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Kompostointilaite (1) k3sittaa lieriomaisen sailion (2)
orgaanisen aineksen vastaanottamiseksi ja
prosessoimiseksi, lieriomaiselld sailiolla (2) ollessa
ensimmainen paa (2a) ja toinen paa (2b) ja sen
ollessa pyoritettévissa pitkittdisen akselinsa ympari,
syottdaukon (3) jarjestettyna sailion (2)
ensimmaiseen paahan (2a) prosessoitavan
orgaanisen aineksen sydttdmiseksi sailiéon (2),
poistoaukon (4) jarjestettyna sailion (2) toiseen
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paahan (2b) prosessoitavan orgaanisen aineksen 7
poistamiseksi sailiosta (2), sekoitus- ja 13
siitoelementteja (5a, 5b, 5c, 5d) jarjestettynd séilion 14
(2) sisélle ja ollessa konfiguroitu siitdmaan 15
orgaanista ainesta sailion (2) sisélla kohti sailion (2)

toista paata (2b) ja sekoittamaan orgaanista ainesta

kun sailiéta (2) pydritetdan, ja ilmansyoéttovalineet

(6, 7, 8, 9) ilman sydttdmiseksi prosessoitavaan

orgaaniseen ainekseen sailion (2) ilmausalueella.

8 5¢

The composting apparatus (1) comprises a
cylindrical vessel (2) for receiving and processing
organic matter, the cylindrical vessel (2) having a
first end (2a) and a second end (2b) and being
rotatable about its longitudinal axis, a feeding
opening (3) arranged at the first end (2a) of the
vessel (2) for feeding the organic matter to be
processed into the vessel (2), a discharge opening
(4) arranged at the second end (2b) of the vessel
(2) for discharging the processed organic matter
from the vessel (2), transfer and mixing elements
(5a, 5b, 5c, 5d) arranged inside the vessel (2) and
being configured to move the organic matter inside
the vessel (2) towards the second end (2b) of the
vessel (2) and to mix the organic matter when the
vessel (2) is rotated, and air supply means (6, 7, 8,
9) for supplying air into the organic matter to be
processed at an aeration zone of the vessel (2).
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Composting apparatus and method of processing organic matter

Technical field

The invention relates to a composting apparatus for processing organic matter,
as defined in claim 1. The invention also concerns a method of processing
organic matter in accordance with the other independent claim.

Background

Organic waste, such as waste originating from food processing industry, ani-
mal manure and bedding, other organic matter originating from industry or ag-
riculture, or leftover food collected from households and restaurants, can be
composted in order to degrade the organic matter. Composting is an aerobic
process, where organic material is decomposed into simpler organic and inor-
ganic compounds by microorganisms. Composting takes place naturally even
in uncovered stacks of organic material, but the process can be significantly
faster in a composting apparatus that is provided with a closed vessel, where
the parameters of the composting process can be monitored.

The rate of the composting process significantly depends on the conditions in
the vessel of the composting apparatus. The main factors affecting the rate of
the process are the moisture, particle size, oxygen concentration and temper-
ature. If the parameters are not properly balanced, the metabolic rate of the
microorganisms is slower and it affects the process efficiency. The process is
exothermic as it generates heat together with carbon dioxide as a result of the
reactions.

An example of a composting apparatus for processing organic material is de-
scribed in WO 2017/048124 A1. The composting apparatus comprises a sta-
tionary frame; an elongate rotatable drying drum divided into an infeed part
with an infeed opening, an outfeed part with an outfeed opening, and a pro-
cessing part between the infeed and outfeed parts, each part provided with
displacers for displacing the material at least in rotation direction of the drying
drum; and a stationary aerator for aerating the material in the drying drum.

Another example of a composting apparatus comprising a rotatable drum with
a feeding device at first end, a discharge device at second end, mixing and
transferring elements located in the drum and a perforated pipe extending in
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the drum and rotating with the drum for introducing oxygen into the material is
described in WO 2014/167098 A1.

US 5451523 A discloses a method for composting organic material in a rotary
cylindrical vessel, where organic material is fed into and discharged from the
same end of the vessel. The vessel further comprises mixing and transferring
elements and aeration pipes inside the vessel, where the aeration is achieved
by a variable speed blower controlled based on temperature and gas sensors.

US 4168915 A discloses a rotary cylindrical drum for treating waste material
comprising an inlet and an outlet at opposite ends of the drum for feeding and
discharging material as well as pipe lines embedded into the drum mantle for
supplying air into the material.

US 5776768 A discloses a rotary composter having a rotatably mounted cylin-
drical vessel divided by baffles into a plurality of compartments including a first
infeed compartment, a last discharge compartment, and a plurality of interme-
diate digesting compartments. In the described composter, air is forced
through the vessel from the discharge end to the infeed end.

Summary

An object of the present invention is to provide an improved composting appa-
ratus for processing organic matter. The characterizing features of the com-
posting apparatus according to the invention are given in claim 1. Another ob-
ject of the invention is to provide an improved method of processing organic
matter. The characterizing features of the method according to the invention
are given in the other independent claim.

The composting apparatus according to the invention comprises

- acylindrical vessel for receiving and processing the organic matter, the
cylindrical vessel having a first end and a second end and being rotata-
ble about its longitudinal axis,

- afeeding opening arranged at the first end of the vessel for feeding the
organic matter to be processed into the vessel,

- a discharge opening arranged at the second end of the vessel for dis-
charging the processed organic matter from the vessel,

- transfer and mixing elements arranged inside the vessel and being con-
figured to move the organic matter inside the vessel towards the second
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end of the vessel and to mix the organic matter when the vessel is ro-
tated, and
- air supply means for supplying air into the organic matter to be pro-
cessed at an aeration zone of the vessel.

The method according to the invention for processing organic matter using a
composting apparatus defined above comprises
- afeeding step, in which organic matter is fed into the vessel,
- a composting step, in which the vessel is kept stationary for allowing
composting of the organic matter,
- a moving step, in which the vessel is rotated for moving the organic
matter towards the second end of the vessel, and
- adischarging step, in which the organic matter is discharged from the
vessel.

With the composting apparatus and the method according to the invention,
effective and uniform composting process can be achieved.

According to an embodiment of the invention, the aeration zone extends in the
circumferential direction of the vessel over an angle of at least 120 degrees.
Preferably, the aeration zone extends over at least 180 degrees. This allows
uniform air supply into the organic matter.

According to an embodiment of the invention, the aeration zone extends in the
longitudinal direction of the vessel from the first end of the vessel to a distance
corresponding to 35-65 percent of the total length of the vessel. Approximately
one to two thirds of the vessel is thus reserved for a primary composting phase,
in which the organic matter is effectively aerated. However, the composting
process can still continue in the remaining part of the vessel before the pro-
cessed organic matter is discharged from the vessel.

According to an embodiment of the invention, the air supply means comprise
a plurality of air pipes arranged within the vessel, each air pipe comprising a
plurality of air outlets. By providing the vessel with several air pipes, the air is
evenly distributed into the organic matter.

According to an embodiment of the invention, the air pipes extend in the lon-
gitudinal and/or circumferential direction of the vessel. This allows the air pipes
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to be easily connected to a common air distribution element, through which air
can be supplied into the air pipes.

According to an embodiment of the invention, the air pipes are elevated 10—
100 mm from the inner surface of the vessel. This allows the air to effectively
penetrate into the organic matter.

According to an embodiment of the invention, the air supply means comprise
an air blower. An air blower ensures effective and controllable air supply.

According to an embodiment of the invention, the apparatus comprises means
for controlling discharging of air from the vessel. With the means for controlling
the discharging of air, the humidity and/or the temperature within the vessel
can be regulated.

According to an embodiment of the invention, the means for controlling the
discharging of air comprise an air fan. The air fan ensures effective discharging
of air.

According to an embodiment of the invention, the apparatus comprises feeding
means for feeding the organic matter to be processed into the vessel. Accord-
ing to an embodiment of the invention, the apparatus comprises discharge
means for discharging the processed organic matter from the vessel. The feed-
ing and discharge means allow automated operation of the apparatus. The
means can be conveyors, such as screw cConveyors.

According to an embodiment of the invention, the apparatus comprises tem-
perature measuring means for measuring temperature within the vessel and
humidity measuring means for measuring air humidity within the vessel, and
the apparatus is configured to control air supply via the air supply means
and/or discharging of air from the vessel on the basis of at least one the tem-
perature value and at least one humidity value measured within the vessel.
This allows a target temperature to be reached rapidly and helps keeping the
temperature and humidity at a desired level.

According to an embodiment of the invention, the composting step comprises
at least one sub-step, during which temperature and humidity in the vessel is
monitored, and air supply into the vessel via the air supply means and/or dis-
charging of air from the vessel is controlled based on the monitored
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temperature and the monitored humidity. By controlling the air supply and the
air discharge on the basis of the monitored temperature and humidity, a target
temperature can be reached quickly and the temperature and humidity can be
effectively maintained at a target level.

Brief description of the drawings

Embodiments of the invention are described below in more detail with refer-
ence to the accompanying drawings, in which

Fig. 1 shows a perspective view of a composting apparatus according to an
embodiment of the invention,

Fig. 2 shows a schematic view of a composting apparatus according to an
embodiment of the invention,

Fig. 3 shows a side view of the composting apparatus of figure 1,

Fig. 4 shows a cross-sectional view of the composting apparatus of figure 3
taken along line C-C,

Fig. 5 shows an end view of the composting apparatus of figure 1,

Fig. 6 shows a cross-sectional view of the composting apparatus of figure 5
taken along line A-A,

Fig. 7 shows as a flowchart the method according to the invention,
Fig. 8 shows a view of an air pipe of the composting apparatus of figure 1,
Fig. 9 shows an enlarged view of part of the air pipe of figure 8,

Fig. 10 shows a composting apparatus according to another embodiment of
the invention, and

Fig. 11 shows a partly cut view of the composting apparatus of figure 10.

Detailed description

Figure 1 shows a composting apparatus 1 according to an embodiment of the
invention. Figure 2 shows a schematic view of the composting apparatus of
figure 1. Some details of the composting apparatus of figure 1 can be seen
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only in figures 2-6, 8 and 9. The apparatus shown in figures 1-6, 8 and 9 is
hereinafter also referred to as a first embodiment. Figures 10 and 11 show a
composting apparatus according to another embodiment of the invention. The
apparatus of figures 10 and 11 is hereinafter also referred to as a second em-
bodiment. The embodiment of figures 10 and 11 is similar to the embodiment
of the other figures, and the description below is therefore applicable to both
embodiments, unless otherwise stated. The features of the two embodiments
could also be combined.

In the embodiment of figure 1, the composting apparatus 1 is arranged in a
container 10. In figure 1, the roof and one of the side walls of the container 10
have been removed to show the features of the composting apparatus 1 itself.
The container 10 is a standardized 40-foot intermodal container. In the embod-
iment of the figures, the composting apparatus 1 is configured to be arrange-
able in a 40-foot container. However, it is not necessary to arrange the com-
posting apparatus 1 in a container 10 and the composting apparatus 1 could
also be dimensioned differently according to the needed capacity.

The composting apparatus 1 is configured to process organic matter under
aerobic conditions, i.e. to compost the organic matter. In the composting pro-
cess, organic material is decomposed into simpler organic and inorganic com-
pounds by microorganisms. The organic matter to be processed can be any
material suitable for composting. The organic matter can be, for instance,
waste originating from food processing industry, animal manure and bedding,
other organic matter originating from industry or agriculture, or leftover food
collected from households and restaurants.

The composting apparatus comprises a vessel 2. The vessel 2 is a cylindrical
tank. The vessel 2 could also be referred to as a drum. The vessel 2 can be
made of steel. The vessel 2 can be a welded structure. The vessel 2 has a first
end 2a and a second end 2b. The organic matter to be processed is fed into
the vessel 2 at the first end of the vessel 2 and the processed matter is re-
moved from the vessel 2 at the second end 2b of the vessel 2. The first end
2a could thus be referred to as a front end and the second end 2b could be
referred to as a rear end. The vessel 2 is configured to be rotatable about its
longitudinal axis. In the embodiments of the figures, the longitudinal axis of the
vessel 2 is horizontal. The vessel 2 could also be slightly inclined from the
horizontal plane. The inclination angle of the vessel 2 could be, for instance,
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in the range of 0-15 degrees relative to the horizontal direction. The vessel 2
could be inclined so that the second end 2b of the vessel 2 is at a lower level
than the first end 2a of the vessel 2 to facilitate moving of the organic matter
within the vessel 2 from the first end 2a towards the second end 2b, from which
the processed organic matter is discharged. However, it is advantageous to
arrange the vessel 2 so that its longitudinal axis, which is also the rotation axis
of the vessel 2, is horizontal. This reduces forces exerted on the composting
apparatus 1 when the vessel 2 is rotated.

The composting apparatus 1 comprises bearings 11, 12 for supporting the ves-
sel 2 and for allowing rotation of the vessel 2. In the embodiments of the fig-
ures, the composting apparatus 1 comprises a first bearing arrangement 11
arranged at the first end 2a of the vessel 2 and a second bearing arrangement
12 arranged at the second end 2b of the vessel 2. However, the apparatus 1
could comprise one or more further bearing arrangements. In the embodiment
of figures 10 and 11, the first and the second bearing arrangements 11, 12
support the vessel 2 in the vertical and lateral directions. The composting ap-
paratus 1 of figures 10 and 11 is further provided with a guide arrangement 29
that supports the vessel in the longitudinal direction. The guide arrangement
29 comprises a first flange 29a and a second flange 29b surrounding the outer
perimeter of the vessel 2 and a rotatable roll 29¢ arranged between the first
flange 29a and the second flange 29b. The guide arrangement 29 is configured
to prevent longitudinal displacement of the vessel 2.

The composting apparatus 1 comprises rotating means 23 for rotating the ves-
sel 2. The rotating means 23 can comprise, for instance, an electric, pneumatic
or hydraulic motor, or an actuator producing linear movement and means for
converting the linear movement into rotation of the vessel 2. The actuator pro-
ducing linear movement could be, for instance, a hydraulic or pneumatic cylin-
der or an electric linear actuator. In the embodiment of figures 10 and 11, the
rotating means 23 comprise a motor 23a. The first bearing arrangement 11
comprises two rolls 11a, 11b, which are arranged to support the vessel 2. The
motor 23a is coupled via a gear 23b and belts 23c to the rolls 11a, 11b for
rotating the rolls 11a, 11b. In the embodiment of figures 10 and 11, both rolls
11a, 11b are rotated by the motor 23a, but it could be sufficient to rotate only
one of the rolls 11a, 11b. The motor 23a could also be coupled to a roll that is
separate from the bearing arrangement 11. The belts 23c can be, for instance,
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toothed belts or V-belts. Alternatively, the motor 23a could be coupled to the
rolls 11a, 11b for instance directly by the gear 23b or by means of a chain. If
the motor 23a can be driven with a sufficiently slow speed, it is not necessary
to have a gear between the motor 23a and the rolls 11a, 11b.

A feeding opening 3 is arranged at the first end 2a of the vessel 2. Via the
feeding opening 3, the organic matter to be processed is fed into the vessel 2.
In the embodiment of the figures, the feeding opening 3 is arranged in an end
wall of the vessel 2. This allows feeding of the material into the vessel 2 re-
gardless of the angular position of the vessel 2. In the embodiments of the
figures, the feeding opening 3 is round. The feeding opening 3 is concentric
with the longitudinal center axis of the vessel 2.

A discharge opening 4 is arranged at the second end 2b of the vessel 2. In the
embodiment of the figures, the discharge opening 4 is arranged in an end wall
of the vessel 4. This allows discharging of the material from the vessel 2 re-
gardless of the angular position of the vessel 2. In the embodiment of the fig-
ures, the discharge opening 4 is round. The discharge opening 4 is concentric
with the longitudinal center axis of the vessel 2.

In the first embodiment, the composting apparatus 1 is provided with feeding
means 13 for feeding the organic matter to be processed into the vessel 2. The
feeding means 13 comprise a conveyor. In the first embodiment, the feeding
means comprise a screw conveyor 13. The screw conveyor 13 comprises a
rotatable screw 14 that is configured to move the material fed into the conveyor
forward, a motor 15 for rotating the screw 14, and a hopper 16, through which
the material is fed into the conveyor 13. Instead of a screw conveyor, some
other type of conveyor could be used as a feeding conveyor. In the first em-
bodiment, the organic matter to be processed is fed into the feeding means 13
using a wheel loader 17. However, the apparatus 1 could be configured to
receive the organic matter via another conveyor or directly from a pre-treat-
ment apparatus arranged above the feeding means 13. In figures 10 and 11
feeding means are not shown, but the apparatus 1 of figures 10 and 11 can
comprise similar feeding means as the apparatus of the other figures.

The apparatus 1 according to the first embodiment is further provided with dis-
charge means 18 for discharging the processed organic matter from the vessel
2. The discharge means comprise a conveyor 18. In the first embodiment, the
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discharge means comprise a screw conveyor 18. The screw conveyor 18 com-
prises a rotatable screw 19 that is configured to move the material fed into the
conveyor forward, a motor 20 for rotating the screw 19, and a hopper 21,
through which the material is fed into the conveyor 18. In the apparatus of the
first embodiment, where the discharge opening 4 is arranged in the end wall
of the vessel 2, the hopper 21 of the screw conveyor 18 is arranged within the
vessel 2. Instead of a screw conveyor, some other type of conveyor could be
used as a discharge conveyor. In figures 10 and 11 discharge means are not
shown, but the apparatus of figures 10 and 11 could be provided with similar
discharge means as the apparatus according to the first embodiment.

The composting apparatus 1 comprises transfer and mixing elements 5a, 5b,
5¢, &d that are arranged within the vessel 2. The transfer and mixing elements
5a, 5b, 5c, 5d are configured to move the organic matter inside the vessel 2
towards the second end 2b of the vessel 2 and to mix the organic matter in the
vessel 2 when the vessel 2 is rotated. The transfer and mixing elements 5a,
5b, 5d, 5d are attached to the inner walls of the vessel 2. The transfer and
mixing elements 5a, 5b, 5¢, 5d are guide elements, which are shaped and
positioned so that as the vessel 2 rotates, the resulting movement of the ele-
ments 5a, 5b, 5¢, 5d moves the organic matter towards the second end 2b of
the vessel 2 and/or mixes the organic matter within the vessel 2. The transfer
and mixing elements 5a, 5b, 5¢, 5d can be, for instance, steel plates attached
to the inner wall of the vessel 2. A transfer and mixing element 5a, 5b, 5c, 5d
can be bent and/or it can comprise two or more plates attached to each other.
In the embodiments of the figures, the apparatus comprises different types of
transfer and mixing elements 5a, 5b, 5¢, 5d. Some of the elements are config-
ured to move the organic matter towards the second end 2b of the vessel 2,
some of the elements are configured to mix the organic matter, and some of
the elements are configured to both mix and move the organic matter. In the
embodiments of the figures, the transfer and mixing elements comprise first
elements 5a, which are arranged at the first end of the vessel 2. The first ele-
ments 5a are configured to move the organic matter forward and to simultane-
ously mix the material. Second elements 5b are arranged along the longitudi-
nal direction of the vessel 2 and configured to move the organic matter forward.
Third elements 5c are also arranged along the longitudinal direction of the ves-
sel 2 and configured to mix the organic matter. Fourth elements 5d are ar-
ranged at the second end of the vessel 2 and configured to lift the organic
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matter into the hopper 21 of the discharge conveyor 18. The organic matter is
moved and mixed solely by means of the transfer and mixing elements 5a, 5b,
5¢c, 5d. The apparatus is thus not provided with any conveyor for moving the
organic matter within the vessel 2.

The composting apparatus 1 comprises air supply means for supplying at an
aeration zone air into the organic matter to be processed. The aeration zone
does not cover in the longitudinal direction of the vessel 2 the whole vessel 2
but only part of the vessel 2. The aeration zone is arranged at the first end 2a
of the vessel 2. In the embodiments of the figures, the aeration zone extends
from the first end 2a of the vessel 2 to a distance corresponding to approxi-
mately 45 percent of the total length of the vessel 2. The aeration zone could
be configured to extend from the first end 2a of the vessel 2 to a distance
corresponding to 35-65 percent of the total length of the vessel 2. The term
“aeration zone” refers to that area of the vessel 2, at which air can be supplied
directly into the organic matter. The aeration zone covering part of the length
of the vessel 2 allows composting of the organic matter in two phases. In a first
phase, air can be fed into the organic matter via the air supply means. In a
second phase, which takes place in a different part of the vessel 2, the com-
posting process continues without air feeding.

In the embodiments of the figures, the aeration zone is configured to cover in
the circumferential direction of the vessel 2 approximately half of the vessel 2.
The vessel 2 can be configured to be filled to a level of approximately 65-80
% of the diameter of the vessel 2. There is no need to extend the aeration zone
around the whole circumference of the vessel 2. The aeration zone could ex-
tend, for instance, over at least 120 degrees in the circumferential direction of
the vessel 2, or preferably over at least 180 degrees.

In the embodiments of the figures, the air supply means comprise air pipes 8,
which are arranged within the vessel 2. Each air pipe 8 comprises a plurality
of air outlets 8a. The plurality of air pipes 8 ensure uniform air supply into the
organic matter and prevent formation of anaerobic pockets within the organic
matter. Full biological degradation of the organic matter is thus ensured. The
uniform air supply also helps keeping the metabolic rate of the microorganisms
and consequently the temperature of the organic matter within a desired range.
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In the embodiment best seen in figures 6, 8 and 9, each air pipe 8 is arranged
to follow the inner wall of the vessel 2 in the circumferential direction. Each
pipe 8 extends over approximately half of the circumference of the vessel 2.
The distance between two adjacent air pipes 8 can be, for instance, in the
range of 150-600 mm. The air pipes 8 are elevated from the inner wall of the
vessel 2. The air pipes 8 are thus not attached directly to the inner wall of the
vessel 2, but there is a gap between the pipe 8 and the inner wall of the vessel
2.The elevation can be, for instance, in the range of 20—-100 mm. The air pipes
8 are attached to the inner wall of the vessel 2 by means of fastening elements
28, which are configured to form a gap between the pipe 8 and the inner wall
of the vessel 2.

The air pipes 8 are connected to an air manifold 6. Each air pipe 8 is connected
to the air manifold 6 by means of a pipe or a hose 7. The air manifold 6 is
arranged outside the vessel 2. The air supply means further comprise an air
blower 9, which is connected to the air manifold 6.

Instead of arranging the air pipes 8 parallel to the circumferential direction of
the vessel 2, the air pipes 8 can be parallel to the longitudinal direction of the
vessel 2, as shown in figure 11. In the embodiment of figure 11, the air pipes
8 are connected to circumferential pipes 7. A longitudinal pipe 6 functions as
an air manifold and supplies air to the circumferential pipes 7. The longitudinal
air pipes 8 are connected to the circumferential pipes 7 at both ends, but it
would be sufficient to connect the air pipes 8 to a single circumferential pipe 7.
Also the circumferential pipes 7 can be provided with air outlets, but that is not
necessary. In the embodiment of figure 11, the longitudinal pipe 6 and the cir-
cumferential pipes 7 are arranged within the vessel 2. However, the longitudi-
nal pipe 6 and the circumferential pipes 7 could also be arranged outside the
vessel 2 in a similar way as the air manifold 6 shown in figures 1 and 3.

In the embodiment of figure 11, the diameter of the air pipes 8 is smaller than
the diameter of the circumferential pipes 7. The circumferential pipes 7 are
supported against the inner surface of the vessel 2, and the air pipes 8 are
thus elevated from the inner surface. The air pipes 8 could also be elevated
from the inner surface in a similar way as in figures 8 and 9.
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Instead of the longitudinal or circumferential air pipes 8 shown in the figures,
the air pipes could protrude into the vessel in radial direction. However, such
an air supply system would be much more complicated to manufacture.

The vessel 2 of the composting apparatus 1 has a resting position, which is
shown in the figures. In the resting position, the aeration zone is located in the
lower half of the vessel 2. The aeration zone is thus at its lowermost position.

The composting apparatus 1 is further provided with at least one temperature
sensor. Figure 2 shows a first temperature sensor 25, which is configured to
measure the temperature of the air within the vessel 2. The first temperature
sensor 25 is thus located so that when the vessel 2 is in an angular position
where the air pipes 8 are covered by the organic matter to be processed, the
first temperature sensor 25 is above the organic matter. The first temperature
sensor 25 is thus located outside the aeration zone. Figure 2 shows a second
temperature sensor 26, which is configured to measure the temperature of the
organic matter. The second temperature sensor 26 is located at the aeration
zone. In the resting position of the figures, the second temperature sensor 26
is located in the lower half of the vessel 2. The apparatus 1 can comprise more
than one first and/or second temperature sensors 25, 26. Especially the tem-
perature of the organic matter can be unevenly distributed, and therefore it
may be advantageous to measure the temperature of the organic matter at
different locations. The composting apparatus may comprise, for instance, 2—
6 second temperature sensors 26.

The composting apparatus 1 comprises at least one humidity sensor 24. The
humidity sensor 24 is configured to measure the air humidity within the vessel
2. The humidity sensor 24 is located in a similar way as the first temperature
sensor 25. It is thus arranged outside the aeration zone. It is not necessary to
arrange the humidity sensor inside the vessel 2, but the humidity sensor can
also be arranged in an air discharge duct.

The composting apparatus 1 comprises an air fan 30. The air fan 30 is ar-
ranged to control discharge of air from the vessel 2. The air fan 30 can be
arranged inside or outside the vessel 2. The air fan 30 can be connected to a
separate air outlet. Alternatively, air can be discharged from the vessel via the
discharge opening 4 and/or the feeding opening 3. Instead of the air fan 30,
discharge of air could be controlled, for instance, by an adjustable flap or other
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means arranged in an air outlet. However, the air fan 30 ensures effective air
discharge.

The composting apparatus 1 comprises means for determining whether the
vessel 2 is in the resting position. The means can be, for instance, a switch
that is switched from one state to another when the vessel 2 arrives to the
resting position. The means could also be a proximity sensor 27. Alternatively,
the means could be an angle sensor, which can determine the angular position
of the vessel 2.

The composting apparatus 1 can be further provided with many other different
sensors and/or switches. The other sensors and switches can comprise, for
instance, means for ensuring safety of the composting apparatus. The appa-
ratus 1 could comprise, for instance, sensors for detecting an open inspection
hatch or the presence of a person in a danger zone.

The composting apparatus 2 comprises a control unit 22. The control unit 22
is configured to control the operation of different devices of the composting
apparatus 1. The control unit 22 controls the operation of the feeding means
13, discharge means 18, air blower 9, rotating means 23 and air fan 30 or other
means controlling the discharge of air from the vessel 2. The control unit 22 is
also configured to receive data from different sensors and switches of the com-
posting apparatus 1. The control unit 22 can thus receive data from the first
and second temperature sensors 25, 26, humidity sensor 24 and proximity
sensor 27. The control unit 22 can be configured to control the operation of the
different devices based on the data received from the different sensors and
switches. The operation of the feeding means 13, discharge means 18, rotat-
ing means 13, air blower 9 and air fan 30 can thus be controlled based on the
temperature of the organic matter, air temperature within the vessel 2, air hu-
midity within the vessel 2 or angular position of the vessel 2. The operation of
the devices could also be controlled based on a combination of different data
received from the sensors and/or switches.

The control unit 22 can be connected to the devices and sensors of the com-
posting apparatus 1 either wirelessly or with wired connections. The control
unit 22 can be a programmable controller. The control unit 22 could also be a
special-purpose computer or a general-purpose computer, such as a PC. The
control unit 22 could comprise sub-control units for controlling specific
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functions of the composting apparatus 1. The same control unit 22 could be
used for controlling several composting apparatuses 1. The control unit 22
could also be located remotely.

In a first step 101 of the method according to the invention, i.e. in a feeding
step, organic matter is fed into the vessel 2. In a second step 102 of the
method, i.e. in a composting step, the vessel 2 is kept stationary for allowing
composting of the organic matter. In a third step 103 of the method, i.e. in a
moving step, the vessel 2 is rotated for moving the organic matter towards the
second end of the vessel 2. In a fourth step 104 of the method, i.e. in a dis-
charging step, the organic matter is discharged from the vessel 2.

The second step 102 of the method forms a composting sequence. The other
three steps 101, 103, 104 form a feeding and discharging sequence, where
the three steps can take place simultaneously. While new organic matter is fed
into the vessel 2 via the first end 2a of the vessel 2, composted organic matter
is discharged from the vessel 2 via the second end 2b of the vessel 2, and
organic matter within the vessel 2 is moved towards the second end 2b of the
vessel 2.

The organic matter to be fed into the composting apparatus 1 may be pre-
treated. The possible pre-treatment step takes place outside the vessel 2. A
pre-treatment step can comprise one or more of the following actions: remov-
ing of possible redundant material like metal or plastic, shredding of the organic
matter, adding of support material to adjust the moisture, density, and/or the
carbon-to-nitrogen ratio of the material to be fed into the composting appa-
ratus, and mixing of the organic matter and the support material. The mixture
fed into the vessel 2 of the composting apparatus 1 should typically have a
moisture between 60 % and 70 %, a density between 600 kg/m?® and 700 kg/m?®
and a C:N ratio between 20 and 30.

In the feeding step 101, the organic matter to be processed is fed into the
vessel 2 via the feeding opening 3. The feeding conveyor 13 is operated and
the material fed into the hopper 16 of the feeding conveyor 13 is moved by
means of the rotating screw 14 into the vessel 2. The rotating screw 14 further
mixes the material.
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Simultaneously with the operating of the feeding conveyor 13, the discharge
conveyor 18 is operated. The discharging step 104 thus takes place simulta-
neously with the feeding step 101. In the discharging step, material is dis-
charged from the second end 2b of the vessel 2 via the discharge opening 4.

Simultaneously with the operating of the feeding conveyor 13 and the dis-
charge conveyor 18, the vessel 2 is rotated by means of the rotating means
23. As the vessel 2 is rotated, the mixing and transfer elements 5a, 5b, 5¢, 5d
move the organic matter within the vessel 2 towards the second end 2b of the
vessel 2. The moving step 103 thus takes place simultaneously with the feed-
ing step 101 and the discharging step 104.

When the feeding and discharging sequence, which comprises the feeding
step 101, the moving step 103 and the discharging step 104, ends, the com-
posting sequence starts. During the composting sequence, the vessel 2 is kept
stationary in the resting position. The proximity sensor 27 or other means indi-
cate whether the vessel 2 is in the resting position. If the vessel 2 is not in the
resting position, the rotating means 23 are operated to rotate the vessel 2 to
the resting position.

According to an embodiment of the invention, the composting step 102 com-
prises at least two sub-steps. According to an embodiment of the invention, a
balancing phase forms a first sub-step. During the balancing phase, the air
blower 9 is not operated. The balancing phase continues for a predetermined
period of time, for instance for one hour. Alternatively, the balancing phase can
continue until a predetermined temperature of the organic matter is reached.
The purpose of the balancing phase is to allow the temperature of the organic
matter to level out and rise after the feeding step 101. During the balancing
phase, the at least one first temperature sensor 25 can monitor the air temper-
ature within the vessel 2 and the at least one second temperature sensor 26
can monitor the temperature of the organic matter at the aeration zone. In ad-
dition, the humidity sensor 24 can monitor the air humidity within the vessel 2.
The air fan 30 is operated for discharging air from the vessel 2.

According to an embodiment of the invention, during the balancing phase both
the temperature of the organic matter and the air humidity within the vessel 2
are monitored, and the discharging of air from the vessel 2 is controlled based
on the monitored temperature and air humidity. The controlling of the air
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discharge can be based on one or more set points for the temperature and the
humidity. The speed of the air fan 30 can thus be set based on whether the
temperature of the organic matter is below or above a temperature set point
and whether the humidity is below or above a humidity set point. Each combi-
nation of the measured temperature and humidity values can thus have a cor-
responding predetermined air fan speed.

Instead of having a group of predetermined air fan speeds for different tem-
perature and humidity levels, the operation of the air fan 30 could be controlled
for keeping the humidity close to a humidity target value. The composting ap-
paratus 1 can comprise a PID controller for controlling the operation of the air
fan 30. The PID controller can be part of the control unit 22. The PID controller
can receive from the humidity sensor 24 a humidity measurement signal, and
based on the humidity measurement signal, generate a fan control signal,
which is transmitted to the air fan 30 for adjusting the speed of the air fan 30.
Alternatively, the operation of the air fan 30 could be controlled by setting a
lower limit and an upper limit for the air humidity. The control unit 22 could
receive from the humidity sensor 24 a humidity measurement signal, and gen-
erate a signal for switching on the air fan 30 when the measured humidity value
is above the upper limit, and generate a signal for switching off the air fan 30
when the humidity value is below the lower limit.

During the balancing phase, the temperature of the organic matter should nor-
mally steadily rise. The balancing phase is followed by an air supply phase,
which forms a second sub-step of the composting step 102. During the air
supply phase, air is supplied into the organic matter via the air supply means
6, 7, 8, 9. The air blower 9 is operated for supplying air into the organic matter.
Also the air fan 30 is operated for discharging air from the vessel 2. The air
supply rate is adjusted on the basis of the temperature of the organic matter at
the aeration zone and on the basis of the air humidity within the vessel 2. Also
the air discharge rate is adjusted based on the measured temperature of the
organic matter at the aeration zone and on the basis of the air humidity within
the vessel 2. The aim is to reach a temperature target value in the shortest
time possible. The temperature target value can be, for instance, 70 °C.

If the temperature of the organic matter is a lot lower than the temperature
target value, the air supply rate is kept low. A low temperature is an indication
that the metabolic activity of the bacteria in the vessel 2 must be supported,
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and the limiting factor for the process speed is the concentration of oxygen,
which is needed for the aerobic process. A low but constant air supply rate
ensures proper distribution of the oxygen in the organic matter and promotes
biological degradation at a high rate.

If the temperature of the organic matter is close to temperature target value,
the air supply rate is kept high. High temperature of the organic matter indi-
cates that the aerobic process is reaching its maximum rate and the high tem-
perature coupled with excessive moisture content becomes a limiting factor.
The air supplied at a high rate removes the excessive heat and moisture from
the organic matter and helps maintaining the high rate of the aerobic process.

For adjusting the air supply rate and the air discharge rate, the temperature of
the organic matter is monitored by means of the at least one second tempera-
ture sensor 26. A temperature measurement signal from the temperature sen-
sor 26 is transmitted to the control unit 22. In case of several second temper-
ature sensors 26, the control unit 22 can be configured to calculate an average
temperature. Also the air humidity is monitored by means of the humidity sen-
sor 24. A humidity measurement signal from the humidity sensor 24 is trans-
mitted to the control unit 22.

Based on the temperature measurement signal or a calculated average tem-
perature and the humidity measurement signal, the control unit 22 generates
an air blower control signal and an air fan control signal. The air blower control
signal is transmitted to the air blower 9 for controlling the air supply rate and
the air fan control signal is transmitted to the air fan 30 for controlling the air
discharge rate. The air blower control signal and the air fan control signal can
be based on predetermined set points. One or more set points can be deter-
mined both for the temperature and the humidity. Certain air blower speeds
and air fan speeds can be selected depending on whether the measured hu-
midity and temperature values are below or above the set points.

Alternatively, the air supply rate and the air discharge rate could be controlled
steplessly. The control unit 22 could thus be configured to adjust the air supply
rate and the air discharge rate steplessly based on the difference between the
temperature target value and the measured temperature and on the difference
between the humidity target value and the measured humidity.
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When the target temperature is reached, the air supply phase is followed by a
constant temperature phase, which forms a third sub-step of the composting
step 102. In the constant temperature phase, after reaching the temperature
target value, the aim is to keep the temperature within a temperature target
range for a predetermined period of time. The temperature target range can
be, for instance, 68—75 °C. The predetermined period of time can be, for in-
stance, one hour. By keeping the temperature at approximately 70 °C for an
hour, hygienization of the organic matter and removal of pathogens is ensured.

Short deviations from the target temperature range may be allowed. For in-
stance, the temperature may be allowed to be outside the target temperature
range for at most 5 minutes. If the temperature stays within the target temper-
ature range for the predetermined period for time, or if the deviations from the
target temperature range do not exceed the allowed maximum deviations, hy-
gienization of the organic matter is deemed completed.

In the constant temperature phase, the air blower 9 may be switched off when
the temperature is within the target temperature phase. The air fan 30 may be
operated with a predetermined speed. If the temperature falls below the target
temperature range or rises above the range, the air supply rate and the air
discharge rate can be controlled based on the measured temperature of the
organic matter and the measured air humidity to reach the target temperature
range. If the temperature has been outside the target range longer than the
allowed maximum time, the counting of the predetermined period is started
from zero.

After completion of hygienization, the process may continue with the discharg-
ing step and feeding steps. Alternatively, if there is no need to feed new mate-
rial into the vessel, monitoring of the temperature of the organic matter and the
air humidity is continued. The operation of the air blower 9 and the air fan 30
is controlled based on the measured temperature and humidity.

It will be appreciated by a person skilled in the art that the invention is not
limited to the embodiments described above, but may vary within the scope of
the appended claims.
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Claims:

1. A composting apparatus (1) for processing organic matter, the apparatus
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comprising

a cylindrical vessel (2) for receiving and processing the organic matter,

the cylindrical vessel (2) having a first end (2a) and a second end (2b)

and being rotatable about its longitudinal axis,

- afeeding opening (3) arranged at the first end (2a) of the vessel (2) for
feeding the organic matter to be processed into the vessel (2),

- a discharge opening (4) arranged at the second end (2b) of the vessel
(2) for discharging the processed organic matter from the vessel (2),

- mixing and transfer elements (5a, 5b, 5¢, 5d) arranged inside the vessel
(2) and being configured to move the organic matter inside the vessel
(2) towards the second end (2b) of the vessel (2) and to mix the organic
matter when the vessel (2) is rotated, and

- air supply means (6, 7, 8, 9) for supplying air into the organic matter to
be processed at an aeration zone of the vessel (2),

characterised in that the aeration zone extends in the circumferential di-

rection of the vessel (2) over an angle of at least 120 degrees and in the

longitudinal direction of the vessel (2) from the first end (2a) of the vessel

(2) to a distance corresponding to 35-65 percent of the total length of the

vessel (2).

A composting apparatus (1) according to claim 1, wherein the aeration
zone extends in the circumferential direction of the vessel (2) over an angle
of at least 180 degrees.

A composting apparatus (1) according to any of the preceding claims,
wherein the air supply means comprise a plurality of air pipes (8) arranged
within the vessel (2), each air pipe (8) comprising a plurality of air outlets
(8a).

A composting apparatus (1) according to claim 3, wherein the air pipes (8)
extend in the longitudinal and/or circumferential direction of the vessel (2).

A composting apparatus (1) according to claim 3 or 4, wherein the air pipes
(8) are elevated 10-100 mm from the inner surface of the vessel (2).
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A composting apparatus (1) according to any of the preceding claims,
wherein the air supply means comprise an air blower (9).

A composting apparatus (1) according to any of the preceding claims,
wherein the apparatus (1) comprises means (30) for controlling discharg-
ing of air from the vessel (2).

A composting apparatus (1) according to claim 7, wherein the means for
controlling discharging of air from the vessel (2) comprise an air fan (30).

A composting apparatus (1) according to any of the preceding claims,
wherein the apparatus (1) comprises feeding means (13) for feeding the
organic matter to be processed into the vessel (2).

A composting apparatus (1) according to any of the preceding claims,
wherein the apparatus (1) comprises discharge means (18) for discharging
the processed organic matter from the vessel (2).

A composting apparatus (1) according to any of the preceding claims,
wherein the apparatus (1) comprises temperature measuring means (25,
26) for measuring temperature within the vessel (2) and humidity measur-
ing means (24) for measuring air humidity within the vessel (2), and the
apparatus (1) is configured to control air supply via the air supply means
(6, 7, 8, 9) and/or discharging of air from the vessel (2) on the basis of at
least one the temperature value and at least one humidity value measured
within the vessel (2).

A method of processing organic matter using a composting apparatus (1)

according to any of the preceding claims, the method comprising

- afeeding step (101), in which organic matter is fed into the vessel (2),

- a composting step (102), in which the vessel (2) is kept stationary for
allowing composting of the organic matter,

- a moving step (103), in which the vessel (2) is rotated for moving the
organic matter towards the second end of the vessel (2), and

- adischarging step (104), in which the organic matter is discharged from
the vessel (2).
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13. A method according to claim 12, wherein the composting step (102) com-
prises at least one sub-step, during which
- temperature and humidity in the vessel (2) are monitored, and
- air supply into the vessel (2) via the air supply means (6, 7, 8, 9) and/or
discharging of air from the vessel (2) is controlled based on the moni-
tored temperature and the monitored humidity.
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Patenttivaatimukset:

1. Kompostointilaite (1) orgaanisen aineksen prosessoimiseksi, laitteen ka-
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sittdessa

lieriGmaisen sailién (2) orgaanisen aineksen vastaanottamiseksi ja pro-

sessoimiseksi, lieriomaisella sailiélla (2) ollessa ensimmainen paa (2a)

ja toinen paa (2b) ja sen ollessa pydritettavissa pitkittaisen akselinsa
ympari,

- syéttéaukon (3) jarjestettyna sailion (2) ensimmaiseen paahan (2a) pro-
sessoitavan orgaanisen aineksen syoéttdmiseksi sailiéon (2),

- poistoaukon (4) jarjestettyna sailién (2) toiseen paahan (2b) prosessoi-
tavan orgaanisen aineksen poistamiseksi séilidsta (2),

- sekoitus- ja siirtoelementteja (5a, 5b, 5¢, 5d) jarjestettyna sailién (2) si-
sélle ja ollessa konfiguroituja siirtdmaan orgaanista ainesta sailién (2)
sisalla kohti sailién (2) toista paata (2b) ja sekoittamaan orgaanista ai-
nesta kun sailiéta (2) pyoritetédan, ja

- ilmansyéttévalineet (6, 7, 8, 9) ilman syéttdmiseksi prosessoitavaan or-
gaaniseen ainekseen sdilién (2) iimausalueella,

tunnettu siitéa, ettd ilmausalue ulottuu séilién kehé&n suunnassa ainakin 120

astetta olevan kulman yli ja sailién (2) pituussuunnassa sailién (2) ensim-

maisestd paasta (2a) etaisyydelle, joka vastaa 35-65 prosenttia sailion (2)

koko pituudesta.

Patenttivaatimuksen 1 mukainen kompostointilaite (1), jolloin ilmausalue
ulottuu séilién (2) kehan suunnassa ainakin 180 astetta olevan kulman vyili.

Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin iimansyéttovalineet kasittavat joukon ilmaputkia (8) jarjestettyna saili-
66n (8), kunkin ilmaputken (8) kasittédessa joukon ilman ulostuloja (8a).

Patenttivaatimuksen 3 mukainen kompostointilaite (1), jolloin ilmaputket
(8) ulottuvat sailién (2) pitkittdissuunnassa ja/tai kehan suunnassa.

Patenttivaatimuksen 3 tai 4 mukainen kompostointilaite (1), jolloin iimaput-
ket (8) ovat 10-100 mm kohotettuja sé&ilién (2) sisépinnasta.

Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin ilmansyéttévalineet kasittavat ilmapuhaltimen (9).
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Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin laite (1) kasittéda valineet (30) ilman sailiésta (2) poistamisen kontrol-
loimiseksi.

Patenttivaatimuksen 7 mukainen kompostointilaite (1), jolloin vélineet il-
man sailiésta (2) poistamisen kontrolloimiseksi kasittavat ilmatuulettimen
(30).

Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin laite (1) kasittaa sydéttévalineet (13) prosessoitavan orgaanisen ainek-
sen syo6ttamiseksi sailidéon (2).

Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin laite (1) kasittaa poistovalineet (18) prosessoitavan orgaanisen ainek-
sen poistamiseksi sailidsta (2).

Jonkin edeltavan patenttivaatimuksen mukainen kompostointilaite (1), jol-
loin laite (1) kasittaa lampaotilanmittausvalineet (25, 26) lampdotilan mittaa-
miseksi sailiéssa (2) ja kosteudenmittausvalineet (24) iimankosteuden mit-
taamiseksi sailidssa (2), ja laite (1) on konfiguroitu kontrolloimaan ilman-
syo6ttéad ilmansyottévélineiden (6, 7, 8, 9) kautta ja/tai ilman poistamista séai-
liésta (2) ainakin yhden sailiéssa (2) mitatun lampétila-arvon ja ainakin yh-
den séailidssa (2) mitatun kosteusarvon perusteella.

Menetelma orgaanisen aineksen prosessoimiseksi kayttden jonkin edelta-

van patenttivaatimuksen mukaista kompostointilaitetta (1), menetelman

ké&sittaessa

- gyéttévaiheen (101), jossa orgaanista ainesta syotetaan sailiéén (2),

- kompostointivaiheen (102), jossa saili6 (2) pidetaan liikkumattomana or-
gaanisen aineksen kompostoitumisen sallimiseksi,

- likuttamisvaiheen (103), jossa séailidta (2) pyoritetdan orgaanisen ainek-
sen liikuttamiseksi sailién (2) toista paata kohti, ja

- poistovaiheen (104), jossa orgaanista ainesta poistetaan sailidsta (2).

Patenttivaatimuksen 12 mukainen menetelméa, jossa kompostointivaihe
(102) kasittaa ainakin yhden alivaiheen, jonka aikana
- lampétilaa ja kosteutta sailiéssa (2) monitoroidaan, ja
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iimansy6ttéa sailiéon (2) ilmansydéttovalineiden (6, 7, 8, 9) kautta ja/tai
iimanpoistoa sailiésta (2) kontrolloidaan perustuen monitoroituun [&m-
pétilaan ja monitoroituun kosteuteen.
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