duct 6, and there is a closed space 30 in the downstream
end 6A of the output duct 6 below valve 7, wherein a
container 31 is installed in the closed space 30 for col-
lecting the fine particulate matter. The material collected
in container 31 could be further re-consumed in the com-
bustion facility 1 a when filled in manually.
[0070] The operation of the apparatus 1 is now de-
scribed in view of Figures 3, 4, 7 and 8. The combustion-
able matter, such as biomass, wood, wood-pellets or
wood-chips, is delivered by the solid fuel feed system 3
into the combustion chamber 2 of the combustion facility
1 a. The combustionable matter is burnt and particle load-
ed exhaust gas flows from the combustion chamber 2
through the input gas duct 5 into the electrostatic precip-
itator 4B. When high voltage is applied, the corona dis-
charge is generated on the sharp point of the HV elec-

trode 16. In the charging zone 17, particles are electrically
charged. Then charged particles are transported by the
exhaust gas flow into the collector 23 of the electrostatic
precipitator 4B, where particles are collected on the
grounded surface of the collector 23 and brush 18. The
brush 18 is periodically rotated and the collected fine par-
ticulate matter falls down in the form of large flocks. Dur-
ing rotation of the brush 18, the cleaning elements 26 of
the cleaning device 24 clean the inner surface of the
grounded electrode of the ionizer 22 in the charging zone
17. The aerosol which is collected in the ionizing zone
17 falls down on the brush 18 and is further delivered by
the brush from the collector 23 to the outfall sewer 7a.
[0071] The cleaned exhaust gas exits from the elec-
trostatic precipitator 4B into the gas "dead zone" which
is between the electrostatic precipitator 4B and the valve
7. As the cross-section of the output duct 6 is larger than
the cross-section of the electrostatic precipitator housing
21, the gas flow expands in the "dead zone" and its ve-
locity is reduced. As the gas velocity is reduced, the
coarse particles (flocks) fall down from the electrostatic
precipitator collector 23 onto the valve 7. Part of the
charged particles which passed the electrostatic precip-
itator 4B are collected on the lateral walls of the output
duct 6 in the "dead zone" under the influence of electric
forces, such as space charge electric field and image
forces. These charged fine particles are also collected
by the flocks, which fall down due to electrostatic agglom-
eration. Such precipitation of particles is possible due to
the low gas velocity in the "dead zone". These phenom-
ena increase the efficiency of gas cleaning. The valve 7
is periodically opened and the collected aerosol falls
down into the opening of the solid fuel feed system 3.
The collected matter is soot and is provided to the solid
fuel feed system 3 is mixed with the wood, preferably
wood-pellets, 3a. The mixture of wood and soot is burnt
in the combustion chamber 2. The clean exhaust gas
flows out of the electrostatic precipitator 4A, through the
gap 8 and the output duct 6 into the chimney, and it is
discharged into the atmosphere.
[0072] The electrostatic precipitator 4B may be oper-
ated under hot gas conditions (gas temperature over
300°C, for example wood-logs combustion in the stoves).
In such case, when the exhaust gas flows through the
gap 8, there is a temperature gradient in the gap 8 due
to a temperature difference between the electrostatic pre-
cipitator housing 21 and the output duct 6, wherein the
temperature of the duct wall is lower than the temperature
of the electrostatic precipitator 4B and the direction of
the gradient vector is from the electrostatic precipitator
housing 21 to the output duct 6 wall. Due to the gradient
of the temperature, additionally the thermophoretic sed-
imentation of a part of the fine particles, which are still in
the gas flow downstream the electrostatic precipitator ,
takes place. Fine particles are precipitated on the outside
lateral surface of the electrostatic precipitator housing 21
and on the inner wall of the output duct 6. This increases
the cleaning efficiency of the apparatus. Periodically, the
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collected particulate matter in the form of large flocks falls
down from the gap 8 onto the valve 7 and is further re-
consumed.
[0073] The operation of the electrostatic precipitator
4B may be controlled by a control system (not shown in
the figures). One of the functions of the control unit may
be the switch-off of the supply of the electrostatic precip-
itator 4B with high voltage. This happens when the tem-
perature of the exhaust gas flow reaches the correspond-
ing values and the temperature sensor gives the corre-
sponding signal to the control system. As the temperature
sensor 29 in the proposed electrostatic precipitator 4B is
installed in the particle-free or low particle concentration
zone, the sensor is not loaded with soot, and the elec-
trostatic precipitator 4B is switched on and off without
time delay, thereby ensuring stable operation of the elec-
trostatic precipitator 4B.
[0074] The electrostatic precipitator 4B, the apparatus
1 and the method for exhaust gas cleaning according to
the present invention ensure an effective cleaning of ex-
haust gas from combustion. The electrostatic precipitator
mean mass collection efficiency is 85 % and fractional
collection efficiency is more than 90 %. These excellent
numbers are achieved as the electrostatic precipitator
4B according to the present invention is installed inside
of the output duct, and thus the outside surface of the
electrostatic precipitator housing 21 is used as an addi-
tional collection electrode for fine particles. Furthermore,
employing a catalytic coating extends the possibility for
gas cleaning to the gaseous components and PAH in the
exhaust gas.
[0075] Furthermore, stable operation for different com-
bustion conditions are ensured, as the high voltage iso-
lator 13 is installed in the hot gas flow and does not need
any heating system against condensate of the moisture
on the isolator surface. In addition, the developed surface
of the high voltage isolator 13 increases the way for leak-
age currents and decreases the probability of surface
short-currents, whereas the maintenance of the temper-
ature sensor 29 in the particle free or low concentration
zone improves the electrostatic precipitator control. As
the electrostatic precipitator 4B is installed in the output
gas duct 6, the electrostatic precipitator 4B according to
the present invention does not need any thermo-isolation
of the electrostatic precipitator housing 21. Moreover, the
coating of the output duct with an isolation layer reduces
the energy loss and minimizes the negative influence of
the sound from the electrostatic precipitator 4B.
[0076] The apparatus 1 according to the present in-
vention has an improved design compared to the appa-
ratuses known in the prior art. The electrostatic precipi-
tator according to the present invention has a robust ion-
izer and collector section, and has a reduced size in com-
parison with state-of-the-art electrostatic precipitators. In
addition, the electrostatic precipitator is operated at low
pressure drop, can easily be maintained, automatically
cleaned, replaced and repaired. Furthermore, the design
of the electrostatic precipitator as a tube-form module

advantageously reduces the investment and mainte-
nance costs of the apparatus.
[0077] The electrostatic precipitator according to the
present invention is suitable for different wood and bio-
mass combustion facilities, as it can be easily installed
into the gas duct, which connects the combustion facility
and the chimney. The electrostatic precipitator can fur-
ther be maintained inside of a chimney and can be inte-
grated into the combustion facility.
[0078] The "Clean-Closed-Combustion" method and
apparatus according to the present invention ensures ef-
fective reconsumption of the collected soot. In Germany,
the annual emission of fine particles (mainly soot) from
wood and biomass combustion is about 24 000 tons. Ac-
cordingly, the use of the gas cleaning system according
to the present invention with a collection efficiency of 85%
allows to collect in the electrostatic precipitator about 20
000 tons of soot and the reconsumption (combustion) of
the aerosol would allow to use the soot additionally as
20 000 tons of fuel for heat generation. Thus, the recon-
sumption of soot solves problems with respect to the dis-
posal of collected aerosol and saves about 20 000 tons
of wood which is burnt for heat generation.

Example:

[0079] The electrostatic precipitator according to the
present invention was connected with the outlet of a
wood-logs stove via the input duct and with a chimney
via the output duct. The electrostatic precipitator was op-
erated under hot gas conditions. Every day, the combus-
tion unit was in operation for about five to six hours. Under
hot gas conditions, the mass collection efficiency varied
from 10% up to 35% when the electrostatic precipitator
was switched off. This value increased with increase of
the difference between the temperature of the electro-
static precipitator housing and the temperature of the out-
put duct. By switching on the high voltage unit (operation
voltage and current U= 11 kV and / = 1 mA), the mass
collection efficiency of the electrostatic precipitator in-
creased up to a mean value of 85%. The fractional col-
lection efficiency for particles with a mean size larger
than 0.1 mm was over 90% and for particles larger than
1 mm almost 100%. The pressure drop in the electrostatic
precipitator was below 10 Pa.

List of reference signs

[0080]

1 apparatus for combusting
1 a combustion appliance
2 combustion chamber
3 solid fuel feed device
3a wood pellets
4 electrostatic precipitator
4A filter device 4A
4B electrostatic precipitator
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5 input duct
6 output duct
7 valve
7a outfall sewer
8 gap
9 ionizer
10 collector
11 plenum chamber
12 screen electrode
13 high voltage isolator 13
14 isolator housing 14
15 high voltage rod 15
15a top end of high voltage rod 15
15b bottom end of high voltage rod 15
16 high voltage corona discharge electrode
17 charging zone
18 brush
19 rotating device
20 plate
21 housing
22 ionizer
23 collector
24 cleaning device
25 axis of the brush 18
26 cleaning elements
27 fixing elements
28 supporting rod
29 temperature sensor
30 closed space
31 container
F1 first direction F1 of the gas flow
F2 second direction F2 of gas flow
V valve actuator
M driving device

Claims

1. A filter device (4A) for filtering fine particulate matter
from exhaust gas comprising:

- an exhaust gas inlet (5);
- an exhaust gas outlet (6);
- a precipitator device; and
- an outfall sewer (7a) with a particle discharge
valve (7),

wherein, when the filter device is in use, the exhaust
gas flowing from the exhaust gas inlet (5) to the ex-
haust gas outlet (6) passes the precipitator device
along a first gas flow direction (F1), which is sub-
stantially vertically downwards,
wherein the precipitator device is capable of at least
partially removing fine particulate matter from the ex-
haust gas;
wherein the outfall sewer (7a) is configured to collect
the removed fine particulate matter,
wherein the particle discharge valve (7) is configured

to automatically discharge the collected fine partic-
ulate matter,
characterised in that
the outfall sewer (7a) and/or the particle discharge
valve (7) is spaced apart from the precipitator device
along the first gas flow direction (F1) so that fine par-
ticulate matter is transportable by means of gravity
and/or by means of draging with the exhaust gas
flow along the first gas flow direction (F1) from the
precipitator device to the outfall sewer (7a).

2. The filter device (4A) according to claim 1, wherein
the precipitator device is a electrostatic precipitator
device (4B) comprising:

- an ionizer (22) for ionizing the exhaust gas flow-
ing through the precipitator device in a charging
zone (17);
- a collector (23), for collecting fine particulate
matter from the ionized exhaust gas, wherein
the collector (23) is spaced apart from the ionizer
(22) along the first gas flow direction (F1); and
- a cleaning device (24) for removing fine particle
matter adhering at the inner wall of a housing
(21) of the electrostatic precipitator (4B) in the
charging zone (17).

3. The filter device (4A) according to claim 2, wherein
the ionizer (22) of the precipitator device comprises:

- a screen electrode (12),
- a high voltage isolator (13),
- a high voltage rod (15), having a top end (15a)
which at least partially penetrates the high volt-
age isolator (13) and a bottom end (15b) com-
prising a high voltage corona discharge elec-
trode (16), wherein the high voltage rod (15) is
at least partially axially installed inside of the
screen electrode (12).

4. The filter device (4A) according to claim 2 or 3,
wherein the collector (23) of the precipitator device
has a cylindrical shape and wherein the cleaning de-
vice comprises:

- a brush (18) which is rotatably arranged inside
the cylindrical collector (23),
- an operating device for rotating the brush (18),
and
- a plate for removing fine particulate matter from
the brush (18).

5. The filter device (4A) according to any one of claims
2 to 4, wherein a supporting high voltage rod (28)
electrically connects a high voltage source with the
high voltage rod (15), wherein the supporting high
voltage rod (28) at least partially penetrates the top
end (15a) of the high voltage rod (15), and the axis
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of the supporting high voltage rod (28) and the axis
of the high voltage rod (15) are orthogonal to each
other.

6. The filter device (4A) according to any one of claims
2 to 5, wherein the high voltage isolator (13) com-
prises a temperature sensor (29).

7. The filter device (4A) according to any one of claims
2 to 6, wherein the screen electrode (12) has double-
walls.

8. The filter device (4A) according to claim 7, wherein
the temperature sensor (29) is located in a free space
between the double-walls of the screen electrode
(12).

9. The filter device (4A) according to any one of claims
2 to 8, wherein the electrostatic precipitator is at least
partially catalytically coated.

10. The filter device (4A) according to any one of claims
2 to 9, wherein the electrostatic precipitator (4B) is
installed inside of an output duct (6) with a gap (8)
between a electrostatic precipitator housing (21) and
the output duct (6).

11. The filter device (4A) according to claim 10, wherein,
when the filter device is in use, a second direction
(F2) of the exhaust gas flow in the gap 8 is opposite
to the first direction (F1) of the exhaust gas flow.

12. The filter device (4A) according to claim 10 or 11,
wherein the output duct (6) has a cross-section area
S1 and the electrostatic precipitator housing (21) has
a cross-section area S2, wherein the equation S2 ≤
S1/2 is fulfilled.

13. An apparatus (1) for combusting solid combustion-
able matter comprising:

- a combustion chamber (2);
- a filter device (4A) according to any one of
claims 1 to 12, wherein the exhaust gas inlet (5)
of the filter device (4A) is fluidly connected to
the combustion chamber (2) via an exhaust gas
duct (6); wherein the particle discharge valve (7)
of the filter device (4A) is fluidly connected to
the combustion chamber (2) or

wherein the particle discharge valve (7) of the filter
device (4A) is fluidly connected to a feeding device
(3) for feeding the combustion chamber (2) with the
solid combustionable matter (3a).

14. The apparatus (1) according to claim 13, wherein
connection of the particle discharge valve (7) to the
combustion chamber (2) or to the feeding device (3)

is provided by means of a fine particle discharge
duct, which substantially extends along the vertical
direction.

15. A method for combusting solid combustionable mat-
ter comprising the steps of:

- feeding a solid combustionable matter (3a) by
means of a feeding device into a combustion
chamber (2);
- combusting the solid combustionable matter
(3a) thereby generating exhaust gas;
- leading the exhaust gas to a filter device (4A)
according to any one of the claims 1 to 10;
- removing fine particulate matter from the ex-
haust gas by means of the filter device (4A);
- periodically discharging the removed fine par-
ticulate matter into the feeding device (3);
- mixing the removed fine particulate matter with
the solid combustionable matter (3a);
- feeding the mixture into the combustion cham-
ber (2); and
- combusting the mixture of removed fine par-
ticulate matter and the solid combustionable
matter (3a) in the combustion chamber (2).
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