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A SYSTEM AND METHOD FOR REFUSE COLLECTION. 

TECHNICAL FIELD OF THE INVBNTIOl'l 

The present invention generally relates to refuse management and waste 

disposal, and more particularly to a vacuum refuse collection system, a 

·s method for controlled emptying of refuse in such· ·a system, as well as a 

control system for controlling emptying of refuse. 

BACKGROUND OF THE INVENTION 

10 Refuse collection systems operating at subatmospheric or vacuum pressure for 

transport of refuse by means of suction of air have been in use for many years 

and are well known to present an efficient, clean and convenient solution to 

the waste disposal problem. Such systems for suction transport of refuse, 

hereinafter simply referred to as vacuum refuse collection systems, have 

15 worked remarkably well with very few problems in smaller and medium-sized 

residential and office building areas. However, as· vacuum refuse collection 

systems have been placed into service in larger and larger residential and office 

building areas with multi-stocy buildings of the high-rise type, the demands on 

the systems have increased considerably. 

20 

.In particular, when refuse chutes are located in high-rise buildings, the 

amounts of refuse inserted into the chutes in a short period of time may be 

veiy large, and the amounts of refuse gathering in the refuse chutes frequently 

become too high between the periodic emptyings of the refuse chutes. In many 

25 instances, this problem can be solved by shortening the emptying cycle and 

empty the refuse chutes more frequently. However, in applications where a 

larger number of refuse chutes are connected to the system, it may not be 

possible to solve the problem in such a manner since the cycle time, even 

when reduced to its minimum, is still too long to secure satisfactocy operation. 

30 

Attempts have beeri. made to solve this capacity problem by providing two 

separate refuse chutes in each building. Not only did this solution increase the 

.. 
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overall costs of the entire system, but the provision of the additional refuse 

chute did also require extra space. 

The above problem is also discussed in our international application WO 

5 98/47788, which discloses a refuse limitation valve provided above the 

discharge valve in the refuse chute to enable storage of refuse within the refuse 

chute above the limitation valve. This arrangement has turned out to be very 

efficient in many applications. However, since the refuse chute itself is used as 

a storage volume for refuse there is a risk, especially in high-rise buildings and 

10 in large systems, that the chute above the limitation valve is filled with refuse 

up to the first access port before the next emptying. 

For this reason, different attempts have been made to provide so-called 

expanded storage volumes in at least some of the refuse chutes. The expanded 

15 storage volume, normally in the form of a container with substantially larger 

cross-section than the refuse chute, is provided at a position above the 

discharge valve, and allows temporary storage of a relatively high amounts of 

refuse. However, expanded storage volumes often require too much space and 

result in high total investment costs. In addition, since refuse normally is 

20 stored in ·the expanded storage volumes during longer periods of time, a more 

advanced ventilation system has to be used. 

More recently, so-called level-controlled emptying has been introduced in order 

to optimize the performance of vacuum refuse collection systems. In level-

25 controlled vacuum refuse collection systems, each refuse chute is provided 

with a level sensor for indicating the existence of refuse being piled up to a 

predetermined level in the refuse chute. When the refuse reaches the 

predetermined level, the level sensor sends a level-indication signal to the 

control system. At level-controlled emptying, the control system -gives higher 

30 priority to refuse chutes with level indications, and empties such refuse chutes 

on a "first-come first-serve" basis. In this way, the control system may change 
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the predefined structured emptying order normally used by the system and 

direct the collection of refuse to refuse chutes with level indications. 

Conventional level-controlled emptying has turned out to be effective at certain 

5 load conditions in smaller systems, leading to improved system performance. 

In larger systems however, level-controlled emptying tends to have the exact 

opposite effect, leading to frequent jumps between different branches of the 

system in an uncontrolled manner and thus inefficient use of the available 

refuse collection resources. For example, at level-controlled emptying in a large 

10 and compleX system, the emptying frequency, i.e. the number of discharge 

valve openings per time unit, can easily be reduced to less than 50% of the 

emptying frequency at normal predetermined structured emptying. Another 

disadvantage is that the "first-come first-serve" principle does not consider the 

consequences of the order in which the refuse chutes are emptied. For 
15 example, there is always the risk of overloading of a refuse chute in a critical 

area which is not first in the queue line. 

RELATED ART 

20 The international application WO 96/22238·discloses a plant for differentiated 

collection of refuse. The plant has a plurality of collection units, and each 

collection unit includes a plurality of containers, an arrangement for feeding 

different refuse to different containers and means for detecting data relevant to 

the amount of refuse within each container. The data detecting means may be 

25 in the form of a sensor for detecting the level of refuse in the container. 

SUMMARY OF THE INVENTION 

30 -1he present invention overcomes these and other drawbacks of the prior art 

arrangements. 
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It is a general object of the present invention to provide an efficient and reliable 

vacuum refuse collection system as well as an improved method for controlled 

emptying of refuse in such a system. 

5 In particular, it is desirable to optimize the vacuum refuse collection system 

with respect to reliability and operational costs, and to improve the emptying 

efficiency and minimize operational disturbances. 

Another object of the invention is to provide an improved control system for 

10 implementing efficient emptying of refuse in a vacuum refuse collection 

system. 

Yet another object of the invention is to improve the conventional level­

controlled emptying of refuse in a vacuum refuse collection system such that 

15 satisfactory and efficient operation .is secured in larger and more complex 

vacuum refuse collection systems. It is also desirable to secure satisfactory 

operation for different load conditions in the system. 

These and other objects are met by the invention as defined by the 

20 accompanying patent claims. 

The invention is mainly concerned with a vacuum refuse collection system in 

which refuse chutes .are connected to a transport pipe system through 

respective discharge valves, and in which communication between a refuse 

25 chute and the transport pipe system is established by opening the discharge 

valve of the refuse chute. 

The idea according to the invention is to partition discharge valves, and hence 

corresponding refuse chutes, into groups and perform controlled emptying of 

30 refuse by opening discharge valves ·and initiating collection of discharged 

refuse on a group basis. More particularly, the control system selects one 

group at a time for opening of discharge valves within the selected group. In 
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this way, the utilization of the available resources in a vacuum refuse 

collection system is substantially improved, thus resulting in a much more 

efficient and reliable system. 

5 The above solution has · tu.med out to be particularly efficient for larger 

systems, especially in. combination with level-controlled empcying. By 

performing level-controlled emptying on group level instead of on the level of 

individual discharge valves many of the disadvantages of conventional level­

controlled emptying are avoided, while the advantages thereof still are 

10 obtained. 

In group operation, the control system may take into account the total capacity 

of a whole group as well as the inflow of refuse to the group. When combining 

group operation and level-controlled emptying, each group of discharge valves 

15 is normally associated with a· given emptying condition, which preferably is 

based on the· number of corresponding refuse chutes that are filled with refuse 

up to a predetermined threshold level. 

Preferably, each group is also associated with a priority value that represents 

20 the relative importance of collecting refuse from the group. The control system 

is then configured to operate based on the priority values of the groups such 

that the group having the highest priority value among the groups with valid 

emptying conditions is selected for emptying and collection of refuse. 

25 A second aspect of the invention, related to level.;.controlled emptying, is based 

on providing each of a number of refuse chutes with a level indicator system 

that includes a first lower level indicator for indicating a lower level of refuse 

piled up in- the chute and a second higher level indicator for indicating a 

second higher level of refuse piled up in the chute. At high load mode, the 

30 control system monitors the first lower level indicators and opens discharge 

valves in response to indicated first lower levels when the system is ready to 

collect the refuse therefrom. At low load mode, the second higher level 
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indicators are monitored and discharge valves are opened in response to 

indicated second higher levels. 

Alternatively, one or more level indicator systems may include an analog level 

5 indicator instead of two discrete-state level indicators, and the control system 

is then adapted to respond to the level information from the analog level 

indicators in a first predetermined manner at high load mode and in a second 

predetermined manner at low load mode in the vacuum refuse collection 

system. 

10 

The single predefined level used in conventional level-controlled emptying may 

be too high to prevent overloading of refuse chutes at high load in the system, 

whereas at low load in the system, the predefined level may be too low such 

that refuse chutes that are far from full are scheduled for emptying. By using 

15 two different levels in the manner suggested by the invention, it is possible to 

obtain· a good trade-off between the risk for overloading refuse chutes and the 

fact that it is optimal to empty refuse chutes that are full or nearly full. 

This second aspect of the invention is applicable to groups of discharge valves 

20 as well as to individual discharge valves .. 

25 

30 

Other advantages offered by the present invention will be appreciated upon 

reading of the below description of the embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, will be 

best understood by reference to the following description taken together with 

the accompanying drawings, in which: 

Fig. 1 is a schematic drawing illustrating an example of a vacuum refuse 

collection system; 
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Fig. 2 illustrates .a sc;hematic logical view of an illustrative vacuum refuse 

collection system accord,ing to the invention; 

Fig. 3 is a schematic diagram of a computer-implemented control system 

5 according to a preferred .embodiment of the invention; and 

Fig. 4 is a schematic drawing of an illustrative refuse chute having two level 

indicators. 

10 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Throughout the drawings, the same reference characters will be used for 

corresponding or similar elements. 

15 In .order to avoid misconceptions, it should be clarified that the .term 'refuse' 

not only includes what traditionally is denoted as 'household refuse' or 

'household garbage' but .includes all fractions within the field of waste disposal 

such as paper, clothes, 1auncby and packages. 

20 For a better understandiri.g of the invention, a general survey of an illustrative 

vacuum refuse collection system will now be made with reference to Fig. 1. 

System overview 

Fig. 1 is a schematic drawing illustrating an example of a vacuum refuse 

25 collection system. As an example, assume that the vacuum refuse collection 

system 1 is installed in a residential and/ or business area having a number of 

buildings. Each building 2 is installed with a refuse tjiute 3, of which only the 

lower part is illustrated. In this particular example, the refuse chutes are 

vertical chutes extending vertically through the buildings, and each chute 

30 normally has several access ports (not shown). Each refuse chute is equipped 

with an openable and closable discharge valve 4, preferably positioned in the 

basement of the building. When opened the discharge valve 4 ·establishes 
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communication between the chute 3 and an underground transport pipe 5 for 

discharging the refuse gathered upon the valve into the transport pipe. When 

closed the discharge valve 4 blocks the lower end of the refuse chute to provide 

a seal between the chute and the transport pipe 5. 

The vacuum refuse collection system normally includes a number of transport 

pipes 5 which form an underground transport pipe system in which refuse is 

transported to a central refuse collection station 6 by means of suction of air. 

The transport pipe system is illustrated as haVing a main pipe to which a 

10 number of branches are connected. It should though be understood that the 

invention is not limited thereto, and that other configurations of the transport 

pipe system are feasible as well. 

Each branch in the system has an air inlet valve 8 at the end· of the branch. 

15 When the main valve 7 at the central refuse collection station 6 is opened, the 

transport pipe system or appropriate parts thereof is· exposed to 

subatmospheric pressure or vacuum pressure, and when the air inlet valve 8 

of a particular branch is opened the air needed for transporting the refuse 

gathered. in the branch transport pipe 5 enters the system and transports the 

20 refuse to the central station 6. Sectioning valves (not shown) are normally used 

to seal different sections of the transport pipe system from each other to 

ensure sufficient pressure in individual sections for effective suction transport. 

Furthermore, the vacuum refuse collection system comprises a control system 

10 for controlled emptying of refuse in the system. More particularly, the 

25 control system controls the emptying of refuse from the refuse chutes to the 

transport pipe system and the suction transport of refuse from different 

branches of the transport pipe. system to the central collection station by 

controlling the discharge valves, air inlet valves, sectioning valves and main 

valve of the system according to accepted control technology. 

30 

The invention is not concerned with the· specific design of the discharge valves, 

air inlet valves, sectioning valves and main valves, which are all well !mown in 
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the art· and may be of any conventional type used in vacuum refuse collection 

systems. In the same manner, the central refuse coll.ection station may be any 

conventional station Im.own to the art. In general, however, once the refuse has 

been transported to the central station, the refuse is compacted at the central 

5 station and stored in one or more containers. 

Problem analysis of conventional technique 

Different attempts have been made to solve the general capacity problem 

encountered when vacuum refuse collection systems are placed into service in 

10 larger and more complex systems with high-rise buildings, as described above. 

15 

Level-controlled emptying ·has been regarded as a promising approach to 

optimize the performance of refuse collection systems. In larger systems· 

however conventional level-controlled emptying may often result in inefficient 

use of the available resources. 

A careful analysis of conventional level-controlled emptying lead the inventors 

to the conclusion that it·is the required suction time, also referred to as post­

suction time, for transport of refuse to the central collection station in 

combination with frequent jumping between branches in an uncontrolled 

20 manner and the fact that norm.ally refuse from just a single refuse· chute in 

each branch is transported to the collection station that makes conventional 

level-controlled emptying inappropriate for larger and more complex refuse 

collection systems. Conventionally, when the control system receives a level­

indication signal for a refuse chute in one ·branch of the transport pipe system, 

25 the control system orders discharge of refuse from the chute and suction 

transport to the central station. The time period required for the suction 

transport from the chute to the central station is referred to as post-suction 

time, and during this period of time the system is occupied and suction 

transport from other branches is put on hold. Next, when a level-indication 

30 signal is received from a refuse chute in another branch, the control system 

orders discharge of refuse and suction transport from that chute, requiring 

another period of post-suction. In this way, the control system may jump 
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between branches with very little refuse actually being collected to the central 

station. In addition, the "first-come first-seIVe" principle does not consider the 

consequences of the order in which the refuse chutes are emptied. 

5 Problem solution - group operation 

The general idea according to the invention is to partition discharge valves, 

and hence corresponding refuse chutes, into groups and perform controlled 

emptying of refuse by opening discharge valves and initiating collection of 

refuse in one group at a time. This solution has turned out to be efficient in its 

10 own right, but particularly efficient in combination with level-controlled 

emptying. In the latter case, level-controlled emptying is applied on group level 

instead of on the level of individual discharge valves. By opening discharge 

valves on a group basis, refuse from a suitable. number of refuse chutes within 

a group of refuse chutes is gathered and transported collectively to the central 

15 station. In this way the utilization of the available resources in the vacuum 

refuse collection system is substantially improved. In addition, the total inflow 

of refuse to a complete group as well as the total capacity of the group may be 

·taken into account in the controlled emptying of refuse in the system. 

20 Fig. 2 illustrates a schematic logical view of an illustrative vacuum refuse 

collection system according to the invention. The logical view of Fig. 2 includes 

representations of a central refuse collection station RCS, a transport pipe 

system in the form of a network of transport pipes, discharge valves/ refuse 

chutes DV /CH, sectioning valves SE1-SE2 and air inlet valves AV1-AV8. 

25 

As shown in Fig. 2, the discharge valves are partitioned into groups Gl-05. 

However, it should be understood that the group partitioning shown in Fig. 2 

is merely an example, and that other ways of partitioning discharge valves into 

groups are feasible as well. The groups are generally defmed in dependence on 

30 the structure of the vacuum refuse collection system and the particular 

requirements that are being put on the system. 
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In the following, the invention will be described with reference to a preferred 

embodiment of the invention which incorporates software-implemented 

functions for group operation and system control. 

5 The refuse collection system is preferably controlled by a computer­

implemented control· system, which has functions for monitoring and 

controlling the refuse collection system. 

Fig. 3 is a schematic drawing of a computer-implemented control system 

10 according to a preferred embodiment of the invention. The control system 

basically comprises a computer or processor system in which one or more 

computer programs are being executed '.to perform the functions for monitoring 

and controlling the refuse collection system. The computer control system 10 

includes a CPU 11 or equivalent, a main memory 12, a conventional signal 

15 interface 13 and a conventional user interface 14. The main memory 12 has a 

program store 15 for computer programs 16 and a data store 17 for data. The 

control system 10 is connected to the other components of the refuse collection 

system through conventional communication links and the control system 

utilizes the signal interface 13 for receiving signal information from the refuse 

20 collection system and for sending control signals to discharge valves, air inlet 

valves, sectioning valves and the main valve of the refuse collection system. 

Preferably, an object-oriented programming language such as Java, C, C++ or 

equivalent is used to implement the group operation and ·system control 

25 functions. 

Normally, the control system 10 includes the following functions: 

Group definition functions 

Group selection functions 

30 - emptying conditions (optional) 

- priorities (optional) 

.. 
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System control functions including discharge valve control and refuse 

suction control. 

The groups are normally configured by the system administrator in a special 

5 group definition menu. In the group definition menu, the administrator defines 

which air inlet valves and which discharge valves that belong to which groups. 

An example of a group defmition menu related to Fig. 2 is given in Table I 

below. 

10 Table I 

~ 
2 8 

01 G4 

GI 03 

1 G2 3 04 G4 04 GS 

1 3 G4 04 GS 

4 

G4 G 

In the example given in Table I above, it can be seen that the following groups 

have been defmed: 

15 All DVs on AVl belong to group Gl. 

20 

All DVs onAV2 belong to groupG2. 

All DVs on AV3 belong to group G3. 

All DVs on AV4-6 belong to group 04. 

All DVs on AV7-8 belong to group GS. 

Preferably, the control system may operate in different modes and perform 

structured emptying as well as level-controlled emptying. 
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Structured emptying. The control system goes through the groups one by one 

in a predetermined order. Altemativel}r, for example when shutting down the 

system at the end of a day, the group operation may be disabled and instead 

all chutes and transport pipes are emptied in a structured and predetermined 

5 order. 

Level-controlled . emptying. . The control system selects a group for empfying of 

refuse based on signal information representative of the level of refuse from 

level indicators or level sensors in the vacuum refuse collection system. This 

10 normally requires the use of emptying conditions, a predetermined emptying 

condition being given for each group. Preferably, the emptying condition for at 

least one group is based on the number of refuse chutes in the group that are 

filled with refuse at least up to a predetermined threshold level. 1YJlically, each 

group is associated with such an emptying condition. It should though be 

15 understood that other 1;ypes of emptying conditions can be used. 

20 

In this context it has turned out to be advantageous to associate each group 

with a priority value that represents the relative importance of emptying refuse 

from the group. 

The emptying conditions and the priority values are normally configured by the 

system administrator in an emptying condition and priority menu, an example 

of which is given in Table II below. 

25 Table II 

.30 0.30 .20 0.20 

Leve emptying co ti.on 2 1 1 

The priority value denotes the relative importance of the group, and in Table II 

the priority value is a real number between 0 and 1. The priority value for each 

group is nonnally determined. by the system administrator based on storage 
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capacity in the refuse chutes of the group, and measured or presumed inflow 

of refuse to the group. Other factors such as sensitivity to overload and service 

availability may be considered in setting the priority value for a group. 

5 The level empcying condition indicates the number of level indications needed 

before scheduling the group for emptying of refuse. 

When using emptying conditions, it is important that an emptying order for 

those groups that have valid emptying conditions is established according to 

10 some criteria. The emptying order is preferably determined in an adaptive 

manner and hence updated as and when appropriate; e.g. each time an 

additional group gets a valid emptying condition or at regular time intervals. 

If the priority function is disabled, groups with valid emptying conditions are 

15 preferably scheduled .for emptying of refuse in a predetermined structured 

order. 

If the priority function is .enabled, the group having the highest priority value 

among the groups with valid emptying conditions is selected for emptying and 

20 collection of refuse. If several groups have the same priority value, one of the 

groups is selected according to a predetermined group order· defined in a 

special group order list, an example of which is given in Table m below. 

Table III 

I Group order liSt I Gl, G3, G2, 04, 05 
25 

The main task of the priority function is to determine which group among a 

number of groups having valid emptying conditions that should be selected 

first for emptying of refuse. A variation of this involves the use of an 

30 optimimtion algorithm, which arranges groups with valid emptying conditions 

in order for emptying so as to optimize the operation of the refuse collection 
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system with respect to e.g. run-time. The emptying order obtained from the 

optimization algorithm may then be modified based on an analysis of the 

consequences using the obtained emptying order. For example, although it 

might be better to select a given group for emptying before another group with 

5 respect to the overall run-time, the risk of overload for the other group could 

be an argument for changing the emptying order and put that group first in 

line for emptying. 

Although groups are selected for emptying rather than individual discharge 

10 valves, it is not necessary to open all discharge valves of a selected group. In 

fact, it may be advantageous to open only those discharge valves, within a 

group, that are associated with refuse chutes filled with refuse at least up to 

some given threshold level, as will be exemplified later. 

15 Discharge valves within a selected group are preferably opened in a structured 

order one by one according to a predefined sequence. By this technique level­

controlled emptying and structured emptying (within the selected group) can 

be combined. It should though be understood that it is not necessary to open 

all discharge valves in a selected group. 

20 

25 

It is also possible for the administrator to associate the groups· with different 

fractions in a special fraction menu, an example of which is given in Table N 

below. 

TableN 

Group Fraction 

GI 

G2 

G3 
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Modi&ed post-suction time - "suctlon time between groups" 

In order to further optimize the system performance, a feature denoted 

"suction time between groups" is used in controlling the suction of refuse in 

the transport pipe system such that refuse from a first group is transported, in 

5 the direction towards the collection station, just passed the point at which the 

branch or branches of a second group. connects to one of the branches of the 

first group or, if there are .discharge valves belonging to the second group 

downstream of the connection point, just passed those discharge valves of the 

second group that are closest to the collection station. Subsequently, when 

10 refuse from the second group is to be collected, the refuse from the first group 

is transported along with the refuse of the second group towards the collection 

station. In other words, refuse from a group is never transported all the way to 

the central vacuum station unless necessmy. In this way, valuable post­

suction time is saved. The suction times between groups are configured by the 

15 system administrator based on lmowledge of the structure and dimensions of 

the transport pipe system in a special suction-time-between-groups menu, an 

example of which is .given in Table V below. The suction times between groups 

are measured in seconds and given with a safety margin. 

20 TableV 

~ Gl G2 G3 G4 GS To 
Fro central 
gro p 

0 20 20 0 

2 0 30 30 

G3 0 0 30 0 

G4 

0 3 0 0 
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If the suction time between groups is equal to the suction ·time to the· central 

station, the refuse is: directly suction-transported all the way to the central 

station. 

5 Improved level-controfled emptying 

A further improvement. of the conventional level-controlled emptying is based 

on the understanding· of the operation of the refuse collection system under 

different load conditions. 

10 For a better understanding, reference will now be made to Fig. 4, which 

illustrates an example· qf a refuse chute installed in a building. The refuse 

chute 3 is inst.alled in a bliilding 2 in a conventional manner and is equipped 

with an openable and closable discharge valve 4. The discharge valve 4 is 

preferably positioned in the basement of the building and is used for 

15 establishing communication between the refuse chute 3 and an underground 

transport pipe 5. Furthermore, the refuse chute 3 has a level indicator system, 

which includes two or more level indicators 24, 25 positioned at different levels 

in refuse chute 3. The level indicators are normally positioned in the chute wall 

or in the vicinity thereof. A first lower level indicator 24 is positioned a first 

20 distance above the . discharge valve for generating signal information 

representative of the existence of refuse piled up to a lower level in the refuse 

chute, and a second higher level indicator 25 is positioned at a higher distance 

above the discharge valve for generating signal information representative of 

the existence of refuse piled up to a higher level in the refuse chute. Preferably, 

25 the second higher level indicator is positioned close to the upper floor disposal 

inlets. 

Any conventional type of level sensor capable of sensing the continued 

presence of refuse may be employed by the invention, as long as the sensor 

30 does not interfere with the normal operation of the refuse chute. Examples of 

level indicators are: 
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Mechanical level sensors (for example of the type having a spring biased 

fmger extending into the chute); 

Optical level sensors (for example photo-cell based level sensors); and 

Ultrasonic sensors. 

The signal information generated by the level indicators is transferred directly 

or via a distributed control unit 26 to the control system, and the control 

system is responsive to signal information from level indicator systems in a 

.number of refuse chutes in the refuse collection ·system for performing 

10 controlled emptying of refuse. The distributed control unit 26 may also be used 

to forward control signals from the control system to the discharge valve 4. 

The control system may operate in different modes. It is apparent that as the 

control system operates in a particular control mode, it causes the refuse 

15 collection system to operate in a corresponding refuse collection mode. A time 

schedule menu is used by the administrator to configure when the different 

modes should be allowed according to presumed disposal patterns and 

volumes during a day. An example of such a time schedule menu is given 

below in Table VI. 

20 

Table VI 

Start top M e Prionty Day Fraction 

07. 10.00 

1 

In this particular example, three operation modes are used: low load mode, 

25 high load mode and structured emptying mode. As can be seen, the refuse 

collection system operates at low load mode and ·high load mode during 

different periods of the day. A final structured collection of refuse from all 
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refuse chutes and pipes in the system is performed at 23.00 (11 p.m.). After 

that the refuse collection system is stopped and shut down during the night. 

Naturally, the time scheduling is easily changed for performance optimization 

5 or for adapting the system to changed refuse disposal patterns. 

The idea according to the invention is to ·use the lower level as a threshold level 

for level-controlled emptying at high load mode, and the higher level as a 

threshold level at low load mode. At high load mode, the control system 

10 monitors the first lower level indicators and opens discharge valves in response 

to indicated lower levels when the system is ready to collect the refuse 

therefrom. At low load mode, the second higher level indicators are monitored 

and discharge valves are opened in response to indicated higher levels. 

15 By appropriately setting the above two levels, it is possible to obtain a good 

.trade-off between the risk for overloading refuse chutes and the risk for 

emptying refuse chutes that are almost empty. The levels need not be the same 

in all refuse chutes. In fact, it might be beneficial to adapt the levels to the 

disposal patterns of the particular area in which the refuse chute is situated. 

20 In the foregoing, the level indicators have been described as discrete-state level 

indicators that do not indicate the actual "analog'' level of refuse in the system. 

Alternatively, however, the level.indicator systems are provided as analog level 

indicators, for example as ultrasonic sensors. In this case, the control system 

still uses two discrete levels and responds to the signal information from the 

25 analog level indicators in substantially the same manner as described above. 

At high load mode, the control system responds to signal information 

representative of refuse being piled up at least to the lower level in a refuse 

chute by opening the corresponding discharge valve as soon as possible. At low 

load mode, the control system responds to signal information representative of 

30 refuse being piled up at least to the higher level in a refuse chute by opening 

the corresponding discharge valve. 
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20 

The above improved level controlled emptying is applicable on the level of 

individual refuse chutes/ discharge valves as well as on group level. 

When applied on group level, the following principles are preferably used: 

5 At high load mode, each group has an emptying condition based on ·the 

number of refuse chutes that are filled with refuse up to the lower level; 

At low load mode, each group has an emptying condition based on the 

number of refuse chutes that are filled with refuse up to the higher level; and 

In each load mode, only discharge valves with at least lower-level 

10 indications are opened. 

15 

Level-controlled emptying based on the above scheme in combination with 

group operation has turned out to be particularly efficient in large and 

complex refuse collection systems. 

In the following, an illustrative example of group operation and system control, 

incorporating high-load level-controlled . emptying and priority functions, will 

be described with reference to Fig. 2 and Tables I-VI given above. 

20 Jmzmple 

High-load level-controlled emptying is started at 17:00. 

System states at 17:00 

Groups: Gl G2 G3 G4 GS 

25 Current priority: 0.30 0.30 0.30 0.20 0.20 

Number of levels: 0 3 1 0 1 

Valid emptying condition: No Yes Yes No Yes 

Groups G2, G3 and GS have valid emptying conditions. The control system 

30 starts the central vacuum station. It detects that groups G2 and G3 have the 

highest priority among G2, G3 and GS, and since both G2 and G3 belong to 

the fraction R, the system switches to fraction R. The group order list of Table 
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m is consulted, and since G3 precedes 02 in the li~t, the emptying procedure 

for group 03 is started by opening the main valVe, the sectioning valve SEl 

and the air inlet valve AV3. Next, all DVs of group G3 with lower-level 

indications are opened, preferably in a structured order, by sending 

S appropriate control signals to the DVs of group G3 With lower-level indications. 

In order to ensure. that all groups eventually will be emptied, the control 

system increases the priority factor for each non-selected group that has a 

valid emptying condition each time a group has been selected for emptying, 

10 and at the same time resets the priority factor of the selected group to the 

initial priority factor of the group. Therefore, the priority of 02 is increased by 

0.30 (a factor of l times the initial priority factor of G2) to 0.60, and GS is 

increased by 0~20 to 0.40. 

lS 

20 

System states at 17:03 

Groups: 01 G2 G3 G4 GS 

Current priority: 0.30 0.60 0.30 0.20 0.40 

Number of levels: 0 3 0 0 1 

Valid emptying condition: No Yes No No Yes 

Groups G2 and GS have valid emptying conditions. The control system detects 

that G2 has the highest priority of G2 and GS. Using Table V it can be seen 

that the suction time from group 03 to group G2 is 30 seconds. This means 

that the control system waits 30 seconds from the time when the last DV of 

25 group G3 has been emptied so that the refuse of G3 has been transported in 

the transport pipe system at least passed the chutes of G2. Subsequently, air 

inlet valve AV3 for group G3 is closed and the emptying procedure for group 

02 is started. Air inlet valve AV2 is opened, and then all DVs of G2 with lower­

level indications are opened in a structured order. The priority factor of 02 is 

30 reset to 0.30, and the priority factor of GS is increased by 0.20 to 0.60. 
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System states at 17:05 

Groups: Gl G2 G3 G4 GS 

Current priority: 0.30 0.30 0.30 0.20 0.60 

Number of levels: 0 0 1 0 1 

Valid emptying condition: No No Yes No Yes 

Groups G3 and GS have valid emptying conditions. The system detects that 

GS (for fraction P) has the highest priority of G3 and GS. Now, the system 

waits 30 seconds, the suction time between G2 and the central (since GS 

10 belongs to another fraction and to another section the refuse of groups G3 and 

G2 has to be collected before the system switches to fraction P). Subsequently, 

the system switches to fraction P (paper), and runs the emptying procedure for 

GS by opening the sectioning valve SE2, the air inlet valves AV7 and AV8 in a 

structured order, and the corresponding discharge valves with lower-level 

lS indications. The priority factor of GS is reset to 0.20, and the priority factor of 

G3 is increased by 0.30 to 0.60. 

System states at 17:09 

Groups: Gl G2 G3 G4 GS 

20 Current priority: 0.30 0.30 0.60 0.20 0.20 

Number of levels: 0 0 1 0 0 

Valid emptying condition: No No Yes No No 

Group G3 has a valid emptying condition. The system waits 50 seconds (the 

25 ·suction time between G5 and the central) since 03 belongs to another fraction 

R, and to another section. The system then switches back to fraction R, opens 

sectioning valve SEl and runs the emptying procedure for group G3. The 

priority factor of G3 is reset to 0.30. 

30 
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System states at 17:12 

Groups: Gl G2 G3 G4 GS 

Current priority: 0.30 0.30 0~30 0.20 0.20 

Number of levels: 0 0 0 0 0 

Valid emptying condition: No No No No No 

No valid emptying conditions. The control system either starts structured 

empt;ying or goes into a standby state. In the latter case, the central is stopped 

after a while if no lower-level indications occur in the system. 

.The daily refuse emptying and collection processes can be refined whenever 

necessary, for example by changing settings in the tables given above. 

The vacuum refuse collection system according to the invention is capable of 

15 handling larger amounts of refuse per refuse chute as well as a larger number 

of refuse chutes connected to the system. This makes the system especially 

appropriate for use in areas with high-rise buildings and with many buildings 

connected to the same system or in larger airport refuse systems. It should be 

understood that although customized for complex high load applications, the 

20 system according to the invention can be used in all kinds of ARCS (automatic 

refuse collection system) applications. 

The embodiments described above are merely given as examples, and it should 

be understood that the present invention is not limited thereto. Further 

25 modifications, changes and improvements which retain the basic underlying 

principles disclosed and claimed herein are within the scope and spirit of the 

. invention. 
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CLAIMS 

1. A vacuum refuse collection system comprising a refuse collection station 

(6, RCS), a transport pipe system (5) for transport of refuse to the collection 

5 station, a number of refuse chutes (3) connected to the transport pipe system 

(5) through respective discharge valves (4), and a control system (10) for 

controlling emptying of refuse from the refuse chutes to the transport pipe 

system and collection of discharged refuse to the refuse collection station, 

communication between a refuse chute and the transport pipe system being 

10 established by opening the discharge valve of the refuse chute, 

15 

characterized in that the control system (10) comprises means, operating on 

groups (G 1-GS) of discharge valves, for selecting one group at a time to open 

discharge valves within the selected group and initiate collection of discharged 

refuse. 

2. The vacuum refuse collection system according to claim 1, 

characterized in that the group operating means operates. based on emptying 

conditions for the groups (G 1-GS} such that groups with valid emptying 

conditions are selectable for emptying of refuse, a predetermined emptying 

20 condition being given for each group. 

3. The vacuum refuse collection system according to claim 2, 

characterized in that the system further comprises a level indicator system (24, 

25) in each of a number of refuse chutes for generating signal information 

25 representative of the level of refuse in the respective refuse chute, and the 

group operating means is responsive to the signal information from the level 

indicator systems (24, 25) for determining, for each group, if the emptying 

condition of the group is valid. 

30 

: 1111111111111111111 1111111 1111 . 
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4. The vacuum refuse collection system according to claim 3, 

characterized in that the emptying condition for each group is based on the 

number of refuse chutes th.at are :6lled with refuse at least up to a 

predetermined threshold level. 

5. The vacuum.refuse collection system according to claim 4, 

characterized in that each level indicator system (24, 25) includes a first lower 

level indicator (24) for generating signal information representative. of the 

existence of refuse piled up to a first lower level in the refuse chute, and a 

10 second higher level indicator (2!5) for generating signal information 

representative of the existence of refuse piled up to a second higher level in the 

refuse chute; and 

the group operating means includes means for operating the refuse 

collection system in low load mode and high load mode, respectively, during 

15 predetermined periods of time, wherein the first lower level is utilized as the 

threshold level at high load mode, and the second higher level is utilized as the 

threshold level at low load mode. 

6. The vacuum refuse collection system according to claim 5, 

20 characterized in that the group operating means is configured to open only 

those discharge valves, within a selected group, that correspond to refuse 

chutes with lower level indications, said discharge valves being opened in a 

structured predetermined order. 

25 7. The vacuum· refuse collection system according claim 2, 

30 

characterized in that the group operating means comprises means for 

adaptively determining an emptying order in which groups with valid emp1;ying 

conditions are selected for emptying and collection of refuse. 

· I llllll1 llllll lllll lllll II llll 
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8. The vacuum refuse collection system according claim 2, 

characterized in that the group operating means comprises means for 

associating each group with a priority value that represents the relative 

importance of collecting refuse from the group; and 

5 the group operating means also operates based on the priority values of 

the groups such that the group having the highest priority value among the 

groups with valid emp1;ying conditions is selected for emptying and collection 

of refuse. 

10 9. The vacuum refuse collection system according to claim 8, 

characterized in that the group operating means is configured to select, if more 

than one group has the highest priority value, one of these groups according to 

a predetermined group order. 

15 10. The vacuum refuse collection system according to claim 8, 

characterized in that the group operating means further comprises: 

means for increasing, each time a group has been selected for emptying 

and collection of refuse, the priority value of each non'."'selected group that has 

a valid emptying condition; and 

20 means for resetting the priority value of the selected group to the initial 

priority value associated with the group. 

11. The vacuum refuse collection system according to claim 10, 

characterized in that the increasing means increases the priority value of each 

25 non-selected group that has a valid emptying condition preferably by a 

constant value equal to the initial priority value associated with the group. 

12. The vacuum refuse collection system according to claim 1, 

characterized in that a group of discharge valves is defined by a set of 

30 discharge valves belonging to the same branch of the transport pipe system. 

· //f lllf Bii~ 11~111~1111111 
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13. The vacuum refuse collection system according to claim 1, 

characterized in that the transport pipe system includes a number of 

branches, and a first group of discharge valves is defined by discharge valves 

of one or more branches, and a second group of discllarge valves is defined by 

5 discharge valves of one or more other branches, ailcJ the control system (10) 

. comprises means.· for controlling the suction of refu~e in the transport pipe 

system such that refuse from the first group is transported., in the ·direction 

towards the collection station (6, RCS}, just passed the point at which the 

bran.ch(es) of the second group connects to one of the ·branches of the first 

10 group or, if there are discharge valves belonging to the second group 

downstream of the connection point, just passed ·tJi9se discharge valves of the 

second group th.at are closest to· the collection station (6, RCS), wherein the 

thus transported refuse from the first group subsequently is transported along 

with the refuse of the second group towards the collection station. 

15 

14. A method for controlled emptylllg of refuse from a number of refuse 

chutes (3) through respective discharge valves (4) into a transport pipe system 

(5) in a vacuum refuse collection system, communication between a refuse 

chute (3} and the transport pipe system (5) being established by opening the 

20 discharge valve (4) of the refuse chute, 

characterized by: 

partitioning discharge valves into groups (G 1 "'.GS) for the purpose of 

controlled emptying of refuse, at least one group including a plurality of 

discharge valves; and 

25 performing the controlled emptying of refuse by opening discharge valves 

on a group basis. 

15. The method according tO claim 14, 

characterized in that the step of performing the controlled emptying of refuse is 

30 based on initiating opening of discharge valves and ·collection of discharged 

refuse in one group at a time. 

· I lllllll llllll lllll lllll·ltllll·: . 
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16. The method accord.irig to claim 14, 

characterized by assigning, to each group, a predetermined empzying 

condition, and selecting a group for emptyirig from those groups that have 

valid emptying conditions. 

17. The method according to claim 16, 

chara.cteri7.ed in that the selecting step is performed according to a 

predetermined structured group order if no group has a valid emptying 

condition. 

18. The method according to claim 16, 

characterized by: 

indicating, for each refuse chute, the level of refuse in the refuse chute; 

and 

15 determining, for each group of discharge valves, whether the emptying 

condition for the group is valid or not in response to level indications, wherein 

the emptying condition for at least one group is based on the number of refuse 

chutes that are filled with refuse at least up to a predetermined threshold level. 

20 19. The method according to claim 18, 

characteri7.ed in that the vacuum refuse collection system is operated in low 

load mode and high load mode, respectively, during predetermined periods of 

time, and a first lower level is used as the threshold level at high load mode in 

the vacuum refuse collection system, and a second higher level is used as the 

25 threshold level at low load mode in the vacuum refuse collection system. 

20. The method according to claim 19, 

characterized by opening only those discharge valves, within a selected group, 

that correspond to refuse chutes. with indications of refuse being piled up to at 

30 least the first lower level. 

;. 11111111111111Hiii11111111111 · 
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21. The method according to claim 16, 

characterized by adaptiveb' determining an emptying .order for those groups 

that have valid emptying conditions, and selecting a group for emptying based 

on the adaptively determined emptying order. 

22. The method according to claim 16, 

characterized by associatiilg each group with a priorit;y value that represents 

the relative importance of emptying refuse from the group; 

wherein the group having the highest priority value among the groups 

10 with valid emptying conditions is selected for emptying of refuse. 

15 

23. The method according to claim 22, 

characterized· in that, if more than one group has the highest priority value, 

one of these groups is selected according to a predetermined group order. 

24. The method according to claim 22, 

characterized by: 

increasing, each time a group has been selected for emptying and 

collection of refuse, the priority value of each non-selected group that has a 

20 valid emptying condition; and 

resetting the ·priority value of the selected group to the initial priority 

value associated with the group. 

25. The method according to claim 14, 

25 characterized in that the step of performing the controlled emptying of refuse 

comprises the step of selecting one group at a time based on the level of refuse 

in refuse chutes of the partitioned groups. 

26. A control system for controlling the emptying of refuse from a number of 

30 refuse chutes (3) through respective discharge valves (4) into a transport pipe 

system (5) in a vacuum refuse collection system, communication between a 

· I ~fiJ~ 1111~ II~/ g~ 11 lfll · 
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refuse chute (3) and th~ ift~sport pipe system (5) beirlg established by opening 

the discharge valve (4) of the refuse chute, 

characterized in that the control system (10) comprises: 

- means for selecting discharge valves in groups, one group at a time; and 

5 - means for sending control signals to discharge valves within a selected 

group to initiate opening of these disch&rge valves. 

27. The control system according to claim 26, 

characterized in that said control system further comprises means for 

10 assigning, to each group, a predetermined emptying condition that is based on 

the level of refuse within the respective group, wherein said selecting means is 

configured to select a group for emptying from those groups that have valid 

emptying conditions. 

15 28. A vacuum refuse collection system comprising a refuse collection station 

(6, RCS), a transport pipe system (5) for transport of refuse to the collection 

station, a number of refuse chutes (3) connected to the transport pipe system 

through respective discharge valves (4), a level indicator system in each of a 

number of refuse chutes for generating signal information representative of the 

20 level of refuse in the refuse chute, and a control system (10) responsive to the 

signal information from the level indicator systems for perlorming controlled 

emptying of refuse from refuse chutes into the transport pipe system, 

communication between a refuse chute and the transport pipe system being 

established by opening the discharge valve of the refuse chute, 

25 characterized in that the control system (10} comprises means for: 

operating the refuse collection system in low load mode and high load 

mode, respectively, during predetermined periods of time; 

at high load mode, responding to signal information representative of 

refuse being piled up at least to a first lower level in a refuse chute by opening 

30 the corresponding discharge valve when the vacuum collection system is ready 

to collect the refuse therefrom; and 

( l.lllllll llllll lllll lllll II llll · 
'* C •L M S * 



5 

WOOJ/05683 PCTJSE00/81331 

31 

at low load mode, responding to signal info~tion representative of 

refuse being piled up at :least to a second higher l(W~l in a refuse chute by 

opening the corresponding discharge valve when the ~cuum collection system 
. ' . 

is ready to collect the ~se therefrom. 

29. The vacuum refuse collection system according to claim 28, 

characterized in that the control system (10) comprises means for operating on 

groups (G 1-GS) of discharge valves to enable opening ~f discharge valves and 

collection of discharged refuse in one group at a time, each group having an 

10 emptying condition based on the number of refuse chutes that are filled with 

refuse up to the first lower level at high load mode, and up to the second 

higher level at low load mode. 

30. The vacuum refuse collection system according to claim 29, 

15 characterized in that the group operating means com~rises: 

20 

means for associating each group with a priority value representative of 

the relative importance of emptying refuse from the groµp; and 

means for selecting the group having the highest priority value among the 

groups with valid empcying conditions for emptying of refuse. 

31. The vacuum refuse collection system according ~ claim 28, 

characterized in that at least one level indicator system includes an analog 

level indicator. 

25 32. The vacuum refuse collection system according to claim 28, 

characterized in that at least one leve_l indicator system includes a first lower 

level indicator (24) for incp.cating the existence of refuse piled up to the ftrst 

lower level in the refuse chute, and a second higher level indicator (25) for 

indicating the existence of refuse piled up to the second higher level in the 

30 refuse chute. 

::: I lllllll llllll lllll lllll IMlll: 
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33. A method for level:.ibontrolled emptying of refuse from a number of refuse 

chutes (3) through respective discharge valves (4) into a transport pipe system 

(5) in a vacuum refuse collection system, communication between a refuse 

chute (3) and the transport pipe system (5) being established by opening the 

5 discharge valve (4) of the refuse chute, 

characterized by: 

operating the refuse collection system in low load mode and high load 

mode, respectively, during predetermined periods of time; 

applying a first lower level as a threshold level for the level-controlled 

10 emptying at high load mode; and 

applying a second higher level as the threshold level .for the level­

controlled emptying at low load mode. 

34. The method according to claim 33, 

15 characterized by: 

providing at least two level indicators (24, 25) in each of a number of 

refuse chutes, a first lower level indicator (24) for indicating a first lower level 

of refuse piled up in the refuse chute, and a second higher level indicator (25) 

for indicating a second higher level of refuse piled up in the refuse chute; 

20 at high load mode in the vacuum refuse collection system, monitoring the 

first lower level indicators (24) and opening discharge valves in response to 

indicated first lower levels when the vacuum collection system is ready to 

collect the refuse therefrom; 

at low load mode in the vacuum refuse collection system, monitoring the 

25 second higher level indicators (25) and opening discharge valves in response to 

indicated second higher levels when the vacuum collection system is ready to 

collect the refuse therefrom. 

35. The method according to claim 33 or 34, 

30 characterized by: 

partitioning discharge valves into groups (G 1-GS); and 

· I IJllll///llll Ill/I /II/I JI /II/ 
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performing the level-controlled emptying by initiating opening of 

discharge valves and collection of discharged refuse in one group at a time; 

each group having an emptying condition based on the number of refuse 

chutes that are filled with refuse up to the first lower level at high load mode, 

5 and up to the second higher level at low load mode. 

36. The method according to claim 35, 

characterized in that each group is associated with a priority value denoting 

the relative importance of emptying refuse from the group, and the group 

10 having the highest priority value among the groups with valid emptying 

conditions is selected for emptying of refuse. 

37. The method according to claim 36, 

characterized in that only those discharge valves of the selected group that 

15 correspond to refuse chutes with lower level indications are opened. 
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