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Abstract  
 
Today waste management has entered a new stage. Since wastes still contain natural materials 
and energy that can be extracted, it should be treated in effective ways, for example, for 
energy recovery or material recycling. Many countries and the municipalities have therefore 
made waste treatment strategies in accordance with for example, EU directives or 
governmental regulations. In such circumstances, Envac is one of waste management 
companies in Sweden, which collects different kinds of waste fractions through an 
underground pipe system by means of air pressure. In Hammarby sjöstad in Stockholm, 
currently organic waste, combustible waste, and newspapers are collected by the Envac’s 
system, however a cross contamination between organic fraction and newspapers has been 
observed. We therefore performed on-site waste transporting experiments in order to solve 
this cross contamination and suggest an optimum transporting condition which means that 
waste bags can be transported with high rate and acceptable condition to the terminal. From 
the previous study, bag quality and transporting speed were supposed to be the factors that 
affect the waste purity. Then on-site experiments were designed and carried out based on 
these factors. In the end, we proposed the optimum condition depending on the bag quality 
and clarified the causes of the cross contamination.  
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Terminology  
 
Automated waste collection system 
Wastes stored in inlets are transported by means of pneumatic pressure through underground 
pipes. Today three kinds of waste fractions; organic, combustible, and newspapers, are 
collected by the system. Specific transport conditions are applied to each waste fraction 
depending on the waste density.  
 
AV 
Air inlet valve. The air is taken in from outside through the valve. This valve is opened before 
operating a discharge valve. 
 
Backward sucking effect 
Air flows backward against the proper current and the waste is dragged to the wrong direction 
along with the air flow. The waste then remains in the pipe, for example, behind the valve or 
Y-pipe connections. In the test area, there is a Y-pipe and this may cause the backward 
sucking.  
 
Biodegradable bag  
A bag made from biodegradable material.  Most of the cases, cornstarch for biodegradable 
plastic bag and pulp for paper bag are used for the base materials. The bag is beneficial for 
both composting and bio-energy production due to the microbial degradability.  
 
Combustible waste 
A waste that can be incinerated. In household waste, it is separated from food waste, 
newspapers, packaging, medicine, hazardous waste, and bulky waste. Examples of 
combustible waste are; plastic materials that can not be recycled, kitchen towel, cotton, and so 
on. The combustible waste is incinerated at the plant in order to generate heat and electricity.  
 
Cross contamination 
Waste fraction is collected in a wrong bin and ends up mixing with other fractions. For 
example newspapers are found in a bin for organic waste and vice versa. 
 
DMS 
Design Manual System. Envac’s system including chiefly the design and operation procedure 
is described in it.  
 
DV 
Discharge valve. A valve that prevents waste bags from entering the pipe and that is usually 
closed. Disposed waste is stored behind the valve and it is opened when the system is 
operated to collect the waste. It is controlled by computing system. (Envac DMS Chapter 1, 
2009)  
 
Impurity  
It means contamination of three kinds of waste fractions in the system. It is often seen as 
mixture of different waste fractions in a container at the terminal.   
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Mobil System 
One of Envac’s waste collection systems. The system is run by a vehicle that has a  computer-
controlled vacuum system inside it. A vacuum pump creates the air pressure that sucks waste 
bags stored behind the discharge valve through underground pipes via a docking point to the 
vehicle. The collected waste is used for material recycling.  
 
Optimum transporting condition 
An operating condition of the system that makes it possible to transport waste bags with high 
rate and acceptable condition to the terminal.  
 
Organic waste  
Mainly food waste including meat, fish, bread, vegetable, coffee filter, kitchen paper, and so 
on. It is treated for producing compost or biomass-energy 
 
Stationary System 
It is one of Envac systems. It consists of inlets system and a central waste collection station 
that are linked together by the underground pipes. Waste bags are disposed into inlet by waste 
fractions and stored behind DV. DV valve is opened at intervals and then the bags are 
transported to the central collection station through underground pipes. Waste bags that arrive 
at the station are then used for material recycling at treatment plants.  
 
Y-pipe  
A pipe junction that has Y shape and is used to join a branch to the main pipe or another 
branch. It normally has an angle of 30º.  
 
400 mm system  
400 mm stands for a pipe diameter and this diameter is often used for stationary system. 
Sometimes 350 mm or 500 mm diameter pipe are also used and they are called 350 mm 
system and 500 mm system respectively.  
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1.   Introduction  
 
Today waste management takes an important role in developing a sustainable society through 
material recycling and energy recovery. As waste hierarchy shows, reuse and recycling of 
waste are regarded as prioritized options after the prevention and minimization. Besides, the 
EU legislation on waste requires the Member State to establish their own waste management 
plans in accordance with the related directives such as the Directive 2006/12 /EC (European 
Topic Center on Waste and Material Flow, 2003). Therefore in order to meet the requirement 
and to promote sustainable society, waste should be treated by well-managed strategy.  
 
In most of countries, waste-to-energy has become one of the important governmental 
strategies because it makes it possible to reduce energy generation directly from fossil fuels to 
renewable sources and in the end it can contribute to reducing carbon dioxide emission. In 
theory, wastes still contain calories that derived from the source materials and are converted 
to other forms of energy such as heart or electricity. A lot of effort therefore has been put on 
developing these technologies. Under such circumstances, today biological waste is often 
converted to biogas, that is a renewable energy, through anaerobic digestion and combustible 
waste is usually converted to heat and electricity though incineration. These generated 
energies are used for district heating, fuel for public buss, and so on.  
 
In Sweden, the government and the related authorities had to establish their own waste 
management system. Through their strategy, in fact they succeeded in reducing the emission 
of greenhouse gasses by 34 % during 1990-2006 and until 2020 they try to reduce it by 76%. 
Thanks to the increased awareness for waste handling, today 96% of household waste in 
Sweden is recycled (Avfall Sverige, 2008). The government however has imposed more 
targets and regulations without satisfying with the achievement. They still feel that waste can 
be recycled more and be used for energy recovery that contributes to the Swedish energy 
generation through continuous effort and well-planned strategy.  
The important targets that are set up by the parliament are mainly focused on the biological 
treatment, material recycling, waste-to-energy, and landfill.  
According to the Swedish environmental objectives relating to the waste management, 
followings are the interim objectives concerning material recycling and household waste are 
the followings; (Swedish EPA, 2007).  
 

• By 2010 at least 50 % of household waste is to be recycled by recovery of materials, 
including biological treatment 

• By 2010 at least 35 % of food waste from households, restaurants, institutional 
catering and shops is to be recycled by biological treatment.  

 
For the present, in order to achieve the objectives, the most practical and effective way is 
regarded as source sorting among different waste fractions, for example, between food waste 
and combustible waste. At the same time, the public should be involved in it because 
increased awareness from them has a great effect on achieving the objectives. Therefore it is 
required to develop the sorting system and the technology, as they will be a key to success.  
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1.1   Company’s Profile 
 
Envac AB has been operating underground-automated waste collection system for more than 
40 years. They launched the business in 1961 in Sweden and their system has been used 
broadly all over the world. Today the system is applied to residential areas, business sectors, 
hospitals, airports, and flight kitchens. It collects both municipal and commercial wastes by 
means of pneumatic pressure. The company takes full responsibility for the planning, 
instillation, operation, and maintenance of the system that suit to the local waste regulations. 
They also teach users how to use the system and to sort wastes with corporation of 
municipalities.   
 
The system has been developed in order to improve the situation related to waste treatment 
and create new values in the handling system. Following are the benefits that are brought 
from their system (Envac, 2009).  
 
Less environmental impact 
Since wastes are collected through the pipe under the ground instead of by collecting vehicles 
that go around residential areas, there are less noise and less carbon dioxide emission.  
 
Promote source separation and waste recycling  
Different inlet for waste fractions normally for newspapers, compostable, and combustible 
waste are provided for users. It can promote waste sorting at the source because most of the 
cases inlets locate either inside or very close to the apartments and the procedure is quire easy 
for users. Besides, the separated wastes are treated efficiently at plants, for example, 
combustible waste is incinerated in order to generate heat, compostable waste is composted 
and converted to biogas or fertilizers, and newspapers are recycled and converted to paper 
products.   
 
Improve working environment 
The system provides better working environment with the waste collectors who engage in 
conventional waste collecting, that is, they collect wastes by vehicle manually. With this 
system, there is however no need to lift and pull very heavy waste containers and less risk of 
infection because physical contacts with wastes on site can be minimized. This leads to 
improving the collectors working environment.  
 
Create cleaner environment 
Since wastes are directly thrown away into the inlets by users, less waste bags are seen on 
streets or in residential areas. This contributes to create beautiful sceneries of the town. 
Besides, wastes are transported to the collection station at intervals in a day, and therefore it 
can minimize odor and risks of infection, that is to say, good for hygiene.  
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1.2   Background of the study 
 
As described in the previous section, Envac has developed the waste handling system and 
contributed to promoting source sorting by providing inlets for different waste fractions. From 
their operating experiences and analyses (Strid, 1995; Afzerius et al., 1996), they however 
recognized that there is a certain degree of cross contamination in transporting different waste 
fractions. It has not been clear how much this cross contamination occurs depending on the 
waste type, system design, and operating condition, and what causes it. The cross 
contamination lessens the value of waste treatment at a biogas plant and incinerator because 
the operational efficiency is reduced by the inhomogeneous fractions. Besides, it increases the 
number of system troubles and maintenances, and therefore it ends up with increasing the 
related costs.  
 
One of causes of the cross contamination might be users’ careless sorting; however most of 
causes seem to come from a bag quality because some bags are not suitable for the Envac’s 
system. Besides, they are easy to break during the transport due to the weak welding and the 
thinness. Another possible cause seems to be inadequate operating condition (Norlenius, 
1996; Jankevics, 2001). Since municipalities determine the bag quality among manufacturers, 
Envac does not have a right to choose it, however they can at least propose a suitable bag in 
order to avoid the cross contamination and increase the system utility.  
 
Therefore this study is made to solve the cross contamination problem in order to increase the 
system quality.  
 
 
1.3   Aim 
 
The aim of this study is to improve waste impurity that is caused by waste contamination by 
proposing an optimum transport condition.  

Sub-aims to support the main aim:  
• Clarify the causes of impurity and the importance in the collection process 
• Achieve maximum waste purity under the optimum condition 

 
 
1.4   Objective 

 
In order to achieve the aims, following is the objectives.  

• Find factors that are supposed to affect the waste purity from previous test reports 
• Make plans for on-site tests and carry them out 
• Propose an optimum condition that gives high transporting accuracy  
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1.5    Methodology 
 
The study was done mainly based on the Envac’s pervious experiences which are kept in the 
form of internal technical reports and on site waste transport experiments. In order to 
understand the fundamental system operation and to analyze the test results, literature study 
and discussion with technical staff are also done.  
Technical reports 
The internal technical reports stored in Envac were used to understand the system and to find 
key parameters that affect pure waste transport. In this study, 13 papers were analyzed and 
summarized. The summary is treated as confidential. Most of experiments written in the 
reports were taken place in the 90’s and therefore it should be noted that the situation is not 
the same as today. The summary however at least gave observations, e.g. which factor affects 
the system purity. In addition to these reports, several previous reports that give clues to 
understand the system were also used.  
 
System Analysis  
In order to understand the Envac’s automated waste collection system, a technical manual, or 
DMS that belongs to Envac was used. The manual describes the detail designing information 
and it was useful to make a plan for on-site experiments. In addition to reading the manual, 
discussion with engineers and technical staff were also made in order to understand the 
current operating system.  
 
On-site experiment  
On-site experiment was performed together with technical staff in a plant in Hammarby Gård. 
Before and after experiment, the plan and the result of the experiment were discussed. The 
purpose of the on-site experiment was to verify the parameters that were found from the 
previous test results and to propose an optimum transport condition. The test is planned based 
on the key parameters and the current operating condition in Sweden.  
Diagram 1 shows an overall flow of this study in order to propose an optimum transporting 
condition. Each step below corresponds to the one in the diagram.  
 
STEP 1: Review and analyze the previous test results and find key parameters that affect the  
               waste purity. These factors become key parameters in on-site experiments to be  
               verified.  
 
STEP 2: Make the first test plan by using the found key parameters  

   On-site test plan is designed based on the found parameters for organic waste    
   transport. The test is performed at a stationary plant in Hammarby Gård in     
   Stockholm.  Since no test has been made in the area so far, preliminary test is   
   performed before the main test in order to see how the system works under the  
   actual condition.  
 

STEP 3: Perform the test in accordance with the plan.  
   The test is carried out on site basically in accordance with the plan. In case the   
   planned conditions are not preferable for the actual operating condition, they will be  
   changed. Then analyze the result in order to verify if the parameters really affect the  
   waste purity.  
   After performing the on-site test, the result is analyzed by focusing on the  
   parameters and then observations and improvements are given for further step.  
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STEP 4: Develop the analysis and make a new test plan 
   Based on the test result, a new test is planned in order to verify new parameters that  
   are newly addressed from the test result for example, different bag material, no. of  
   bags for dispose, the design of inlets, and so on. The focus is put on setting up the  
   optimum operating condition.  

 
STEP 5: Repeat the step 2 and 3 until all possible parameters are verified.  
 
STEP 6: Complete the test conditions by using test results in order to propose the optimum    
               operating condition and then draw conclusion. Through on-site tests, factors for  
                 optimum operating conditions should be drawn and then the optimum conditions are  
               proposed. At the same time, the causes of waste impurity are also cleared. With  
               these objectives, the aims are achieved.  
 
 

 

 

 
 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 

 
 

Diagram1. Overall flow of the study 

STEP 6 

STEP 5 

STEP 4 

STEP 3 

STEP 1  

Causes of system impurity and 
the mechanism will be figured 
out through the tests.  

Parameters and the system in HMG  
e.g. Transporting  speed             
400 and 350 mm stationary system 
Bag quality                             
Organic waste fraction 
Transport distance 

Parameters 
e.g. No. of bags for inlet  
       Different bag material  
       AV opening time  

An optimum transporting condition 
 

Perform a test in accordance with the plan in HMG 

Repeat the same steps until key parameters are verified.   

Find factors that are supposed to affect the waste purity from previous test results 
 

STEP 2 

 
Based on the first test, new 
parameters and test 
conditions are arranged.  
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1.6    System boundary and System description 
 
System boundary was determined in terms of the operating system, geographical limitation, 
economical aspect, and the users’ aspect.  
 
Limitation for the operating system  
At present moment, the Envac’s system handles three different waste fractions, that is, 
organic, combustible, and newspapers. For the study, only organic waste was examined 
because it was more prioritized than other fractions, and besides it was assumed that the 
organic fraction might trigger the waste impurity. In this study, household organic fraction 
was examined since households mainly account for the service area and most waste are 
coming from them. The composition of the waste itself is however out of boundary.   
 
With regard to the operating system, the stationary system was used for this study. In 2009 
present, the other system called mobile systems is also working, however the computing 
system such as air pressure and facility’s design are different from each other. Therefore in 
order to limit the system function, only stationary system was examined. For the stationary 
system, a boundary was drawn from a process of disposal of waste bags into inlets and up to 
how the waste bags arrive at the container including effects during the transportation. In 
addition to it, the system design, for example, layout of pipes, the pipe design was also 
included in the boundary.  
Needless to say, the bag quality was in the boundary and examined in the stationary system in 
order to find the desirable quality for the system.  
 
Geographical limitation 
The geographical boundary affects the waste fraction and the composition, as well as people’s 
habit for waste sorting. Basically for this study, Hammarby Gård in Stockholm area was the 
object of the examination because in Hammarby area Envac has the large service area and it is 
still expanding, and therefore the result of this study will be worthwhile in order to increase 
the system utility there. In Stockholm, people’s habit for source sorting was relatively well 
concerning to organic fraction and the waste contains less moisture compared to the waste in 
other countries.  
 
Economical limitation 
Although operation cost was not really included in the boundary in this study, the system 
improvement aimed to reduce the cost. The cost reduction is often carried out by lowering the 
transporting speed and increasing the valve frequency. These costs were also out of the 
boundary, for example, cost for waste treatments in the incinerator and bio-gas plant or cost 
for waste bags were out of the boundary.  
 
Users’ limitation 
People’s habit for waste sorting and education for tenants were not included in this study 
because waste analysis in Hammarby Sjöstad showed well-sorting habit. As prerequisite, the 
tenants who are using the system in Hammarby Gård were regarded that they have already 
taken education for waste sorting and their sorting habit is well.  
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This section explains the general description of the Envac system.  
 
Physical System  
There are two different systems, stationary and mobile system.  In this study, the stationary 
system is the object.  
 
Below figure 1 (Envac, 2009) shows the operating mechanism of the stationary system and 
the numbers in the figure correspond to the detailed descriptions below 

Figure 1. Envac’s stationary system (Envac, 2009) 
 

(1) Waste bags are disposed to inlets by each waste fraction, and the inlets are installed 
either inside or outside in a residents area.  

(2) The bags are stored in a chute above a computer-controlled discharge-valve for a 
while until the valve is opened. In order to intake the air from outside, air-valve is 
open before opening the discharge-valve. One waste fraction is emptied and 
transported at a time.  

(3) Each fraction goes in to the main pipe that is installed under the ground. 
(4) At the collection station, fans create negative air pressure that sucks the waste bags to 

the terminal.  
(5) The waste bags are guided to the correct container by the fraction. 
(6) The used air is cleaned through filters before being released.  
(7) Larger fractions are compressed in the containers.  

 
Basically the system is operated by a computer at the main office not at the station. The waste 
is transported by means of pneumatic force.  
 
Bag quality 
 
For organic waste in the system, most of cases, customized compostable bags are used for 
collecting the waste. In Hammarby area, a biodegradable bag has been used shown in figure 3 
and 4. In other areas, for example, in a system in northern Norway, much thicker 
biodegradable bag was used shown in figure 5, and in the system in Eriksberg, Gothenburg, a 
paper bag has been used and provided by the municipality shown in figure 6-a,b . A Swedish 
supermarket called COOP also has biodegradable on the market shown in figure 7. Although 
this bag is not manufactured for the system itself, we used it for our study. All these bags aims 
to decompose easily at biological treatment plants.  
 
 
 



 13

Figure 3 Biodegradable bag ( Hammarby Sjöstad ) 
Material Biodegradable, cornstarch  
Thickness  17 µm 
Manufacturer Biobag Sweden 
Note  Previously used in Hammarby Sjöstad 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Biodegradable bag ( Hammarby Sjöstad ) 
Material Biodegradable, cornstarch  
Thickness  17 µm 
Manufacturer Biobag Sweden 
Note  Currently used in Hammarby Sjöstad 
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Figure 5 Biodegradable bag  
Material Biodegradable, cornstarch  
Thickness  35 µm 
Manufacturer Biobag Sweden 
Note  Temporarily produced for Optibag system in Norway   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6-a Paper  bag  for organic fraction (Gothenburg ) 
Material Compostable paper bag 
Thickness  - 
Manufacturer - 
Note  Previously used in Gothenburg 
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Figure 6-b :Back side of paper bag 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 COOP biodegradable bag  
Material Biodegradable, cornstarch  
Thickness  28 µm 
Manufacturer Biobag Sweden 
Note  Provided by COOP in Sweden, 2009 
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2.   Review of previous test results 
 
In order to find key parameters that affect the waste purity, previous 13 tests were analyzed 
and then summarized. The summary is treated as confidential. The previous tests were 
classified below categories in terms of the characteristics of the contents.  
 
Sampling test: Waste bags were picked up from the container at the terminal and examined. 
The aim was to evaluate the composition, the source, and the amount of waste.  
Bag test : Different quality bags and the condition were used for test, for example, 100  µm 
thickness or doubled bags. The aim was to observe the bag condition under several operating 
conditions and to find a desirable bag quality.  
Others : Tests except from above categories were fallen here.  
 
Based on the summary, following is the observations for organic waste fraction.  
 
Organic waste 
Sampling analysis showed careless sorting of the tenants. (There was no specific rate of it 
though.)  
It turned out that organic waste is one of the causes of the cross contamination because some 
of the bags did not arrive at the terminal or they were broken during the transport. Remained 
bags in the pipe, which were not transported by the proper operation, were dragged together 
with other fractions. And then waste fraction from the broken bags mixed with other fractions 
and in the end they caused the contamination.  Therefore the secure transport was really 
important. Following is some observations regarding to the waste bag that should be kept in 
mind.  
  

• The bag quality is important. Durable and thicker bag are preferable in order to avoid 
being broken or torn during the transport.  

• The bag should be tightly closed. Even if higher quality bags are used, they might be 
opened during the transport.  

 
From the analysis of previous reports (Norlenius. K and Noulenius T, 1993), there seems to 
be a relation between transporting speed and bag quality. This relation could be used to 
suggest an optimum transport speed. It has not however been cleared yet, rather it probably 
depends on the test conditions.  
 
As a result of the analysis, parameters that would influence on the purity are supposed to be:  

• Bag quality and the condition 
• Transporting speed (air pressure) 
 
 

It was however difficult to find clear tendencies or relations between waste impurity and 
transport distance, the amount of waste bags put-in, the order of waste collection, the valve 
frequency, or the transport time due to the lack of data  

 
Therefore on-site experiments were designed based on above factors along with current 
operating system.  
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3.   Waste Management and current situation in Hammarby Gård 
 
Hammarby Gård locates in the southeast of Stockholm and is governed by Stockholm 
municipality. Figure 8 shows the location. It is a part of Hammarby Sjöstad where the district 
has been developed in accordance with the urban development project; the municipality has 
imposed environmental requirements on buildings, technical installations, and the traffic 
environment. For example, the total energy and natural resources should be minimized as 
much as possible by means of renewable energy sources. Another example is that the use of 
waste and surplus heat and renewable energy sources should be promoted more (Fränne. L, 
2007).  
 
When it comes to the waste management in the area, following is some of environmental 
objectives that are imposed on waste and material flow. (Fränne. L, 2007) 
 

• 99% of all households’ waste that can be energy extracted shall be extracted to the 
year 2010, after reuse or recycling. 

 
• 80% of food waste shall by the year 2010 be going to biological treatment, where 

nutrients are used for plant growing and even the energy content is used.  
 

• Waste transports and recycled materials with large size of vehicles through the area 
shall be not exceeding 60% (vehicle-km) compared to conventional waste handling.  

 
In the district, waste is treated through the underground pipe system that is provided by 
Envac. With the system, three different fractions are at the moment treated 
(Hammarbysjostad.se, 2009).  
 
Organic waste : It mainly consists of food residues and a biodegradable bag is used for 
disposal. After collecting waste by the underground vacuum system, the organic fraction is 
transported to Sofielund in Huddinge where the fraction is converted to composted soil. The 
soil is used for parks in Stockholm, for example.  
 
Combustible waste : It contains plastic and paper materials that can not be used for 
recycling. The normal plastic bag such as plastic bag from super market is used for disposing 
the fraction for the system. After being collected at the station, the fraction is then transported 
to cogeneration plant in Högdalen in the south of Stockholm where the waste is converted to 
district heat and electricity through incineration.  
 
Newspapers : It depends on the area. In some areas, newspapers can be disposed though inlet 
by the Envac’s system. In other areas, newspapers are collected by being put into large 
containers that are placed at garages or under ground in the apartments, and collected by 
ordinal waste collecting vehicle. The fraction is then transported to a recycle plant and 
converted to recycled papers.  
 
Others : Waste fractions such as hazard waste and packaging waste are disposed by putting 
into large containers by the fractions that are placed at garages or under ground in the 
apartments and then collected by ordinal waste collecting vehicle.  
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Figure 8. The area of Hammarby sjöstad (City of Stockholm, 2009)  
 
 

Description of the current situation in Hammarby Gård  
 
Since 2005, a stationary waste collecting system has been operating in Hammarby Gård in 
Stockholm. The area has been extended from the existing system in Hammarby Sjöstad. The 
system is designed for collecting three different waste fractions, organic waste, combustible 
waste, and newspapers and for handling waste from 2100 households which correspond to 2.8 
tons waste per day (Envac reference, Hammarby Gård, 2009).  
A notability in the system in Hammarby Gård is that it has three different waste inlets and 
intends to promote source separation of household waste. This in the end contributes to 
effective waste treatments where organic waste is converted to biogas or bio-fertilizer, 
combustible waste is converted to waste heat by incinerator and newspapers is recycled at the 
paper mile.   
In the area, commercial plastic bag is used for combustible waste, for organic waste, 
biodegradable plastic bag that Stockholm municipality provides tenants is used, and 
newspapers are thrown away directly into the inlet.   
 
3.1   Problem description 
 
Recently in the system in Hammarby Gård, newspapers have been found in a bin for organic 
waste and vice versa. It ended up with causing so called a cross contamination.  Due to the 
cross contamination, the collection of the organic fraction in the stationary system was 
temporarily stopped. One of possible causes of the cross contamination is seen as the system 
failure, either in the operating system or the system design. Another possible cause could be a 
very thin biodegradable bag used for organic waste because it looks obviously easy to break 
during the transport and especially the welding point of the bag seems to be very weak. 
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Therefore in order to solve this cross contamination and to increase the system utility, we 
conducted on-site tests focusing on collecting of organic waste fraction. 
 
In this study, the problem to be addressed is : 
A certain degree of cross contamination that limits transport of pure waste fraction, especially 
organic waste transport in Hammarby Gård.  
 
 
4.   On-site waste transporting tests in Hammarby Gård 
 
On-site waste transporting tests were planed and then performed in the stationary system in 
Hammarby Gård. The test frameworks were designed in accordance with the possible 
parameters that are supposed to affect the waste purity, for example, bag quality and 
transporting speed. Before performing the main tests, several preliminary tests were made in 
order to understand how the system works along with the designed test plans. The result of 
the tests is treated as confidential.  
 

5.   Discussion and Conclusion  
 
From theoretical and practical study, it turned out that the bag quality is the most important 
factor that affects the waste purity. Base on the test results, a desirable bag and a transporting 
condition were proposed. The optimum transporting speed seemed to be determined 
depending on the bag quality. Therefore our priority to propose the optimum condition was 
firstly put on the bag quality and then on the transporting speed.  
With regard to the optimum transporting speed, in the on-site tests we changed transporting 
speed depending on the pipe diameter since the system consists of two different pipe 
diameters. Therefore when the result is generalized and applied to other systems which have 
different pipe diameter, this should be kept in mind.  
 
Optimum conditions 
From the result of on-site tests, the optimum operating conditions that keep more than 90 % 
of transporting rate was proposed depending on the bag quality. The detailed conditions are 
treated as confidential.  
 
Since bag quality had been supposed to be the most significant factor for the waste purity, in 
order to verify it four different bag materials were examined in this study. As a result, the 
thickest bag, or 35 µm biodegradable carrying bag seemed to be the most desirable material 
for the system for both short and long transporting distance. In addition to the thickness, we 
found that high welding intensity is also important; otherwise bags break very easily or get 
empty from there and it ends up causing the cross contamination. Regarding to the bag 
design, if the bag is carrying type such as COOP or 35 µm biodegradable bag, it is easy for 
uses to tie it firmly. This can avoid letting the wastes fraction out from the bag during the 
transport and help prevent the cross contamination.  
 
From the test result, a backward sucking was observed at the Y-pipe section in the system. If 
some bags are dragged to the wrong direction at the Y-pipe, they do not arrive at the terminal 
but instead remain there and finally they are dragged by the sequential run. This shows that 
backward sucking definitely causes the cross contamination. Therefore if the system has Y-
pipes, the possibility of backward sucking should be considered.  
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AV opening time also affects the operating condition. If AV has not opened with enough 
time, all bags in a chute do not enter the main stream by one suction, instead remain in the 
system and finally they are dragged by sequential suctions. The time seems to be proportional 
to the transporting distance. In this study, since the time was determined arbitrarily, more 
investigations should be done if we want to increase the accuracy.  
 
Achieve the maximum purity 
Bag should have enough thickness and should be designed with high welding intensity. For 
paper bag, tapes for closing the bag should be strong enough. For a biodegradable and a 
plastic bag, carrying bag design is also recommendable because it is easy for users to tie it 
firmly.  
Backward sucking should be taken into account when the system has Y-pipes because it is 
one of the causes of the cross contamination.  
Cleaning run after each run is recommendable to avoid the cross contamination.   
 
Recommendations  
Since the result does not cover the latest paper bag in Gothenburg and ordinary plastic bags 
such as bags from supermarkets, further study is recommendable.  
This study brought about very positive result and useful suggestions and therefore the results 
will help to develop the system.  
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