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1. Introduction
This manual describes systems for sorting of waste with the purpose to utilize its 
content for energy recovery. The aim is that the manual can be used by authorities 
and companies to increase the utilisation of waste for energy products.

The manual is one of the outputs from the REMOWE (Regional Mobilizing of Sus-
tainable Waste-to- Energy Production) project. REMOWE is one of the projects 
within the Baltic Sea Region Programme. The overall objective of the REMOWE 
project is, on regional levels, to contribute to a decreased negative effect on the en-
vironment through reducing carbon dioxide emission by creating a balance between 
energy consumption and sustainable use of renewable energy sources. Reduction 
of carbon dioxide emissions and use of renewable energy sources are broad areas 
and REMOWE focuses on energy resources from waste and actions to facilitate the 
implementation of energy efficient technology in the Baltic Sea region within the 
waste-to-energy area. The problem addressed by the project concerns how to fa-
cilitate the implementation of sustainable systems for waste-to-energy in the Baltic 
Sea region and specifically, in a first step, in the project partner regions.  The proj-
ect partnership consists of Mälardalen University, with the School of Sustainable 
Development of Society and Technology coordinating the project, and The County 
Administrative Board of Västmanland in Sweden, Savonia University of Applied 
Sciences, Centre for Economic Development, Transport and the Environment for 
North Savo, and University of Eastern Finland in Finland, Marshal Office of Lower 
Silesia in Poland, Ostfalia University of Applied Sciences Braunschweig/Wolfen-
büttel in Germany, Klaipeda University in Lithuania, and Estonian Regional and 
Local Development Agency (ERKAS) in Estonia.

The manual is based on an investigation of experiences from some of the project 
partner regions and information from literature. Chapter 2 presents a summary of 
the main steps of implementation of sorting of waste, based on experiences mainly 
from the project partner region in Sweden and reports/literature dealing with the 
subject. Chapter 3 provides information about the sorting of waste from literature 
such as previous reports and journal papers. Sorting systems and experiences from 
using them in Sweden are then described followed by a description of the current 
situation for the sorting of waste in Western Lithuania. The last chapter considers 
mechanical sorting systems used in Poland.

All pictures in the report have been taken/done by the authors unless indicated 
otherwise.
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Figure 2.1. The process for and important issues in implementing sorting of household 
waste for energy utilization.

2. Implementation of sorting of waste for energy utilisa-
tion

The main steps in the implementation of sorting of household waste for energy 
utilisation are summarised in Figure 2.1. Important issues and examples based on 
experiences in Sweden, Poland and Lithuania and reports/literature dealing with 
the subject are included.
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3. Sorting of waste for waste-to-energy purposes pre-
sented in previous studies

McDoguall et al. (2008) point out the importance of the waste collection and sort-
ing system for the possibilities of further treatment or use of waste. On the other 
hand, they also stress that the available markets or potential for markets for the 
products from collection and sorting also determine what collection and sorting 
systems are possible. Some findings and discussions from previous studies on the 
collection and sorting of different types of waste are presented.

3.1. Municipal solid waste

Several studies have shown that sorting of waste into several different categories in 
households is possible with a very high success rate, over 95 % (McDoguall et al., 
2008). However, the degree of sorting is dependent on the motivation for sorting 
and McDoguall et al. (2008) refer to studies done in North America and UK in the 
1990s with voluntary participation rates in households sorting ranging from 60 up 
to 90 %. According to these studies, the level of convenience, frequency of collec-
tion, reliability of collection, housing type, and level of environmental awareness 
are factors that can influence the participation rate and separation efficiency. It 
has been shown that the participation rate is usually lower for households in multi-
family high-rise buildings than for households in single-family houses. The reliabil-
ity of collection has been shown to be important for the participation rate. Dahlén 
and Lagerkvist (2010) studied collection systems and the decisive factors for the 
results of recycling programmes and concluded that the evaluation of collection 
and recycle programmes always to some extent will be site specific. In a literature 
review they found 43 factors that have been shown to influence the result of recycle 
programmes but point out nine factors of special importance: 

•	 type	of	collection	system
•	 the	number	and	type	of	materials	collected	separately
•	 mandatory	or	voluntary	programmes
•	 use	of	economic	incentives
•	 information	strategies
•	 residential	structure
•	 socioeconomic	differences	(education,	income	etc.)
•	 private	composting
•	 availability	of	alternative	places	for	discharge

Further they point out the importance of reliable waste generation and composition 
data in the development of waste management strategies and the lack of interna-
tional standards. 

The variables affecting the recycling behaviour of households can be classified in 
different ways, for example in terms of four theoretical groups: social-psycholog-
ical, technical and organizational, individual socio-economical and study specific 
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(Miafodzyeva and Brandt, 2011). Dahlén (2008) classified these variables into 
three categories: factors that can be controlled by local/regional waste management 
strategies, factors that can be controlled by national waste management strategies 
and factors that are beyond the control of waste management strategies. In waste 
management planning the factors that can be controlled in waste management are 
of particular interest. These factors are presented i Table 3.1. Production and con-
sumption rate, the economy of households, residential structure, family life cycle 
and other cultural and socio-economic differences are examples of factors that are 
beyond the control of waste management strategies.

Factors that can be controlled by local/
regional waste management strategies

Accepted level operating cost
Waste management objectives
Technical design of collecting equipment and ve-
hicle
Type of waste materials collected separately
Mandatory and voluntary recycling programs
Type of collection charges; monetary incentives
Information strategies and clarity of sorting in-
structions
Education programs (e.g. school programs, me-
dia)
Provision of indoor equipment for sorting (e.g. 
bins under the kitchen sink) and if so, type of 
equipment
Encouragement of private composting (e.g. pro-
viding composting equipment and/or instruc-
tions)

Types of waste material collected close to prop-
erty (curb side)
- Convenience and simplicity of collection sched-

ules
- Types of bins and/or sacks
- Ownership of and cleaning responsibility for 

bins

Types of waste material collected with bring sys-
tems
- Convenience of location of drop-off systems 

(natural through routes, distance from homes)
- Function and attractiveness of drop-off point

Use of food waste disposers
Availability of alternative places for disposal (e.g. 
recycling centres)
Administration of the collection systems (e.g. 
coordination in the region, operator ownership)

Factors that can be controlled by national 
waste management strategies

Level and type of financing that is accepted and 
legal
Legislation (e.g. producer responsibility)
National economic incentives (e.g. waste taxes)
Levels of public education and awareness of 
waste issues

Table 3.1. Examples of factors influencing the output of source –sorting programmes in 
household waste collection systems (Dahlén, 2008)
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1 ‘Recyclables’  see  more in 4.1.1 Extended Producer Responsibility 

3.1.1 Collection of household waste

Two main collection methods can be identified for household waste: bring system 
and collection close to properties (McDoguall et al. , 2008; Dahlén, 2008).The first 
method can then be further divided into different categories depending on the dis-
tance from home to the collection point (McDoguall et al., 2008).

Recycling centres (for example for glass recycling) is one example of a bring collec-
tion system. The density of centres influences both the amount collected and the 
cost for operating the collection system. According to McDoguall et al. (2008) not 
very much is known about optimal centres densities.

Collection of waste at private homes can be made in several ways for example in 
containers for different sorted fractions collected with a collecting vehicle with dif-
ferent compartments for different fractions or collected at different times. Further-
more, source-sorted materials can be collected separately or mixed. Mixed collected 
materials can be sorted manually or mechanically at material recovery facilities or 
sorted in the collection vehicle by the vehicle operator. Sometimes, optical sorting 
techniques are applied to sort color-coded bags for specific material collected in the 
same bin. (Dahlén, 2008; McDoguall et al., 2008). 

A pick analysis study on Swedish household waste (Avfall Sverige, 2011a) shows 
that the collection system is important for waste amounts, for the composition of 
waste, for the source separation rate and biowaste sorting efficiency: 

•	 the	amount	of	food	waste	and	residual	waste	in	single-family	households	is	
lower in the collection system using quarto select bins than the collection 
system using separate bins

•	 the	amount	of	packaging	and	paper1 (in kg per household per week) in the 
fraction of residual waste from single-family households with collection sys-
tem using quarto select bins is lower than with the collection system using 
separate bins

•	 with	separate	bins	the	purity	of	food	waste	is	slightly	higher	in	those	munici-
palities that use paper bags than in those who use bioplastic bags 

•	 in	single-family	houses	the	source	separation	rate	of	food	waste	is	higher	in	
the system using quarto select bins than in systems with separate bins for 
food waste.

Collection of biowaste 

Biowaste can be collected in bins, plastic bags, paper bags with a biodegradable 
moisture barrier or biodegradable polymer bags. An advantage with using paper 
bags is that it allows for evaporation and therefore reduces the bad smell. When col-
lecting biowaste the risk for leaking leachate in the collecting vehicle must be con-
sidered. The collecting schedule is also an important parameter concerning waste 
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management systems. An alternating collecting schedule is often necessary if more 
than three fractions are collected. (McDoguall et al., 2008) 

The development work and problems with different techniques for the collection 
of food waste in Sweden was recently investigated with focus on technical issues 
(Henriksson, 2010). The collection systems used in Sweden are included in the 
study. The study shows that there are several technical solutions for collecting and 
using food waste but that none of them provide an optimal solution for the whole 
logistic chain. In Table 3.2 a summary of the different solutions and problems iden-
tified by Henriksson (2010) is presented. 

Several different kinds of collection vehicles are used. Corrosion and leakage are two 
common problems for the collection vehicles collecting food wastes. At the plants, 
receiving the waste, the bio plastic and plastic bags cause problems with clogging of 
different equipment like pumps, gratings and rollers. Also corrosion problems have 
been identified at the plants. On-going development has been identified concern-
ing the quality of the paper bags to be able to use them in waste suction machines, 
systems for collection of food waste by suction directly from each apartment, sort-
ing, and disposers connected to separators. A conclusion of the study is that bags, 
vessels and sorting equipment for the collection of food waste need to be further 
developed. (Henriksson, 2010)

3.1.2. Central sorting of household waste

Collected mixed household waste can be sorted after collection. Both mechani-
cal and manual sorting and a combination of the two are possible. The mechani-
cal steps can include assembly and sorting by material properties like size, shape, 
mass, magnetism and colour (McDoguall et al., 2008). Henriksson (2010) men-
tions an interest to develop sorting equipment for sorting food waste from combus-
tible waste but that it can cause a conflict with the Swedish environmental goals, 
which state that the waste for biological treatment should be source-sorted.

3.2 . Industrial waste

According to a study conducted by Avfall Sverige (2009) the knowledge about waste 
from other sources than households is not as good as the knowledge about house-
hold waste. Still it is known that many industries have what is called “clean” waste 
streams, types of waste consisting of one material (for example metal or paper), 
that in most cases are recycled. However, some of those materials are also combust-
ed and among them a large proportion of the plastic waste. Concerning mixed waste 
with the potential for further use two sectors are identified; the building sector and 
the service sector. Most of the mixed waste is combusted today but an increased 
recycling of material might be possible. (Avfall Sverige, 2009)

Mixed industrial waste can be sorted with a lifting crane, taking away metals and 
hazardous waste and then crushing it resulting in a solid fuel fraction that can be 
used for heat and power production in larger scale plants. For example Ekokem in 
Kuopio, Finland, has one such plant. 
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The study by Henriksson (2010) concerning the development work and problems 
with different techniques for the collection of food waste also considered food waste 
from restaurants and institutional kitchens and stores. The variation in collecting 
systems is much larger for the latter category than for household food waste. Be-
sides the systems described in Table 3.2, it is also possible to sort food waste directly 
in the collection vessel that is then exchanged to a new one at collection and in a dis-
poser connected to a collection tank. The use of bioplastic bags is more common for 
food waste from restaurants and institutional kitchens and stores than from house-
holds. The problems identified for the collection of food waste from households are 
also found for collection from restaurants, institutional kitchens and stores. How-
ever, the most common problem here is that the waste is too wet, dirty collection 
vessels and misplaced waste. A problem identified for the stores is the difficulty to 
get rid of packed food wastes. A solution recommended by several municipalities as 
a very good solution for the collection of food waste from restaurants and institu-
tional kitchens is the use of a disposer connected to a collection tank.
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Table 3.2. Solutions for food waste collection and problems identified in Sweden (Hen-
riksson, 2010) 
Collection point 

 

Households 

Single-family 
houses 

Apartment blocks

Solution
The most common is marked in bold.

Paper bags

Bioplastic bags

Plastic bags

Disposer

Ventilated vessel

Closed vessel 

Vessel with several 
compartments

Optical sorting of plastic bags

Other

Separate vessels

Waste suction machine (stationary or 
mobile)

Bag stand 
 
Optical sorting 

Garbage chute with separation wall 
(textile, called Sock Sophia) 
 
Underground vessel

Problems
The most common is marked in bold.

durability, wetting through the 
bag, user put in plastic bag   
 
durability, wetting through the bag, 
user put in plastic bag   
 
No problems 
 
Not reported 
 
misplaced waste, mould, ice-bound 
waste, fly maggots/flies, odour, 
dirty vessel  
 
misplaced  waste, mould, ice-
bound waste, fly maggots/flies, 
odour, dirty vessel
 
misplaced waste, mould, ice-bound 
waste, fly maggots/flies, odour, 
dirty vessel 
 
misplaced waste, fly maggots/flies, 
odour, dirty vessel 
 
Not reported 
 

misplaced waste, mould,  ice-
bound waste, fly maggots/flies, 
odour, dirty vessel, leachate prob-
lems, heavy vessels, large space 
demand
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4. Examples from Sweden
In Sweden the municipalities have the responsibility to take care of all waste pro-
duced within its territory. The responsibility for household waste collection is di-
vided between local authorities and the producers (as defined in the Ordinance on 
Producer Responsibility). Municipalities own most of the disposal infrastructure 
while the private sector has mostly invested in collection systems and in recycling. 

The waste management system in two municipalities in Sweden, Västerås and Es-
kilstuna, has been studied and is further described below. Västerås is the biggest of 
eight municipalities in the County of Västmanland, while Eskilstuna is the biggest 
of nine municipalities in the County of Södermanland. In the case of Västerås the 
waste management company is owned not only by the municipality, but by all mu-
nicipalities in the County of Västmanland and also by two municipalities (Enköping 
and Heby) outside the county; all these municipalities constitute the ‘VafabMiljö 
region’. Accordingly, waste management in Västerås, as described in this manual, 
applies to all municipalities in the ‘VafabMiljö region’. The focus is not only on the 
pure technical aspects of source sorting waste but also on the acceptance of the sys-
tem. A source sorting system is built on the acceptance and understanding of the 
customer and without it the system can never function. 

In Eskilstuna and Västerås, the organic fraction of the municipal solid waste has 
been source sorted by the households since 2006 and 1997 respectively. The or-
ganic fraction collected in Västerås was earlier used for composting to produce soil 
for public gardens but has since 2005 been anaerobically digested. In Eskilstuna a 
new source sorting system was implemented specifically to produce a substrate for 
the production of biogas. Today the organic fraction in both municipalities is used 
for producing biogas for the local bus companies, taxi companies and private car 
owners.

4.1 . The Swedish policies and regulations

The waste management system in Sweden has changed a lot during the last 20 
years as new policies and laws have been introduced to increase recycling and the 
sustainability of the waste management. The final goal is that all waste streams 
should be taken care of, reused and recycled as far as possible and only the waste 
that cannot be treated in any way is allowed to be put in a landfill. 

The regulations that have influenced the development of waste management in 
Sweden the most is Extended Producer Responsibility (EPR), landfill tax and land-
fill bans. It should be mentioned here that it is not only the regulations that have 
changed. During this time public environmental awareness has increased and peo-
ple are generally more prepared to change their behaviour to put in an effort for the 
sole purpose of environmental care. 
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4.1.1 Extended Producer Responsibility

In 1994 the Swedish Ordinance on Producer Responsibility was introduced (SFS 
1994:1235), built on the polluter pays principle, stating that the producers of pack-
aging (plastic, metal, glass and cardboard) and paper/newsprints are responsible 
for taking care of the waste and recycling it. For these packing materials and news-
print, described henceforth as ‘recyclables’, separate collection and recycling sys-
tems are established. 

The producer responsibility has since then been extended to include batteries, elec-
trical and electronic products (e.g. computers, kitchen appliances and light bulbs), 
tires, cars and some specific radioactive products. To organize the collection and 
recycling of the materials the business and industry have together established com-
panies that handle the practical implementation of the laws; the company for the 
packaging and newspaper collection, FTI (Förpacknings- och Tidninginsamlingen) 
and the company for the collection and recycling of used and graded glass contain-
ers, Swedish Glass Recycling (Svensk GlasÅtervinning AB). According to the same 
regulations the customer is also required by law to sort his/her waste and leave it at 
the available collection sites. The legislation on EPR obligates producers of goods 
to meet statutory targets for recycling. 

4.1.2. Landfill tax

The tax on landfilling waste was introduced in 2000 at the rate of 250 SEK (about 
27 €) per ton. In 2002 the rate was increased to 288 SEK, in 2003 to 370 SEK 
(about 40 €). The current rate is 435 SEK per ton. According to the Swedish EPA, 
the impact of the tax in terms of increased recycling and reduced landfilling has 
been considerable (EPA, 2011). 

4.1.3. Landfill bans

According to the ban on landfill of combustible waste from 2002 all combustible 
materials should be sorted out of the waste. In 2005 the ban on landfilling was 
extended to include organic material as well (SFS2001:512). This has led to a devel-
opment of different treatments of combustible and organic waste, such as combus-
tion, composting and anaerobic digestion. 

4.1.4. Food waste

In accordance with Sweden’s environmental objectives 35 % of all food waste 
should be recovered through biological treatment by 2010. Systems for the collec-
tion of food waste are used in more than half of the 290 municipalities in Sweden. 
60 municipalities are planning to introduce them. In 2009, about 21 % of the food 
waste from households, restaurant and shops was recovered by biological treat-
ment in Sweden. The corresponding figure for the County of Västmanland was 60 
% (BiogasÖst, 2011).
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Fig 4.2. The collecting system of household waste in Sweden.

4.2. The collecting systems 

In Sweden both the bring systems as well as property-close collecting systems are 
well developed, see Figure 4.2.

The bring system consists of two systems: drop –off points (see Figure 4.3), i.e. 
collection points where households bring sorted recyclables, and recycling centres 
(see Figure 4.4), which unlike drop-off points also cater for bulky waste, garden 
waste, electronics products and hazardous waste. The information about collection 
points in different municipalities in Sweden are to be found on the webpage of the 
company for the packaging and newspaper collection, FTI (2011). There are a total 
of 5,800 recycling stations in Sweden and they are placed in public places, usually 
at the shops, petrol stations and in residential areas (FTI, 2011).

Property-close collection refers to collection at single-family houses, as well as col-
lection from the premises of apartment blocks. The property-close collection in the 
last case can be both indoor and outdoor (see Figure 4.5). The big difference re-
gards the collecting of recyclables. Collecting systems at apartment blocks cater not 
only for collection of food waste (in the municipalities with sorting of this fraction) 
and residual waste but also for collection of recyclables as well as for light bulbs 
and batteries. The property-close collecting at single-family houses varies between 
municipalities, from two fractions – food waste and residual waste, as is the case 
in the VafabMiljö region and in Eskilstuna, to all recyclables and eight fractions in 
total as is the case in municipalities in the south of Sweden, using quattro select 
bins (see Figure 4.6).
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Figure 4.3. The pictures show an example of a drop-off point placed at one of the parking 
places at Mälardalen University.
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Figure 4.4. The pictures show examples from a recycling centre. The scheme shows a 
recycling centre in the municipality of Uppsala (Uppsala Vatten, 2001), used with permis-
sion.
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a) Outdoor collection. The pictures at the top show bins used for residual waste. The red 
boxes on the picture at the lower right corner are for batteries and bulb lights.

b) Indoor collection.

Figure 4.5. Property-close collection of waste at apartment blocks, a) outdoor and b) 
indoor.



21

Figure 4.6. A four fractions system for 
collection of waste using quattro select 
bins. Picture from PWSAB (PWSAB, 
2011) used with permission.

Bulky waste, which corresponds to about 30 % of the household waste, is most com-
monly collected at recycling centres. About 70 % of the bulky household waste can 
be used as an energy resource (30 % combustible waste, 25 % wood waste, 15 % 
garden waste). Most municipalities think that the recycling centres are cost effec-
tive and give a good separation of the waste fractions. Still several municipalities 
also have systems for collecting the bulky waste at the private homes and the main 
argument for this is better service. The systems used are collecting from bulky waste 
rooms in block houses, bringing out containers at specified times or collecting on 
command from the households. (Avfall Sverige, 2010). While the municipalities in 
Sweden seem to be satisfied with the separation of the waste at the central collec-
tion point for bulky waste, McDoguall et al (2008) refer to studies that have shown 
that materials collected at home are less contaminated (1-32%) than materials col-
lected in bring systems (35-56%).

4.3. Sorting for combustion

The waste used for combustion can come from several different sources. In Swe-
den regulations state that household waste used for combustion should not include 
hazardous waste, batteries, electrical waste, packages, newspaper or metal which 
should be sorted out. It is also recommended that plaster is sorted out form the 
waste used for combustion. (Avfall Sverige, 2011d)

Today the sorting is mainly directed towards removing inert material and can in-
clude steps such as crushers, magnets and sieves. The available equipment has dif-
ferent levels of automation and in some plants a high degree of the sorting can be 
made by the plant staff even though the development is towards more automation. 
In The County of Västmanland the company Mälarenergi AB will build a new waste 
combustion plant that will be able to use different types of waste as fuel. The equip-
ment for removing inert material will be included in the plant delivery. (Ericsson, 
2011) 
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4.4. Source sorting in Västerås

The waste management company in Västerås is a regional waste company. It is 
owned by all municipalities in the County of Västmanland (Arboga, Fagersta, Hall-
stahammar, Kungsör, Köping, Norberg, Sala, Skinnskatteberg, Surahammar and 
Västerås), as well as by the municipalities of Heby and Enköping. In Västerås there 
are 6 recycling centres and 43 drop-off recycling stations.

4.4.1. Sorting in Västerås

The different subscriptions available for a single family household can be seen in 
Table 4.1. 

Table 4.1. Waste collection subscriptions for a single family household. The price example is 
calculated as the sum of fixed and variable costs with the smallest collection container/contain-
ers chosen and pick up every other week.

Subscription  Description     Costs (€)

Home composting Compost & container for residual waste  207
Source sorted waste Container for organic waste & residual waste  228
Mixed waste  Container for mixed waste    490

Further fees in this region can be seen in appendix 1. Home composting is the 
cheapest subscription closely followed by the source-sorted waste subscription and 
in comparison to these two the cost for the mixed waste subscription is very high. 
All household waste, including packages and newspaper, is normally collected in a 
common waste collection house/room for apartments but packages and newspa-
pers are not collected at single family houses; the customers need to bring them 
to recycling centres and 43 drop-off recycling stations. The single family houses 
normally have one or two plastic containers for onsite collection depending on 
their subscription. The waste is collected in 120-600 l green or brown containers 
on wheels. The green container is used for the residual waste as well as for the non-
sorted mixed waste. The brown container is for the organic household waste and is 
equipped with a number of ventilation holes to dry the material as much as possible 
before collection. The container is collected either once a week or every other week 
depending on the customer’s requirements.

The organic household waste is sorted in small paper bags (see Figure 4.7), pro-
tected from water by a waxy surface while allowing moisture to evaporate. The pa-
per bags allow the waste to dry during storage in the homes and waste containers 
to reduce some of the smell problems, the transportation costs and problems with 
leachate. This system also makes it easier to spot wrongly sorted materials (plastic 
bags put in the container for paper bags) and also leaves the option to remove those 
bags manually or otherwise at the sorting facility. 
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The home composting subscription is only available for customers that have their 
own compost and for whom collection is only needed for residual waste. If you have 
your own compost for organic waste there are of course some rules that have to be 
followed to avoid problems like smell, rats and other vermin.

In the source-sorting alternative there are two different fractions to sort, organic 
and residual waste. Customers living in single family houses, without a common 
waste collection facility, have two containers in which to separate the household 
waste, one for organic waste and one for residual waste. The residual waste is col-
lected in the green container and the organic waste in the brown container.

In the mixed waste subscription all waste is collected in the same container but at 
a much higher cost. 

4.5. Source sorting in Eskilstuna  

Eskilstuna Energy and Environment (EEM) is a waste management company 
owned by the Eskilstuna municipality in Södermanland. In Eskilstuna there is one 
recycling centre and 41 drop-off recycling stations. 

4.5.1. Sorting in Eskilstuna

The household waste in this city is collected in six differently coloured bags also 
including some of the packaging sorting. The source sorting in Eskilstuna includes 
green plastic bags for organic waste, orange bags for plastic packages, yellow bags 
for paper packages, grey bags for metallic packages, blue bags for newspapers and 
white bags (normal bags from the supermarket) for burnable waste. The bags are 
then collected in the same container, transported in the same garbage truck and 

Figure 4.7. Paper bag used for the collection of 
food waste in VafabMiljö region. On the front of 
the bag it is clearly stated that the bag is for “bio-
waste” and that this waste will be used for biogas 
production, not composting.  In many other mu-
nicipalities the paper bags for the food waste are 
called “composting bag”. 
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sorted automatically by optical sorting in a centralized waste sorting facility, Lilla 
Nyby. The waste is collected in 190-660 l containers on wheels. The container is 
collected from once a week up to four times a week or every other week depending 
on the household requirements.

The different subscriptions available for a single family house in the EEM region 
can be seen in Table 4.2. Further fees from this region can be seen in appendix 2.

Table 4.2. Waste collection subscriptions for a single family house. The price example is 
calculated as the sum of fixed and variable costs with the smallest collection container/con-
tainers chosen. Pickup intervals vary from once a week for biowaste, every other week for 
other types of sorted waste and mixed wastes to pickup every four weeks for source sorting 
when a compost is used.

Subscription  Description     Costs (€)

Home composting Compost & container for sorted waste  209
Source sorted waste Container for sorted waste    360
Mixed waste  Container for mixed waste    480*

*the price includes an environmental fee of 131 € that does not have to be paid if EEM cannot supply 
the source sorting alternative at that location

The home composting subscription is only available for customers that have their 
own compost and for whom collection is only needed for residual waste. In the con-
tainer for sorted waste the waste is separated in the differently coloured bags for 
optical sorting at the waste sorting facility. In the same way as in Västerås there are 
rules that have to be followed to avoid problems like smell or problems with rats 
and other vermin if you have your own compost for organic waste.

In the normal source-sorting subscription the customers only need the container 
for sorted waste where the waste is separated in the differently coloured bags for 
optical sorting at the waste sorting facility.

In the mixed waste subscription all waste can be collected in the same container 
without sorting but at a higher cost. Because the infrastructure of the waste collec-
tion is still being established there is an extra fee for the households that have been 
offered the source sorting alternative but not accepted it. 

4.6. Implementation of the source-sorting system 

Acceptance of the source-sorting system by the customers is a key issue of its suc-
cess (McDoguall et al. 2008). Many of the source-sorting systems used in Sweden 
have evolved over time increasing the involvement of the customers in pre-treat-
ment of the waste step by step. The system (or alternative systems) should be tested 
in a limited scale to investigate both possible technical problems and to get the 
opinions of the customers (Lundkvist, 1997). 
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Waste taxation works as an economic incentive for the customer to sort their waste, 
making other alternatives more expensive. The fees associated with the waste col-
lection in the case of VafabMiljö and EEM have two parts, one fixed cost that all 
households pay and one variable cost depending on what subscription is chosen. 
The system is built in such a way that the customer has a freedom to choose how 
his/her waste collection should work with the different subscriptions but the costs 
are lower for sorting your waste. The pricing is built in such a way that the customer 
saves money by taking responsibility for sorting the waste and the waste company 
can influence by pricing which type of subscription they want the customers to choose. 
It can be an advantage to deliver the waste bags to the customer and let the cost for 
the bags be included in the waste tax since the burden of acquiring the consumable 
bags is often meet by scepticism from the customers (EEM, 2011).

Another important issue for the customer is the space requirements to sort the 
waste inside the household and equipment to do so. To simplify the transition, good 
examples of how the sorting systems could be implemented should be given to the 
customer. In Eskilstuna and Västerås the information material contains illustra-
tions of how the different containers for sorting waste can be arranged under the 
sink and the suggestion that dry materials like packaging can be stored elsewhere 
in the household (no hygienic or smell problems with paper packaging and news-
papers for example) if there is not enough space under the sink. The containers 
for sorting should be easy to buy in stores in the area or be supplied by the waste 
company (extra fee or included in the waste tax). The space issue and the lack of 
containers can be causes of irritation among the customers. (EEM, 2011)

Sweden belongs to the world leaders in waste management (Avfall Sverige, 2011d), 
still the quantity of waste that is recycled can increase significantly (Ambell, 2010). 
In the Swedish innovation process within the REMOWE project some of the ideas 
submitted concerned recycling and sorting at home (Guziana et al, 2011), for ex-
ample recycling bin solutions for small spaces and a more user-friendly design of 
recycling bins; see Fig. 4.8. Different coloured code for bins for fractions of recyc-
lables was also proposed.

Figure 4.8. It can be difficult to 
handle the lid of big recycling bins 
and at the same time put the sorted 
waste into the bin.
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4.6.1. Sorting of food waste 

The goal of recovering 35 % of all food waste by 2010 was not achieved. The system 
for food waste collection is established in half of the municipalities, 60 others are 
working with developing or implementing systems for food waste sorting. There 
are different initiatives to encourage other municipalities to take care of food waste. 
One of them is a report by Biogas East (BiogasÖst), a regional organisation promo-
ting biogas in mid-eastern Sweden since 2008,” Food waste became biogas. Five 
good examples” (BiogasÖst, 2011) and a report published by the branch association 
Swedish Waste Management (Avfall Sverige) “Help for introduction of system for 
collecting sorted food waste” (Avfall Sverige, 2011a). The latter report contains a 
description of possible collection systems with technical descriptions and examples 
of appropriate collection vehicles, common collection intervals, increased cost for 
containers, information, and more. It also contains a guide what the municipali-
ty should consider when establishing a scheme for the collection of food waste to 
be introduced. The guide is also published separately “Manual for implementing 
collection of sorted food waste” (Avfall Sverige, 2011b). According to the manual 
success factors for the introduction of collection of source-separated food waste are 
mainly of “soft” character. It is planning, adequate human resources, information 
and monitoring and control, i.e. factors that are not really related to a specific de-
sign of the collection system. One conclusion to be drawn from this is that how the 
work with the system is conducted, both the introduction and operation, is more 
important than any collection system chosen. Different collection systems have 
their pros and cons. The most important thing is that the systems are well adapted 
to the current municipality. Examples of issues that should be taken into consider-
ation according to the manual: 

•	 The	introduction	of	the	sorting	of	food	waste	is	a	project	that	requires	plan-
ning. The feasibility study should answer the question if food waste collec-
tion will be introduced in the municipality and if so, why.

•	 It	is	important	to	enthuse	and	engage	the	entire	organization	as	early	as	pos-
sible, from the collection personnel to management and decision makers. 

•	 The	choice	of	collection	systems	should	be	based	on	the	objectives	and	cir-
cumstances of the municipality in question.

•	 Collection	from	single-family	houses,	apartment	blocks	and	businesses	are	
different operations, and this needs to be reflected in the choice and design 
of the collection.

•	 If	the	collection	is	a	“food	waste	project”	in	addition	to	the	collection	of	food	
waste, the construction of the treatment facility, pre-treatment, treatment 
and disposal of products should also be considered in parallel.

•	 It	is	important	to	follow	up	the	results	of	collecting	and	to	give	the	house-
holds feedback on their sorting activities.

The importance of a clear and well established goal for the introduction of food 
waste collection is stressed in the manual. The objectives should reflect the munici-
pality’s aim for the collection, such as:
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•	 Production	of	biogas
•	 Reversal	of	the	nutrient	substance
•	 Proportion	of	households	and	businesses	who	sort	food	waste
•	 Share	of	food	waste	for	biological	treatment
•	 The	purity	of	the	collected	food	waste
•	 The	degree	of	separation	from	sorting	households	and	businesses	

Experiences from Västerås2

 
The experiences from building the system for recycling biowaste in Västerås sug-
gest that the psychological aspects, people’s behaviour and motivation should be 
given priority in the beginning (Vafab Miljö AB, 2011). The direct contact with the 
affected residents and the close interaction with the customers were considered 
important. The goal of reaching 80 % of households with verbal information was 
implemented in four steps: 1) large meetings (about 500 households were invited 
per session,; about 10 % of those invited came to these assemblies); 2) arranged 
meeting places in schools and in supermarkets 3) knock on doors 4) phone calls. 
The cost of printed information amounted to 25-30 SEK per household and infor-
mation campaigns by mail have been carried out repeatedly over the years. In ad-
dition information was directed to school children, because children are important 
channels to reach parents. Mail dispatch brochures and text materials are effective 
ways of communicating with residents, but the variation of information is impor-
tant and there is a constant need for new campaigns. Feedback is also important 
for motivation: information on how it is going, how much has been collected and 
the amount of biogas produced. One example is to communicate that a brown bag 
is sufficient for driving a vehicle 25 kilometres.

There is a constant need for repetitive campaigns. Solid information in the begin-
ning is very important. The time schedule is also important, it must not be too long 
after the information has been sent to the households that people get the hands-on 
opportunity to begin sorting out food waste. Examples of text material for informa-
tion in Eskilstuna are given in Figure 4.9.

Repetition of the information is essential to maintain the quality and quantity of 
the collected food waste. Furthermore, collaboration with the property owners is 
beneficial to reach out to as many households as possible. Easy access to bags and 
accessories is also vital. 

For an easier implementation, the source sorting system must be easy to under-
stand and not confuse the customer. For example in Västerås they use paper bags 
for sorting organic waste as an intuitive way to say that this bag is only for organic 
content and that it is environmentally friendly among other benefits (See 4.4.1) 
and in Eskilstuna they use different coloured bags with the colour green on the bag 
for organic waste. Plastic bags are durable but they might not be associated with 
an environment-friendly approach by the customer and emphasis might have to 

2 If no other reference is given, this section is based on Biogas Öst
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be put on the fact that the bags are made from recycled plastic or of a degradable 
type. The experience from Västerås is that the use of paper bags for the collection 
of food waste is good from a pedagogical perspective. When you have once learned 
to put the food waste in a separate, different type of bag you then find it difficult to 
put something else but food waste in that type of bags (VafabMiljö AB, 2011). This 
is confirmed by results of the pick analysis study mentioned earlier (Avfall Sverige, 
2011 c). 

4.6.2. Infrastructure for the drop off collection of sorted waste 

The overview of drop off infrastructure is presented in Table 4.3. There are differ-
ences between infrastructure for recycling in Västerås and Eskilstuna. In Västerås 
there are six recycling centres, while in Eskilstuna only one. The number of recy-
cling stations is quite similar, but the share of recycling stations that can handle all 
recyclables is in Västerås only 26 % while it is 93 % in Eskilstuna.

Figure 4.9. Text materials for information about the sorting system in Eskilstuna. The 
big sheet is a guide for what material can be sorted in what bag and the booklet to the right 
describes the sorting system in a way similar to books for small children.
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Table 4.3. The drop off infrastructure for recycling in Västerås and Eskilstuna.

    Västerås   Eskilstuna 

Population (2010)  137 207    96 311
(thousand) 

Area total [km2]   1 143    1 257
Area land        963          1 104                                     
Area lake   180    154

Waste Management   Regional company, owned   Owned by the municipality
Company   by  12 municipalities  of Eskilstuna

Recycling centres (2011)  6    1 

Recycling stations  - FTI (2011)
Total                 43    41                                        
With all recyclable fractions  26 (60%)   38 (93%)
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5. Examples from Lithuania
The National Sustainable Development Strategy (National Sustainable Develop-
ment Strategy, 2007) stresses that the accumulation of household waste in landfills 
is the consequence of the current underdeveloped household waste management 
system, lack of sorting of waste, and insufficient recycling of the secondary raw 
materials (materials and articles which, after complete initial use, may be used re-
peatedly in production as starting material) and emphasizes the vital necessity of 
improving the existing household waste management system and increasing resi-
dents’ stimulation to sort out household waste. 

In Lithuania, the household waste–to-energy management is related to the imple-
mentation of the regional waste management system strategy. In 1999, the State 
Waste Management Strategy was approved and the Waste Management Rules were 
developed obliging the local governments to envisage and work out necessary man-
agement implementation procedures (Seimas of the Republic of Lithuania, 2011). 
The following reorganization stage- the legal, organizational, and financial waste 
management basis development, was a direct result of the preparation for the EU 
membership process. Another important document, the National Sustainable De-
velopment Strategy (National Sustainable Development Strategy, 2007) outlines 
the household waste management policy at both micro and macro levels. 

5.1. Lithuanian policies and regulations

The waste-to energy policy introduction is in its initial stage. The main Lithuanian 
documents regarding the national waste-to energy generation strategy are the fol-
lowing ones: the National Strategic Waste Management Plan 2007-2013 (National 
Strategic Waste Management Plan 2007-2013, 2007), based on the EU waste man-
agement legal requirements, the State Long-Term Development Strategy, and the 
National Sustainable Development Strategy. The National Strategic Waste Man-
agement Plan provides the SWOT analysis of the current waste management situa-
tion and establishes the implementation plan priority tasks.

The biodegradable waste should be treated in accordance with following require-
ments:

•	 by	2010,	not	more	than	75%	of	all	municipal	biodegradable	waste	should	be	
dumped;  

•	 by	2013	-		not	more	than	50%	of	all	municipal	biodegradable	waste	should	
be dumped;

•	 by	2020	-		not	more	than	35%	of	all	municipal	biodegradable	waste	should	
be dumped.

A new law on determining the composition and quantity of biodegradable waste 
along with the methods and frequency of waste analysis in the regional landfills was 
approved on 31st of August 2011.
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The attitude towards waste treatment has changed at the national, regional and 
municipality levels which has led to the development of the regional land filling 
system. This system forces the municipalities to organize waste management in line 
with the national regulations and plans. 

In West Lithuania, these goals will be reached by installing 19 biodegradable “green” 
waste collection sites and transporting this waste to anaerobic digestion regional 
plants or composting it directly on the sites. Besides, mechanical and biological 
processing installations for recyclable and biodegradable waste separation from the 
main waste flow in the regional landfills are being projected.

5.2 . Source sorting in the West Lithuania Region

Western Lithuania, like the whole country, is seeking to minimize biodegradable 
waste and secondary raw materials dumping in the landfills. It could be possible to 
achieve by separating potentially useful waste from the household waste entering 
the landfills. In the region under discussion, a few projects aimed at stimulating the 
biodegradable waste sorting are ongoing. 

The regional waste management centres, responsible for all kind of waste collec-
tion, storage and utilization (Klaipeda regional waste management center, 2011), 
have already distributed a number of bio containers for biodegradable waste com-
posting. The Klaipeda and Siauliai regional waste management centres (Siauliai 
regional waste management center, 2011) have indicated that 94% of residents pro-
vided with the containers claimed an apparent decline in household waste volume; 
due to this reason, having received an aid from the EU fund “Linkage”, the above 
mentioned centres are determined to distribute 48 000 bio-containers of 140-240 
litres each and 500-800 l composting boxes. 

Single family house households will have the right to choose either a composting 
box or a bio container to use. In case the residents decide to compost the household 
waste, the fee for collection of the residual waste is going to be lower. The cost is still 
under discussion, but the less amount of waste to transport the cheaper it will be.

Instead of local organizations, the container operators will become responsible for 
the waste fee collection. According to the strategic waste management plan, the big-
gest permissible annual amount of biodegradable waste and its development shall 
be: in Klaipeda, in 2013 the maximum amount of waste that can be dumped will be 
27 500 tons of waste and in 2020 only 19 300 tons. Due to composting, the amount 
of biodegradable waste in landfills will be diminished and the households may get 
natural fertilizers.

Moreover, the amount of dumped secondary raw material, in line with the strategic 
waste management plan, should be reduced as well. The municipalities are respon-
sible for the local waste collection system operation and the recycling containers 
distribution, 1 per 600 residents in big cities, among them Klaipeda and Siauliai, 
locating the recycling containers on the communal waste collection sites or in other 
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convenient, specially arranged places, meeting aesthetic and public health require-
ments. 

The other municipalities are to arrange at least one secondary raw material collec-
tion site for 800 residents near the communal waste collection sites or in another 
convenient place for the residents. Regional municipalities (who are responsible 
for waste management of the regional area) with single family houses, small settle-
ments, garden and/or garage owners’ communities (summer houses and private 
car repair workshops) are to locate at least one recycling container next to the main 
drive of the neighbourhood.

There are plans to build 23 bulky waste collection sites in the West Lithuania region 
in order to achieve objectives set in the regional waste management plan. Waste 
that is not considered as municipal solid waste will be collected in these sites: used 
tires, construction waste, paper, various polymeric materials, car batteries, wood, 
plastic, glass, textile waste, tilling and ceramic mixed waste, packaging, used house-
hold waste (furniture, equipment etc.). The hazardous waste such as car batteries, 
used oil and filters, pesticides, medicine and others, will be collected and directed 
to the hazardous waste utilization companies. Waste from the inhabitants of the 
region will be collected without any fee but collection of waste from companies and 
various institutions will be charged depending on the waste type. Each regional 
landfill has a price for landfilling non-hazard industrial waste.

5.3. Sorting for combustion in West Lithuania

The Republic of Lithuania has started the process of building a waste incineration 
plant in the free economic zone in Klaipeda. The plant construction is one of com-
mitments of the country to minimize biodegradable waste dumping and achieve the 
goal of 23% of the total energy used generated from renewable energy sources. In 
the region under discussion, the local waste management centres operate the waste 
management systems, which stimulate the minimizing of both recycling materials 
and biodegradable waste dumping. In the landfills, the disposed municipal waste 
will be processed in the mechanical-biological installations before being inciner-
ated and landfilled.   

There are plans to build a plant for mechanical processing of Klaipeda region waste. 
In the sorting plant, the waste will be spilled into a tank, conveyed, and after the 
magnets have extracted iron objects, the waste will be centrifuged in order to sepa-
rate plant screenings, soil, gravel and other bulk sediments. Manually or mechani-
cally, the secondary raw materials – glass, metals and plastic- will be removed, and 
the hazardous waste separated; the processed waste will finally be transported to 
recyclers. The rest of the waste mass will be dried out in the waste sorting plant to 
maximize its calorific value and finally moved for incineration. 

Siauliai, Telsiai  and Taurage regional waste management centres (Taurage regional 
waste management center, 2011; Telsiai regional waste management center, 2011) 
have developed the strategic environmental impact assessment documents, which 
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are intended for mechanical and biological treatment of municipal waste.  The or-
ganic part of the waste is reduced by drying it aerobically. After being aerobically 
processed, the biologically treated waste  is treated mechanically the second time. 
Metals, and alternative fuels are separated during the second mechanical process-
ing steps. Soil improving products can be produced through composting after a 
double mechanical treatment. 

The regional waste management centres have submitted the applications for a 
waste management technology installation to the Environmental Projects Manage-
ment. Though the technologies are different, the expected basic components are 
similar: the equipment needed for separate and / or individual biodegradable waste 
collection and waste/ materials sorting out.  Some applications have been submit-
ted for biogas generating digesters and waste composting equipment (Ministers of 
Environment order regarding the analysis of composition of biodegradable and not 
hazardous municipal solid waste in regional landfills, 2011).
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6. Examples from Poland
In this chapter an overview is given of sorting techniques applied in Poland for 
municipal mixed waste. Mechanical sorting of mixed waste in Poland has devel-
oped in recent years, due to the fact that the source separation of waste is done 
only at a very modest scale (app. 6.8% , 682 000 tons of 10,036 000 tons munici-
pal waste collected in the whole country). In these circumstances mechanical sort-
ing has been applied to allow higher recycling of materials and energy recovery. It 
should be noted, however, that mechanical sorting techniques do not ensure high 
quality of recyclables. Especially paper and biowaste are fractions very vulnerable 
to contamination. Once collected in a mixed collection system it is hardly possible 
to obtain good quality compost or digestate, which would comply with stringent 
limits for agricultural applications. Thus, mechanical sorting should rather be con-
sidered as a supporting system for the source separation, used for such applications 
as final purification of separately collected recyclables, or separation of mixed dry 
recyclables to its subfractions or sorting of mixed plastics to individual polymers. 

In 2008, 139 sorting plants existed in Poland, of which:
•	 74	plants	for	sorting	separately	collected	municipal	waste	with	the	capacity	

of  508 300 tons/year,
•	 31	sorting	plants	for	mixed	household	waste,	with	the	capacity	of	581	700	

tons/year
•	 34	 sorting	plants	 for	both	 separately	 collected	and	mixed	waste,	with	 the	

capacity of 1097 100 tons/year. 

In Wroclaw, the capital of Lower Silesia there is a sorting plant for mixed and sepa-
rately collected waste, with the capacity of 210 000 tons/year for the mixed waste 
and 20 000 tons/year of separately collected recyclables. From the mixed waste 
stream, the plant until now was sorting out up to 8% of the recyclables, while the re-
maining waste was landfilled. Very recently it was upgraded to produce additional 
refuse derived fuel of 40 000-50 000 tons/year (however this quantity refers to 
municipal waste combined with industrial waste, of which exact proportion is not 
known).

6.1. Sorting technology of mixed/residual waste

The main goal mixed (residual) waste sorting is to separate material fractions of 
required characteristics for further processing, including recyclables for recycling, 
high caloric fractiond for RDF production, fraction with high organic content for bi-
ological processing and the residues. A central element of a sorting plant for mixed 
waste is a sieve, which allows separation of waste to various sizes, mostly fractions: 
0-80 mm (or 0-60 mm) for biological treatment and coarse fractions for the recov-
ery of recyclables. Characteristics of various fractions separated in sorting plants 
are presented in Appendix III.
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Until very recently the typical sorting plant for mixed waste was based to a great 
extent on manual sorting and consisted of:

•	 Bag	opener
•	 System	of	conveyors	
•	 Drum	sieve	or	vibrating	sieve
•	 Sorting	cabin	on	the	platform,	with	multiple	manual	sorting	positions	
•	 Containers	for	sorted	recyclables	
•	 Perforators	and	presses	for	recyclables.

Figure 6.1 presents schematically a manual sorting plant. 

Figure 6.1.. Simple manual sorting plant (Roczniak, 2011), used with permission.

Since 2008 optical automated sorting technology has been implemented in 
Poland. Currently, there are already numerous plants equipped with automated 
separators both for separately collected as well as mixed waste. Automatic separa-
tors consist mostly of: a sensor (scanner) with a system of lights, panels with jets of 
compressed and air regulator, as well as computer terminal and other supportive 
equipment. Waste is fed to the separator on a conveyor belt, ensuring a uniform, 
single-layer distribution to exclude overlapping of individual waste. The most fre-
quently used optic separators are based on NIR technology (near infrared), VIS 
technology (visual spectrometry) or X-Ray technology (analysis of atomic density). 
A combination of these sensors allows for numerous applications for the municipal 
waste sorting:

Mixed packaging waste 
•	 Positive	sorting	of	beverage	cartons,	PE,	PP,	PS,	PET,	EPS,	paper
•	 Sorting	of	mixed	polymers	from	other	material

Refuse derived fuel (RDF)
•	 PVC	from	mixed	waste	(negative	sorting)
•	 RDF	from	municipal	waste	
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Sorting paper 
•	 Deinking	paper
•	 Rejection	of	cardboard,	plastics	and	beverage	carton	from	mixed	paper	
•	 Separation	of	dyed	paper	from	mixed	deinking	paper

PET/PE recycling
•	 Separation	of	PET	by	colour	(light	blue,	clear,	coloured)	
•	 Positive	sorting	of	PET	from	mixed	plastics
•	 PVC	from	PET	stream	(negative	sorting).	

To extract from mixed waste different fractions of waste, e.g. single polymers or 
different colour plastics, a few optical separators must be installed. Figure 6.2 de-
monstrates a possible configuration of optical separators in a mechanical-biological 
pre-treatment (MBP) plant. 

As compared to the classical manual sorting plant, the costs of sorting are lower for 
automated technology, due to significantly lower labour intensity. Currently, there 
are trials running on the applicability of optical sorting for separation of biodegrad-
able fraction from residual waste.

High-pressure extrusion is another technology for extracting biodegradable 
waste from non-biodegradable in an automated system. The principle of the high-
pressure extrusion process, as developed and patented by VM press, is subjecting 

Figure 6.2. An automated sorting plant for mixed waste (adapted from Rajca 2009).
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the waste to very high pressure (600-1000 bar). The waste is compressed in a spe-
cial chamber with holes in its outer part. As a result of high pressure, the organic 
fraction of waste, is squeezed through the openings of the chamber and physically 
separated from the remaining, relatively dry fraction As a result of mechanical pres-
sure the organic material undergoes disintegration, which promotes higher reactiv-
ity and improves its suitability for anaerobic digestion. The dry output of the device 
can be either directly incinerated or used as component of an alternative fuel. This 
fraction consists of fragments of wood, paper, plastics, textiles, rubber, etc., which 
(according to the technology provider) can be characterized by the following pa-
rameters: 

•	 moisture:	25	%	heating	value:	11,000	–	15,000	kJ/kg
•	 inert	content:	20-	25	%
•	 density:	0,5-0,8	t/m3	

(Brodowicz, 2011)

6.2. Characteristics of waste fractions 

It is important to know about the characteristics of waste to be able to judge the 
potential for recycling and recovery of material and energy. Recently in Poland a 
number of investigations of municipal waste composition were conducted in order 
to verify the potential of waste for recycling and recovery in the planned new waste 
treatment facilities. In appendix 3, the results of two series of analyses are pre-
sented, one from a large city – Warsaw and the other from a rural area, including 
small	towns	and	villages	–	the	region	of	Ślęza-Oława.	Additionally,	data	on	waste	
streams originating from a full scale mechanical-biological pre-treatment (MBP) 
plant are presented. 
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Appendix 1 – Waste subscription costs Västerås 2011

This appendix contains the main costs for the handling of waste from house-
holds and enterprises. The waste company provides other services as well 
for extra fees and charges extra fees when the pickup cannot be done by the 
garbage truck and there is manual labour involved for the driver.

Table 1.1. Fixed costs for different types of households and enterprises in euro per house-
hold/enterprise and year.

Household type   Fixed costs (€)

Household in apartment blocks  89
Household in single-family houses 141
Vacation house    74
Enterprises    77
Enterprises, summer time  39

Subscription   Waste type and container size  Costs (€)

Home composting Residual waste 
   120-140 l    66
   160-190 l    82
   210-240 l    98
   300-400 l    137
   600 l     208

Source sorted  Bio waste 
   120-140 l    21
   190-240 l    30
   300-400 l    43
    Residual waste 
   120-140 l    66
   160-190 l    82
   210-240 l    98
   300-400 l    137
   600 l     208

Unsorted  Unsorted waste 
   120-140 l    349
   160-190 l    392
   210-240 l    454
   300-400 l    615
    600 l     902

Table 1.2. Variable costs for households/enterprises in euro per year, pickup every other 
week.
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Table 1.3. For other pickup intervals than the ones listed in table 1.2 the prizes are multi-
plied by the factors in this table.

Interval (Pickups/ year)  Factor

2     0,2
4     0,28
13     0,54
52     2,06
104     4,13
156     6,44
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Appendix 2 – Waste subscription costs Eskilstuna 2011
This appendix contains the main costs for the handling of waste from households 
and enterprises. The waste company provides other services as well for extra fees 
and charges extra fees when the pickup cannot be done by the garbage truck and 
there is manual labour involved for the driver.

Table 2.1. Fixed costs for different types of households and enterprises in euro per house-
hold/enterprise and year.

Household type   Variable costs  Fixed costs (€)

Household in apartment blocks  Table 2   104
One-Two household houses with  Table 2   154 
common pickup 
Enterprises    Table 2   90
One-Two household houses with  Table 3   164
separate pickup, own container
Vacation house    Table 4   134

Table 2.2. Variable costs for single household subscription in euro per household and 
year.

Single household subscription  Pickup interval  Costs (€)

190 l     every other week  91
(with food waste composting)  every four weeks  45
(with food waste composting)  every eight weeks  0*
370 l     every other week  350
660 l     every other week  713

*Reduced by an environmental discount of 21 € 

Table 2.3. Variable cost for Vacation house subscriptions in euro per vacation house and 
year.

Vacation house subscription  Pickup interval Period  Costs (€)

Single household vacation house  every other week  may-sept 42
     every four weeks  may-sept 21
	 	 	 	 	 every	other	week		Jun-aug	 	 21
     every other week  july  8

Vacation house area common pickup    
370 l     every other week  may-sept 143
660 l     every other week  may-sept 270
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Table 2.4. Variable costs for households/enterprises with common pickup points in euro 
per year and container.

Type of waste, fee or container size pickup interval   Costs (€)

Food waste, in green bags    
190 l     once per week   112
     twice per week   224
     three times per week  336
Other waste, in different colour bags  
190 l     every other week   84
     once per week   168
     twice per week   335
     three times per week  503
370 l     every other week   146
     once per week   291
     twice per week   582
     three times per week  874
     four times per week  1165
660 l     every other week   237
     once per week   473
     twice per week   946
     three times per week  1419
     four times per week  1892

Unsorted waste for households that do not want to sort or households that could not be offered the 
source sorting alternative  
190 l     every other week   185
     once per week   369
     twice per week   738
     three times per week  1107
     four times per week  1477
370 l     every other week   332
     once per week   663
     twice per week   1326
     three times per week  1989
     four times per week  2652
660 l     every other week   581
     once per week   1162
     twice per week   2324
     three times per week  3486
     four times per week  4649

Environmental fee for households that do not want  to sort waste after being offered to do so  
190 l     every other week   131
     once per week   263
     twice per week   526
     three times per week  789
     four times per week  1052
370 l     every other week   263
     once per week   526
     twice per week   1052
     three times per week  1578
     four times per week  2103
660 l     every other week   526
     once per week   1052
     twice per week   2103
     three times per week  3155
      four times per week  4207
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Appendix 3 Characteristics of waste fractions in Poland
The City of Warsaw performs municipal waste analyses on a regular basis since 
the 70’s. The household waste monitoring in Warsaw is based on analyses of waste 
collected in four different collection routes, representing all typical housing types. 
Data for the whole municipality was calculated as a weighted average considering 
numbers of inhabitants in different urban areas. Waste was screened to the following 
granulometric fractions: <10 mm, 10–40 mm, 40-60 mm, 60-100 mm and >100 
mm. All fractions above 40 mm were sorted to 18 material categories (see table 3). 
Fraction 10–40 mm was sorted to biodegradable and non-biodegradable materials, 
while of the fine fraction only its total mass was determined. 

The	region	Ślęza	–	Oława	performed	waste	analyses	for	a	whole	year	2009.	The	rea-
son for waste analyses was reconstruction and extension of a mec-hanical-biologi-
cal	waste	treatment	facility	in	Gać.	Currently	the	existing	mechanical	plant	is	being	
supplemented with a dry fermentation stage for biodegradable waste. 

Grain size distribution of the household waste 

In table 3.1 and 3.2 the results of the grain size distribution (granulometry) analy-
sis are presented as a weighted result for the whole city. Seasonal variation can be 
observed for the fractions 40-100 mm and over 100 mm. In spring and summer the 
coarse fraction (>100 mm) constitutes app. 46%, almost 10% more than in autumn 
and winter. This may be caused by a lower amount of green waste and beverage 
packaging in the winter months. Moreover, in the heating season a part of the paper 
and plastics fraction is likely to be burned in coal stoves or fireplaces. In the areas 
with individual heating the fine fraction (<10 mm) has a higher contribution in the 
heating season than in the summer months, which might be due to higher levels of 
ashes from coal stoves and fireplaces.

Table 3.1. Granulometry of the Warsaw waste (den Boer et al. 2011).

Fraction

Season

Summer
Autumn
Winter 
Spring 

Year1

0-10

%

4.1
5.9
5.6
4.3

5.0

10-
40

%

19.9
22.1
24.2
19.6

21.5

of which
biodegr.

%

14.6
18.5
20.8
16.5

17.7

non biodegr.

%

5.3
3.6
3.4
3.1

3.8

40-100

%

30.5
34.3
35.1
30.6

32.6

of which
40-60

%

8.9
9.6
10.5
11.0

10.0

60-100

%

21.6
24.7
24.6
19.6

22.6

>100

%

45.5
37.7
35.0
45.6

40.9

Total

%

100.0
100.0
100.0
100.0

100.0
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In table 3.3 and 3.4 the results of the material composition of the household waste 
are presented as a weighted result for the whole city. The fractions over 40 mm were 
sorted into 18 material fractions. The category ‘other wastes’ consists of wastes that 
were not mentioned otherwise, e.g. diapers, hygienic material as well as hazardous 
waste.

Table 3.3. Material composition of household waste in Warsaw in 2007/2008 (den Boer 
at al. 2011).

Fraction, mm:

biodegradable kitchen waste
green waste
non-packaging paper and cardboard
packaging paper and cardboard 
packaging composites
non-packaging plastics 
packaging plastics
textiles 
non-packaging glass
Packaging glass 
packaging  steel 
packaging aluminium
other  metals 
mineral waste >10 mm
wood and wood-like materials
packaging wood 
construction waste
other wastes
0-10 mm
10-40 mm: biodegradable
10-40 mm: non biodegradable

Total:

40-60

4,5%
0,3%
1,9%
0,2%
0,2%
0,2%
0,7%
0,1%
0,0%
0,8%
0,1%
0,1%
0,1%
0,1%
0,0%
0,0%
0,2%
0,3%

10,0%

60-100

5,9%
0,3%
2,1%
1,0%
0,7%
0,5%
4,1%
0,7%
0,1%
3,2%
0,7%
0,3%
0,1%
0,3%
0,0%
0,0%
0,4%
1,9%

22,6%

>100

3,9%
1,0%
8,0%
3,8%
1,7%
1,2%
9,5%
2,0%
0,0%
4,8%
0,7%
0,2%
0,6%
0,3%
0,1%
0,0%
0,3%
2,7%

40,9%

overall

14,3%
1,7%
12,0%
5,1%
2,6%
1,9%
14,4%
2,8%
0,2%
8,8%
1,5%
0,6%
0,8%
0,8%
0,1%
0,0%
1,0%
4,9%
5,0%
17,7%
3,8%

100,0%

Table 3.2.	Granulometry	of	the	Ślęza-Oława	waste	(Szpadt	et	al.	2009).

Season 

Rural municipalities
Spring
Summer
Autumn
Winter
Year

Towns 
Spring
Summer
Autumn
Winter
Year

>100

16,93
26,86
19,34
19,34
20,53

28,59
37,26
26,31
24,86
29,25

60-100 

19,33
28,44
21,16
21,16
22,45

17,65
26,41
25,35
26,01
23,86

40-60 

10,4
8,1
12,29
12,29
10,73

12,38
11,11
15,56
15,27
13,58

20-40 

24,37
14,22
20,71
20,71
19,92

17,78
15,78
20,59
18,89
18,26

10-20

7,26
8,35
10,52
10,52
8,84

6,96
5,40
8,57
9,57
7,62

<10

21,71
14,03
15,98
15,98
17,53

16,64
4,04
3,63
5,40
7,43
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Presented data for Warsaw indicates that biodegradable kitchen waste appears 
mainly in the fraction 40-60 mm, where it constitutes app. 45%. In the fraction 60-
100 mm the share of this material is high as well (app. 26%). Paper and cardboard 
mainly occur in the fractions40-60 mm and in the coarse fraction (>100 mm). Dur-
ing the whole year the joint paper and cardboard is the highest for multi-family 
housing districts. The joint share of plastics (both packaging and non-packaging) is 
the highest in the waste from mo-dern high-rise districts. For the entire city the val-
ues are the lowest in winter and autumn, which likely follows from a lower consump-
tion of beverages packed in plastic bottles. The share of packaging glass is clearly 
the highest for the one-family district. Generally more glass is generated in spring 
and autumn. Other wastes constitute app. 5% of the generated waste in Warsaw. 
The largest sub-category is disposable diapers. The average yearly amount of mixed 
household waste generated per inhabitant constitutes 286 kg (here also household-
like waste from small shops, offices etc. is included). The overall mass of generated 
waste in Warsaw was 519,209 tons in the season 2007/2008. Over 40% thereof is in 
the coarse fraction (>100 mm), which can be sorted out easily and used for recycling 
or as refuse derived fuel (RDF). In Warsaw recyclables are also collected separately, 
be it on a modest scale. Nevertheless, within the mixed waste, in the fraction over 
100 mm, there still are considerable levels of recyclable waste streams that are cur-
rently landfilled or incinerated. Per average inhabitant this is app. 33 kg of paper 
and cardboard, 31 kg of plastics, 14 kg of glass, 6 kg of textiles and 4 kg of metals. 
Apart from that the Warsaw households generated on average 46 kg capita-1 year-1 of 
kitchen and green waste in the fraction over 40 mm. Biologically degradable waste 
(mainly kitchen and garden waste) in the fraction 10-40 mm constitutes another 51 
kg capita-1 year-1. These wastes could be treated biologically.

Presented data for the rural area indicate a lower recyclables potential and a lower 
share of biodegradable waste (amounting to 52% in total waste). The biodegradable 

Table 3.4.	Material	composition	of	the	generated	household	waste	in	Ślęza-Oława	region	in	2009	
[mass %] (Szpadt et al. 2009).

Fraction, mm   >100   60-100  40-60  20-40  10-20  <10  Total

Kitchen and garden waste  3,00 5,86 7,32 15,12     31,30
Wood    0,17 0,09 0,08 0,04     0,38
Paper and cardboard  3,98 2,09 1,95 0,56     8,58
Plastics    6,18 3,77 1,25 0,28     11,48
Glass    2,96 6,58 1,06 0,26     10,86
Textiles    3,01 0,6 0,18 0,03     3,82
Metals    0,49 0,9 0,39 0,16     1,94
Hazardous waste   0,03 0,04 0,04 0,03     0,14
Composites   2,27 1,15 0,51 0,14     4,07
Inerts    1,25 0,32 0,34 1,25     3,16
Other categories   2,57 2,22 0,19 0,46     5,44
Fraction 10-20 mm      8,05   8,05
Frakction < 10 mm        10,78 10,78

Total    25,91 23,62 13,31 18,33 8,05 10,78 100
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waste content is the highest in the fraction 20-40 mm (86%) and fraction 40-60 
mm (72%), while in the coarse fractions it amounts to 37% (60-10 mm) and 36% 
(>100 mm). Thus both fractions below 60 mm are suitable for biological treatment. 

Chemical properties of the household waste 

Table 3.5 comprises the results of chemical analyses of Warsaw household 
waste. It provides the average yearly results of the combustion properties as 
well as the elementary composition of waste fractions. 

Table 3.5. Chemical properties of the generated household waste in Warsaw in 2007/2008 
(den Boer et al. 2011).

1 of the combustible fraction, 2 ignition loss at 550°C, 3 weighted average; dm=dry mass

Fraction

0-10 mm
10-40 mm
40-60 mm
60-100 mm
>100 mm
Overall3

%
dm

31.5
46.3
66.1
67.4
69.8
62.2

%
dm

65.8
51.6
31.4
30.7
27.7
35.5

kJ/kg
dm

6,923
10,205
15,583
16,810
17,488
15,133

kJ/kg

2,826
2,107
4,430
6,654
10,020
6,696

%
dm

2.3
3.8
5.6
5.6
6.1
5.3

%
dm

16.9
23.7
33.1
33.3
36.6
31.9

%
dm

1.1
1.5
1.6
1.2
0.7
1.1

%
dm

0.2
0.2
0.5
0.6
0.3
0.4

%
dm

0.1
0.1
0.2
0.1
0.1
0.1

%
dm

13.6
19.2
27.7
28.5
28.6
25.8

%

37.6
55.2
54.5
46.4
30.7
42.2

%

4.8
21.1
10.2
22.7
41.1
100.0
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In Figure 3.1 results from chemical analyses of Warsaw household waste are il-
lustrated. Combustion properties of waste and its suitability for incine-ration are 
determined by the lower heating value. Even though the higher heating value of 
the three coarse fractions (>40 mm) is similar, their lo-wer heating value shows 
a significant variation. The reason for this is the moisture level, which is lowest 
for the fraction >100 mm. This fraction at the same time shows the lowest levels 
of chlorine and sulphur; hence it is best suited for energy recovery. The minimal 
lower	heating	value	for	self-sustaining	incineration	of	municipal	waste	is	5,700	kJ/
kg. In the case of Warsaw household waste, this condition is met for the coarse frac-
tions of 60-100 mm and >100 mm as well as for the entire mass of mixed waste.

 

The chemical properties of the Ślęza-Oława waste were investigated for in-
dividual materials. In Figures 3.2. to 3.5 some of the results are presented.

Figure 3.1. Chemical properties of the generated household waste in Warsaw in 2007/2008. 
LOI= Loss of ignition.
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Figure 3.2. Moisture content of different fractions of paper separated from the mixed 
waste (Szpadt et al. 2009).

Figure 3.3. Organic mass content of different fractions of paper separated from the mixed 
waste (Szpadt et al. 2009).
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Figure 3.4. Moisture content of different fractions of biodegradable waste from the mixed 
waste (Szpadt et al. 2009).

Figure 3.5. Organic mass content of different fractions of biodegradable waste separated 
from the mixed waste (Szpadt et al. 2009).
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The moisture contents of paper and paperboard (8.43.6%), plastics (0.2-32.5%) 
and composites (8-21.3%) separated from mixed waste are elevated and very di-
verse. These values are rather disadvantageous in the contest of their suitability for 
recycling and energy recovery. The highest value of the organics content (loss on 
ignition) was determined for: plastics (88.4-99.7% dm), paper (58.85-89.6% dm), 
biodegradable waste - mostly kitchen and garden waste (60.6-89.3% dm) and com-
posites (20.2-90.6% dm). The organic matter content of non-biodegradable waste 
isolated from the fraction 20-40 mm amounted to 15.5-83.7% dm and analogical 
figures for the fraction 10-20 mm were 53.6-70.9% dm. The organic content of the 
whole fraction 10-20 mm ranged from 55.7 to 72.2% dm. The organics content was 
determined for the fraction of <10 mm and amounted from 27.4 to 46.0% dm (on 
average 38.8% dm).

Due to the high loss on ignition, waste plastics, paper and composite waste are very 
good raw materials for the production of alternative fuels. High humidity may, how-
ever, significantly reduce their actual calorific values. Kitchen waste and garden 
waste are suitable for biological treatment, but after drying may also be a valuable 
component of alternative fuels (such as biomass - a renewable source of energy). 

Characteristics of waste streams separated in full scale MBP plants 

Figure 3.6 shows material composition of granulometric fractions sorted out in the 
mechanical stage of a mechanical-biological plant. The data clearly shows a high 
content of biowaste (kitchen and garden waste) in the fraction 25-80 mm, reaching 
almost 50% mass of waste.

Figure 3.6. Composition of fractions sorted out in a MBP plant [mass%] (Sieja, 2011).
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Table 3.6. Parameters of Waste fractions from a sorting plant – yearly averages (Sieja, 2011).

Parameter

Moisture, %
Organic matter (ignition loss), % d.m.
Heat	of	combustion,	MJ/kg	d.m.
Heating	value,	MJ/kg
Organic carbon, % d.m.
Biomass content, % d.m.

Fraction 
< 25 mm

30.76
28.08
5.74
3.25
9.30
19.86

Fraction 
25 – 80 mm

40.98
59.91
10.74
5.45
22.80
48.50

Fraction 
>80 mm

28.84
81.21
18.82
12.42
28.50
56.75

Table 3.6 provides an overview of the chemical properties of the three fractions 
separated in the plant. The moisture content of all fractions is significantly lower 
than in the Warsaw waste. Due to this the heating value of the coarse fraction is also 
higher than in the case of the Warsaw waste. Interes-tingly, the biomass content is 
very high in the coarse fraction, higher than in the medium fraction. However, the 
materials that form it are different than in the medium fraction. In the coarse frac-
tion it is strongly dominated by paper, with biowaste being the second main con-
stituent, followed by textiles (50% natural fibres) and composited (40% of paper). 



ISBN: 978-952-203-153-2 (paperback)
ISBN: 978-952-203-154-9 (PDF)

Disclaimer
This publication has been produced with the assistance of the European Union (http://europa.eu). The content 
of this publication is the sole responsibility of the authors and can in no way be taken to reflect the views of the 
European Union. 




