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FIG. 1

(57) Abstract: There is disclosed a method of processing bagged refuse comprising: pneumatically conveying filled refuse bags
along a conduit using an airflow; and opening the bags during pneumatic conveyance along the conduit. There is also disclosed
apparatus for carrying out this method, the apparatus comprising: a conduit configured to pass an airflow to pneumatically convey
bagged refuse along the conduit; and bag opening means arranged to open the refuse bags during pneumatic conveyance along the
conduit. There is also disclosed a method of sorting bagged refuse comprising: pneumatically conveying refuse in a conduit using
an airflow; and further comprising sorting the opened bagged refuse into fractions using the airflow by passing the refuse across
an opening through which the airflow continues. There is also disclosed apparatus for carrying out this sorting method, the appa-
ratus comprising: a conduit configured to pass an airflow to pneumatically convey refuse along the conduit; and a wall arranged in
the path of travel of the pneumatically conveyed refuse to disaggregate the refuse in use by impacting the refuse against the wall,
the wall being arranged vertically and at least partly detining an opening through which the airstream continues in use such that a
fraction of the refuse falling across the opening is conveyed through the opening. The apparatus and method of sorting bagged
refuse are preferably provided as part of the apparatus and method of processing bagged retfuse, to sort the opened bagged refuse.
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APPARATUS AND METHOD FOR PROCESSING BAGGED REFUSE

The present invention relates to apparatus and methods for processing
refuse, including bagged refuse, by which bagged refuse can be opened and refuse
can be sorted into fractions for further processing (such as incineration or
recycling).

Refuse, such as waste collected from domestic and commercial premises,
for example, by a refuse truck, is typically provided aggregated together in tied or
sealed bags made of thin plastic. Each bag may contain different types of waste,
such as paper items, plastic items, and metal items, mixed in together.

Certain types of waste may have residual commercial value through
recycling or burning for energy creation. In addition, environment pressures provide
a desire to reduce the amount of waste that is sent to landfill or incinerated
unnecessarily. Therefore, collected refuse is often processed to sort the different
types of waste for appropriate further processing.

While in many cases certain steps of the refuse processing (for example,
the sorting of loose refuse) are performed manually, it is often advantageous for
certain steps to be performed automatically to scale the waste processing and
increase efficiency without increasing labour costs.

Various systems of apparatus are known for performing, at least in part
automatically, the refuse processing described above. For example, United States
patent no. 3,848,813 discloses a system of apparatus for refuse processing that is
fairly typical of the that known in the art.

In US 3,848,813, collected refuse, including bagged refuse, is passed
through a shredder, which, in this case, is a double opposed flail mill. Rotating
drum shredders are also used in the art. The shredder tears open bagged refuse
and reduces the refuse to a fairly coarse shredded refuse product.

This shredded refuse is then conveyed, using rotating conveyor belts,
through various separation and sorting steps. Various types of refuse separator are
known in the art, which may separate refuse on the basis of one or more of their
weight, size, ferromagnetic qualities. US 3,848,813 discloses various types of
known separator, some of which use air flows.

In one type of separator known from US 3,848,813, a vertical air stream is
used to suck up relatively light shredded refuse into a hood as it travels along a

conveyor. A cyclone connected to the hood via a conduit then separates the refuse
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from the air stream, which is then exhausted. A blower, such as a centrifugal fan, is
connected to the cyclone to provide the air flow. In another known type described
in US 3,848,813, shredded refuse is dropped through a horizontally travelling air
stream and is thereby sorted into various fractions.

However, the shredding of refuse in this way can greatly increase the
difficulty of the sorting and recycling of the refuse.

As a result, apparatus for breaking open refuse bags without shredding their
contents is also known in the art to be used in place of shredders. Rotating drum-
based bag openers are known, and bag openers based on a series of blades
opposing a conveyor carrying unopened refuse bags are also known, for example
from Japanese patent application nos. JP-A-11347530 and JP-A-08215638, and
from United States patent no. US 4,479,581. Another design, based on a rotating
inclined drum for conveying bagged refuse and having blades and pins arranged on
its inner surface to open the bags and a series of meshed screens to grade and sort
the refuse, is known from United States patent no. US-B-6,955,265.

However, these bag opening apparatuses are unreliable. For example, the
drum and opposed blade bag breakers known in the art attempt to open multiple
bags at the same time and often fail to open all the bags. Also, these bag breakers
can have a limiting effect on the throughput of the refuse sorting process due to the
speed of the mechanical conveyance of the refuse to, from and through the bag
breaker, and the speed of operation of the bag breakers themselves. In addition,
these known bag breakers have a high running cost and are subject to repeated
mechanical failure.

It is therefore an object of the present invention to provide an apparatus and
method for processing refuse, including bagged refuse, which is reliable and can
achieve a high throughput.

Pneumatic conveyance of refuse, including bagged refuse, is known in the
art only for providing point-to-point transfer of the refuse, for example, for a refuse
drop-off point in a building to a refuse container for temporarily storing the refuse.

Viewed from a first aspect, the present invention provides a method of
processing bagged refuse comprising: pneumatically conveying filled refuse bags
along a conduit using an airflow; and opening the bags during pneumatic
conveyance along the conduit.

In accordance with this aspect of the invention, refuse bags are

pneumatically conveyed along a conduit and can be quickly and reliably opened to
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liberate their contents for sorting without the need to shred the bags and their
contents. During pneumatic conveyance, the refuse bags are generally driven one
after the other along the conduit and so the bag opening operation is reliably
performed by each bag being attacked and opened individually. Thus all of the
refuse can be liberated from the bags to be available for sorting. By using an
airflow to drive the refuse bags through a bag opening process, a static bag
opening means can be used meaning that relatively few mechanical moving parts
are needed and no mechanically driven parts of the bag opening means are
needed. Therefore, power consumption in the bag opening method can be low and
reliability of the apparatus can be high. In addition, as can be seen below, the
same airflow that drives the refuse bags through the bag opening process can also
be used in later stages of the refuse processing. Thus a single source of energy
(e.g. a single suction source) can be provided to drive multiple stages of refuse
processing. In addition, the use of pneumatic conveyance to drive a bag opening
process in this way allows a high throughput of opened bags to be achieved. For
example, the bags typically may be driven through the bag opening process by an
airflow travelling above 40 ms™, and a high throughput from the refuse processing
is achievable. Further, the use of pneumatic conveyance through this and other
stages of the refuse processing allows for easy construction and installation of the
refuse processing system. For example, the conduits for pneumatic conveyance
can be designed and installed to go around existing apparatus in a facility, whereas
conveyor-based refuse processing systems require large amounts of space and are
unwieldy.

The bag opening step may be performed by at least one projecting member
arranged to project into the path of travel of the bagged refuse during pneumatic
conveyance. Preferably, the or each projecting member projects inwardly from the
wall of the conduit into the path of travel of the refuse. Projecting members may be
arranged around the inside of the conduit to surround the path of travel of the
refuse. Projecting members may be provided in sets adjacent to each other, or
longitudinally spaced from each other along the length of the pneumatic
conveyance conduit. Preferably, the projecting members are provided with
retraction means configured to retract the projecting members when the pressure
differential across them is above a certain level or when the force exerted on the
projecting members by the refuse is above a certain level. Preferably, scraping

means are provided configured to achieve the scraping of debris off the projecting
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members. Preferably the scraping means is provided as scraping seals around the
projecting members which remove debris when the projecting members are
retracted. The at least one projecting member is preferably provided as one or
more knives and/or one or more pins. If both knives and pins are provided, the
knives are preferably arranged in the path of travel before the pins, but they may be
provided alongside the pins or after the pins. These preferred arrangements can
achieve reliable and effective opening of refuse bags.

The refuse processing method may further comprise disaggregating the

opened bagged refuse before sorting the refuse by impacting the refuse against a

wall arranged in the path of travel of the refuse using the airflow. In this optional
method, after the refuse bags are opened, the opened bagged refuse may stili be
loosely aggregated together, which may limit the ease with which the refuse can be
sorted. By impacting the refuse against a wall arranged in the path of travel of the
refuse using the airflow, the bagged refuse can be effectively disaggregated and
thereafter reliably sorted. In addition, the same airflow that drove the bagged
refuse through the bag opening process, for example at typical speeds of 50 ms™,
can be easily used to impact the refuse against a wall in the path of travel of the
refuse, thereby effectively disaggregating it.

The refuse processing method may further comprise sorting the opened
bagged refuse into fractions using the airflow. By using the same airflow to
pneumatically drive refuse through a bag opening step and a refuse sorting step, an
effective and reliable sorting of refuse can be achieve having a high throughput (up
to at least 20 tonnes/hour may be achievable) and only a single source of energy
may be needed to drive the bag opening and a refuse sorting step, which increases
the reliability of the system and gives a low power consumption. In addition, this
preferred arrangement provides a simple and elegant refuse processing method in
which unsorted, bagged refuse is input into a pneumatic system which outputs the
refuse in loose, sorted form.

The sorting of the opened bagged refuse may be performed by passing the
refuse across an opening through which the airflow continues. The impacting and
sorting of the opened bagged refuse may be performed by driving the refuse
against the wall and allowing the refuse to fall across an opening at least partly
defined by the wall, wherein a fraction of the refuse is conveyed through the
opening by the continuing airflow, and the remaining refuse falls out of the airflow.

This arrangement provides a simple but effective method of reliably sorting refuse
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into different fractions by means of an airflow which can be used to convey the
refuse through the sorting process. The characteristics of the fractions of refuse
separated in this way depend on a variety of factors including those of the airflow
passing through the opening. For example, the refuse may be separated into a first
fraction comprising generally planar items and a second fraction comprising
generally non-planar items. Examples of planar items include plastic film and
paper-based items, including loose paper, newspapers, magazines, etc. For
example, the size of the opening may affect the separation of fractions of the
refuse. The size of the opening may be changeable to adjust the sorting process
and the characteristics of the separated fractions. The refuse that drops out of the
airflow may be removed from the sorting process using one or more rotary valves.
Multiple sorting steps may be used to separate the refuse into more than two
fractions. The sorting steps may be performed sequentially using the same airflow,
or in parallel, using the different airflows. The different airflows may be provided by
the same or different sources of airflow (e.g. centrifugal fans). Any material left in
the airflow at the end of the sorting steps may be removed from the airflow using a
cyclone.

In addition, in this preferred arrangement, a single airflow is used to convey
the refuse to be sorted and to separate out a relatively light fraction of the refuse
which continues along with the air flow.

Viewed from a second aspect, the present invention provides apparatus for
processing bagged refuse, comprising: a conduit configured to pass an airflow to
pneumatically convey bagged refuse along the conduit; and bag opening means
arranged to open the refuse bags during pneumatic conveyance along the conduit.
The apparatus preferably further comprises a blower arranged to, in use, create an
airflow in the conduit to pneumatically convey bagged refuse along the conduit.
The bag opening means may comprise at least one projecting member, for
example, one or more knives and/or one or more pins, which projects into the path
of travel of the bagged refuse during pneumatic conveyance. The apparatus may
further comprise a wall arranged in the path of travel of the pneumatically conveyed
bagged refuse downstream of the bag opening means to disaggregate the opened
refuse bags in use by the bagged refuse impacting against the wall, the wall being
arranged vertically and at least partly defining an opening through which the airflow
continues in use such that a fraction of the refuse falling across the opening is

conveyed through the opening and the remaining refuse falls out of the airflow.
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The above-mentioned advantages of the method of the first aspect of the
invention result equally from the apparatus of the second aspect of the invention.

Viewed from a third aspect, the present invention provides a method of
sorting refuse comprising: pneumatically conveying refuse in a conduit using an
airflow; and sorting the refuse into fractions using the airflow by passing the refuse
across an opening through which the airflow continues along with a fraction of the
refuse.

in accordance with this aspect, there is provided a simple but effective
method of reliably sorting refuse into fractions by means of an airflow which can be
used to convey the refuse through the sorting process. In addition, a single airflow
is used to convey the refuse to be sorted and to separate out a fraction of the
refuse which continues along with the air flow. Further, the pneumatic conveyance
of the refuse provides an elegant sorting system in which collected refuse can be
provided as an input to a pneumatic conveyance system at one end and sorted
refuse can be output at the other end. In addition, the same energy source can be
used to drive the conveyance and sorting of the refuse, providing a system with a
low number of moving mechanical parts, and enabling low operating costs and
providing a system that is simple and easy to maintain. For example, where a
centrifugal fan is used as the source of the airflow, only the fan may need to be
driven and maintained.

The method may further comprise disaggregating the pneumatically
conveyed refuse before sorting the refuse by impacting the refuse against a wall
arranged in the path of travel of the refuse using the airflow. The sorting of the
refuse may be performed by, after impacting the refuse against the wall, allowing
the refuse to fall across an opening at least partly defined by the wall, wherein a
fraction of the refuse is conveyed through the opening by the continuing airflow, and
the remaining refuse falls out of the airflow.

The opening may be defined in the wall of the conduit.

Viewed from a fourth aspect, the present invention provides apparatus for
sorting refuse, comprising: a conduit configured to pass an airflow to pneumatically
convey refuse along the conduit; and a wall arranged in the path of travel of the
pneumatically conveyed refuse to disaggregate the refuse in use by impacting the
refuse against the wall, the wall being arranged vertically and at least partly defining
an opening through which the airflow continues in use such that a fraction of the

refuse falling across the opening is conveyed through the opening.
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Viewed from a fifth aspect, the present invention provides a method of
processing refuse, comprising: pneumatically conveying refuse along a conduit
using an airflow; and disaggregating the pneumatically conveyed refuse by
impacting the refuse against a wall arranged in the path of travel of the refuse using
the airflow.

In accordance with this aspect of the invention, collected refuse that may be
clumped together, or may be provided in opened bags, can be disaggregated in a
simple yet effective way to facilitate sorting and further processing of the refuse.

Certain preferred embodiments of the invention will now be described with
reference to the accompanying drawings in which:

Figure 1 is a schematic view of a system of apparatus for sorting bagged
refuse in accordance with an embodiment of aspects of the present invention;

Figures 2a-2e show views of the knife set provided in the embodiment
shown in Figure 1;

Figure 2a is a perspective view of the knife set;

Figure 2b is a side view of the knife set;

Figure 2¢ is an enlarged view of the portion labelled 2c in Figure 2a;

Figure 2d is an end view of the knife set with the blades in their protruding
positions;

Figure 2d' is a partial longitudinal cross-section through the knife set with the
blades in their protruding positions;

Figure 2e is an end view of the knife set with the blades in their retracted
positions;

Figure 2e' is a partial longitudinal cross-section through the knife set with the
blades in their retracted positions; »

Figure 3a-3d show views of the pin set provided in the embodiment shown
in Figure 1;

Figure 3a is an end view of the pin set with the pins in their protruding
positions;

Figure 3b is a perspective view of the pin set;

Figure 3c is an enlarged view of the portion labelled 3c in Figure 3a;

Figure 3d is an enlarged view of the portion labelled 3d in Figure 3a;

Figure 4a and 4b show views of the sorting chamber provided in the

embodiment shown in Figure 1;
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Figure 4a is a cross section through the sorting means viewed from one
side; and

Figure 4b is a perspective view, partially cutaway, of the sorting means.

Figure 1 shows a schematic of a system of apparatus 1 for processing
refuse, including bagged refuse, in accordance with aspects of the present
invention. Bag opening means 3 and sorting means 5 are connected in-line, as part
of a conduit 7 sized to receive and pass filled standard refuse bags having an 80
litre to 100 litre capacity. The conduit 7 is provided at least in part by sections of
pipe 8a, 8b, 8c, 8d, 8e having a nominal diameter of 500mm. The pipe 8a, 8b, 8c,
8d, 8e may be made of any suitable material, such as steel, aluminium or extruded
plastics. A centrifugal fan 9 is provided at one end of the conduit, connected to pipe
section 8e and the fan 9 and pipe sections are arranged to provide a suitable
airflow and pressure to entrain refuse input into the conduit 7 by a screw conveyor
11 and to drive the refuse through the bag opening means 3 and sorting means 5.
In the embodiment, the fan 9 has backward inclined blades and is of power 160kW,
capable of delivering an airflow of 40,000 cubic metres per hour and a pressure of 5
inches of mercury (17kPa). A cyclone 13 is provided to separate out a fraction of
refuse entrained in the airflow in pipe section 8d.

Operation of the refuse processing apparatus 1 will now be described.
Refuse, including bagged refuse, collected from a variety of sources, such as
domestic and commercial waste, is input into the apparatus 1 by depositing it in a
hopper 15, as indicated by the input A in Figure 1. The screw conveyor 11 is of the
shaftless screw type and is operated to remove refuse from the outlet at the base of
the hopper 15 and convey it to the conduit 7, where refuse bags are inserted into
the conduit 7 by the conveyor 11 one by one. The conduit 7 begins as a section of
pipe 8a provided as a T-section at the outlet of the screw conveyor 11 to function as
a gravity chute 17. Here, the pipe 8a is vertically arranged, opening at its lower end
into a container (not shown) for receiving heavy items. Operation of the fan 9
creates an airflow in the conduit having an air speed of 45-50 ms™ in the pipe
section 8a, with the air being input into the conduit 7 at the open lower end of the
pipe 8a. The screw conveyor 11 inserts bagged refuse into the airflow at a distance
along the pipe 8a. Heavy items of refuse which cannot be entrained by the airflow
due to their characteristics (such as size, shape, weight, density and/or drag) fall
out of the pipe 8a at its open end into the container, as indicated by the output B in

Figure 1.
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Refuse that can be entrained by the airflow continues up and along the pipe
8a as indicated by the arrows in Figure 1. The apparatus 1 is arranged such that,
by the time the refuse reaches the bag opening means 3, the refuse bags will have
reached a desired speed due to the air flow which is sufficient for the refuse bags to
be reliably opened by the bag opening means 3.

The structure and operation of the bag opening means 3 will now be
described in more detail with reference to Figures 2-3.

The bag opening means comprises a knife set 31 (shown in Figure 2) and a
pin set 33 (shown in Figure 3). The knife set 31 and pin set 33 are provided as
sections of pipe having a nominal diameter equal to pipe sections 8a, 8b and 8c.

As shown in Figure 2, in the knife set 31, a series of blades 35 is arranged
spaced around the wall of the pipe 32 fo protrude inwardly therefrom into the path
of travel of bagged refuse along the conduit, as shown in Figures 2a, 2b and 2d.
The blades 35 are arranged to point obliquely away from the input direction of the
refuse bags, so as to reduce the slowing of the bags as they travel past the blades
35. As the refuse bags travel past the knife set 31 due to the airflow, the bag itself
comes up against one or more of the blades which causes the bags to be slit open.
Alternatively, the points of the blades may be directed towards the input direction of
travel of the bagged refuse. More than one such radial array of blades 35 may be
provided in the knife set, spaced along the length of the pipe 32.

The blades 35 are each provided with retraction means 37 (shown in detall
in Figure 2c) arranged outside the pipe 32 by which the blades 35, which extend
through slots 38 provided in the pipe wall, are retracted from the pipe 32 if the force
acting on the blade 35 (e.g. due to the pressure across the knife set from a
blockage) is above a certain level by action of the retraction means 37 against an
air cylinder 39. After the bag has passed, the retraction means 37 returns the blade
35 to its original, operational position. Scraper seals, arranged in slots 38, are
provided to scrape the blades 35 as they are retracted in order to remove any
debris that may have become stuck to the blades 35 in use. To maintain the knife
set 31, scraping of the blades 35 can be periodically initiated by operating the air
cylinder 39 of each retraction means 37. The operation of the retraction means 37
is illustrated in Figures 2d and 2e, which show, respectively, the blades 35 in their

protruding and retracted positions.
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After the bags have been slit open by the knife set 31, the bags are
conveyed on through the pipe section 8b to the pin set 33, where the airflow speed
is again around 45-50 ms™.

As shown in Figure 3, the pin set 33 is of a similar arrangement to the knife
set 31, but in this case a series of 14mm diameter steel pins 41 is arranged spaced
around the wall of the pipe 42 to protrude inwardly therefrom 50mm into the path of
travel of bagged refuse along the conduit, as shown in Figures 3a, 3b and 3c. The
pins 41 catch the slashed bags as they are conveyed through the pipe 42 and act
pull the bags apart, thereby liberating their contents. In the embodiment, only one
series of pins 41 is provided in the pipe 42, but more than one series of pins 41
could be provided. Multiple series of pins are preferably spaced 1.5m apart.

Each pin 41 extends through a hole in the wall of the pipe 42 and is also
provided with a retraction means 43 in the form of an air cylinder arranged outside
the pipe 42 where it is attached to the end of the pin. Scraper seals are provided in
the holes in the pipe 42 around the pins 41 where they extend through the pipe wall
to scrape debris off the pins 41 as they are retracted. The retraction means 43 is
configured to retract the pins by operation of the air cylinder. Again, if there is a
blockage in the pipe 42, pressure may be relieved by retraction of the pins 41.

It has been found that an airflow speed in the pipe section 8a and the bag
opening means 3 of at least 45-50 ms™ is desirable to ensure reliable bag opening.
Increasing the airflow speed above this level can, however, achieve further
improved bag opening results, albeit at the cost of greater power consumption.

After the fan 9 has driven the refuse through the pipe section 8a and the bag
opening means 3 where the bags have been slashed open by the knife set 31 and
pulled apart by the pin set 33, the refuse is pneumatically conveyed along a pipe
section 8c in which the air speed is again around 45-50ms™, and the refuse is
accelerated for entry into a sorting means 5 in which the refuse is sorted into
fractions.

The structure and operation of the sorting means 5 will now be described in
more detail with reference to Figure 4 of which Figure 4a is a cross section through
the sorting means viewed from one side, and Figure 4b is a perspective view,
partially cutaway.

The sorting means 5 comprises a steel sorting chamber 51 (see Figure 4)
having a wall 53 opposing an inlet 55 provided in a first end wall 54 of the chamber.

The inlet 55 is connected to pipe 8c to receive the refuse into the chamber 51. The
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wall 53 is provided as a steel barrier dividing the sorting chamber into a first
compartment 52A and a second compartment 52B. The inlet 55 enters the
chamber 51 at its upper end and the wall 53 is arranged as a web, spanning the
side walls 56 of the chamber and extending from the chamber ceiling 57 down to
the lower end of the chamber 51. The chamber side walls 56 have inwardly slanted
sections 58 at their lower end, which, together with a floor section 59 of the
chamber 51, define an opening 60. At an upper end of the chamber 51 in second
compartment 52B an outlet 61 is provided, which is connected to pipe section 8d.

The fan 9 provides, in use, an airflow through the chamber 51 which travels
from the inlet 55, through the first compartment 52A, through the opening 60,
through the second compartment 52B and through the outlet 61. Two rotary valves
63, 65 are provided at the base of the chamber 51, one in each of the first and
second compartments 52A, 52B which maintain a seal at the bottom of the
chamber 51, and ensure that the only available path for the airflow to follow is from
the inlet 55 to the outlet 61.

The apparatus 1 and chamber 51 are arranged such that refuse entering the
chamber 51 from the inlet 55 is travelling so fast that it strikes the wall 53 at a high
speed (up to around 50 ms™). The inlet has a widening rectangular cross section
so as to maximise the striking area on the wall 53. The striking of the refuse
against the wall 53 in this way causes any items of refuse that are loosely clumped
together, such as previously bagged refuse that has been opened by the bag
opening means 3, to come apart from each other and become disaggregated.
Opened bagged refuse can become completely emptied from the bags as a result
of this impacting. This facilitates sorting of the items of refuse by the sorting means
5 because the airflow is enabled to act on each item of refuse individually.

The disaggregated refuse then falls through the first compartment 52A near
the wall 53 and across the opening 60 whereupon a fraction of the items of refuse
that can be entrained by the airflow at the opening will pass through the opening
together with the airflow and be conveyed into the second compartment 52B. The
remainder of the items of refuse that could not be entrained by the airflow at the
opening 60 will remain in the first compartment 52A and fall into the rotary valve 63
which operates to pass them to a container underneath the chamber, as indicated
by the arrow C in Figure 1. The fraction of items of refuse that have passed
through the opening 60 into the second compartment 52B and are entrained in the

airflow are conveyed to the outlet 61 whereby they continue along the pipe section
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8d to cyclone 13. Here the refuse is separated from the airflow and is output at the
base of the cyclone into a container as indicated by the arrow D in Figure 1. The
airflow, sucked through the refuse processing apparatus 1, is output from the
centrifugal fan 9 as clean air as indicated by the arrow E in Figure 1.

The apparatus 1 and the opening 60 in the chamber 51 are arranged such
that the airflow speed through the opening is around but not greater than 22ms™. It
has been found that this arrangement causes the fraction of refuse entrained in the
airflow at the opening and conveyed to the second compartment 52B to comprise
almost exclusively generally planar items or '2D' items, which are usually made up
of readily recyclable, paper-based items such as plastic film, papers, newspapers,
cardboard. These are output from the apparatus at the cyclone 13 at output D.
The remainder of the items of refuse remaining in compartment 52A comprise
generally non-planar items or '3D' items. These are output from the apparatus at
rotary valve 63 at output C for further sorting or processing.

To help ensure that no unwanted items that pass through opening 60 travel
to the outlet 61, the outlet 61 is arranged in the second end wall 67 near the upper
end of the second compartment 52B. In this way, generally non-planar items that
are conveyed through the opening 60 are likely to fall out of the airflow in the
second compartment 52B and any such items are output from the chamber by
rotary valve 65. The outlet 61 has a widened rectangular cross section to capture
as much generally planar material entrained in the airflow as possible.

In accordance with the invention, refuse, including bagged refuse, can be
input into the refuse processing system and be automatically separated out and
sorted into fractions, such as generally planar and non-planar items, by being
driven by a single airflow source. The operation of the bag opening means 3 and
the sorting means 5 is such that it is the driving of the refuse by the fan 9 in the
airflow through the bag opening means 3 and the sorting means 5 that enables
them to perform their bag opening and sorting functions. In this way, the bag
opening means 3 and the sorting means 5 could be considered to operate on the
refuse 'passively’ as part of a pneumatic refuse conveyance system.

The refuse processing apparatus provides a clean (i.e. all the refuse
processing is contained in a closed conduit), efficient sorting system that can
effectively handle bagged refuse that has a high throughput (up to at least 20
tonnes per hour) and is easy to maintain with a low number of moving mechanical

parts.
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In the embodiment, the size of the opening 60 is fixed. Alternatively, the
chamber 51 may be configured such that the size of the opening may be
changeable to adjust the sorting process and the characteristics of the separated
fractions.

in the embodiment, the sorting means 5 only sorts the refuse into two
fractions as generally planar or non-planar items. However, the same principles
underlying the invention could be used to achieve separation of the refuse into a
greater number of more finely graded fractions. For example, more than one
chamber could be used or a series of openings could be provided in the chamber.
Where multiple chambers are provided, these could be arranged in sequence along
a single airflow, or in 'parallel' with the output of the rotary vaive(s) of one chamber
feeding into a separate airflow, which may be driven by a common fan or a
separate fan.

in the embodiment, the bag opening means is provided by a set of knives
and a set of pins. However, only knives or only pins could be used, or different
types of projecting members arranged to extend into the path of travel of the refuse

to open refuse bags could be used.



10

15

20

25

30

35

WO 2012/038502 PCT/EP2011/066495

-14 -

Claims

1. A method of processing bagged refuse comprising:
pneumatically conveying filled refuse bags along a conduit using an airflow;
and

opening the bags during pneumatic conveyance along the conduit.

2. A method as claimed in claim 1, wherein the bag opening step is performed
by at least one projecting member arranged to project into the path of travel of the

bagged refuse during pneumatic conveyance.

3. A method as claimed in claim 2, wherein the at least one projecting member

is provided as one or more knives and/or one or more pins.

4, A method as claimed in claim 2 or 3, wherein the at least one projecting
member is provided with retraction means which retracts the projecting member
when the pressure differential across it is above a certain level or when the force

exerted on the projecting member by the refuse is above a certain level

5. A method as claimed in claim 4, wherein the at least one projecting
member is provided with scraping means to scrape debris off the projecting

member,

6. A method as claimed in claim 5, wherein the scraping means is a scraping
seal provided around the at least one projecting member which removes debris

when the projecting member is retracted.

7. A method as claimed in any preceding claim, further comprising
disaggregating the opened bagged refuse by impacting the refuse against a wall

arranged in the path of travel of the refuse using the airflow.

8. A method as claimed in any preceding claim, further comprising sorting the

opened bagged refuse into fractions using the airflow.
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9. A method as claimed in claim 8, wherein the sorting of the opened bagged
refuse is performed by passing the refuse across an opening through which the

airflow continues along with a fraction of the refuse.

10. A method as claimed in any of claims 1 to 6, further comprising
disaggregating the opened bagged refuse by impacting the refuse against a wall
using the airflow and then sorting the opened bagged refuse into at least two
fractions using the airflow;

wherein the impacting and the sorting of the opened bagged refuse is
performed by driving the refuse against the wall and allowing the refuse to fall
across an opening at least partly defined by the wall, wherein a fraction of the
refuse is conveyed through the opening by the continuing airflow, and the remaining

refuse falls out of the airflow.

11. A method as claimed in claim 8, 9 or 10, wherein a single source of energy
is used to pneumatically drive refuse through the bag opening step and the refuse

sorting step.

12. A method as claimed in claim 11, wherein the single source of energy is a

single suction source.

13. Apparatus for processing bagged refuse, comprising:

a conduit configured to pass an airflow to pneumatically convey bagged
refuse along the conduit; and

bag opening means arranged to open the refuse bags during pneumatic

conveyance along the conduit.

14. Apparatus as claimed in claim 13, wherein the bag opening means
comprises at least one projecting member which projects into the path of travel of

the bagged refuse during pneumatic conveyance.

15. Apparatus as claimed in claim 14, wherein the at least one projecting

member is one or more knives and/or one or more pins.
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16. Apparatus as claimed in claim 14 or 15, wherein the at least one projecting
member is provided with retraction means configured to retract the projecting
member when the pressure differential across it is above a certain level or when the

force exerted on the projecting member by the refuse is above a certain level.

17. Apparatus as claimed in claim 16, wherein the at least one projecting
member is provided with scraping means to scrape debris off the projecting

member.

18. Apparatus as claimed in claim 17, wherein the scraping means is a scraping
seal provided around the at least one projecting member to remove debris when the

projecting member is retracted.

19. Apparatus as claimed in any of claims 13 to 18, further comprising a wall
arranged in the path of travel of the refuse so that the airflow causes the opened

bagged refuse to impact against the wall to disaggregate it.

20. Apparatus as claimed in any of claims 13 to 19, arranged so that in use the

airflow causes the opened bagged refuse to be sorted into fractions.

21. Apparatus as claimed in claim 20, comprising an opening through which, in
use, the airflow continues along with a fraction of the refuse so that the refuse is

sorted.

22. Apparatus as claimed in any of claims 13 to 18, further comprising a wall
arranged in the path of travel of the pneumatically conveyed bagged refuse
downstream of the bag opening means to disaggregate the opened refuse bags in
use by the bagged refuse impacting against the wall, the wall being arranged
vertically and at least partly defining an opening through which the airflow continues
in use such that a fraction of the refuse falling across the opening is conveyed

through the opening and the remaining refuse falls out of the airflow.

23. Apparatus as claimed in any of claims 20, 21 or 22, wherein a single source
of energy is configured to pneumatically drive refuse through the bag opening step

and the refuse sorting step.
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24, Apparatus as claimed in claim 23, wherein the single source of energy is a

single suction source.

25. Apparatus as claimed in claim 24, wherein the single suction source is a

blower.

26. A method of processing refuse, comprising:
pneumatically conveying refuse along a conduit using an airflow;
disaggregating the pneumatically conveyed refuse by impacting the refuse
against a wall arranged in the path of travel of the refuse using the airflow; and
sorting the refuse by, after impacting the refuse against the wall, allowing
the refuse to fall across an opening at least partly defined by the wall, wherein a
fraction of the refuse is conveyed through the opening by the continuing airflow, and

the remaining refuse falls out of the airflow.

27. A method as claimed in claim 26, wherein a single airflow is used to convey

the refuse and to separate out the fraction of the refuse.

28. A method as claimed in claim 27, wherein a single energy source is used to

drive the conveyance and sorting of the refuse.

29. A method as claimed in claim 26, 27 or 28, wherein a speed of the airflow

through the opening is not greater than 22 ms™.

30. A method as claimed in claim 29, wherein the fraction of the refuse that is
conveyed by the continuing airflows comprises almost exclusively planar items or

'2D' items.

31. A method as claimed in claim 30, wherein the remaining refuse comprises

generally non-planar or '3D' items.

32. A method as claimed in any of claims 26 to 31, wherein the size of the

opening is changeable to adjust the sorting process.
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33. Apparatus for sorting refuse, comprising:

a conduit configured to pass an airflow to pneumatically convey refuse along
the conduit; and

a wall arranged in the path of travel of the pneumatically conveyed refuse to
disaggregate the refuse in use by impacting the refuse against the wall, the wall
being arranged vertically and at least partly defining an opening through which the
airflow continues in use such that a fraction of the refuse falling across the opening

is conveyed through the opening.

34. Apparatus as claimed in claim 33, wherein a single airflow is configured to

convey the refuse and to separate out the fraction of the refuse.

35. Apparatus as claimed in claim 34, wherein a single energy source is

configured to drive the conveyance and sorting of the refuse.

36. Apparatus as claimed in claim 33, 34, or 35, wherein, in use, a speed of the

airflow through the opening is not greater than 22 ms™.

37. Apparatus as claimed in claim 36, wherein, in use, the fraction of the refuse
that is conveyed by the continuing airflows comprises almost exclusively planar

items or '2D' items.

38. Apparatus as claimed in claim 37, wherein, in use, the remaining refuse

comprises generally non-planar or '3D'" items.

39. Apparatus as claimed in any of claims 33 to 38, wherein the size of the

opening is changeable to adjust the sorting process.

40. A method of sorting refuse comprising:

pneumatically conveying refuse in a conduit using an airflow; and

sorting the refuse into fractions using the airflow by passing the refuse
across an opening through which the airflow continues along with a fraction of the

refuse.

41. A method of processing refuse, comprising:
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pneumatically conveying refuse along a conduit using an airflow; and
disaggregating the pneumatically conveyed refuse by impacting the refuse

against a wall arranged in the path of travel of the refuse using the airflow.
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